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Dynamic Modeling and PID Control for Two
Degrees of Freedom Helicopter

Yu Xiaoman; Chen Youcong; Ma Dongxu
(The College of Instrument Science & Electrical Engineering ,Jilin University, ChangChun, 130026,China)

Abstract--Because of the high cost and risk in the control of the unmanned helicopter, the article is based on the designed

semi-physical simulation platform of two degrees of freedom helicopter system. Firstly, according to aerodynamics theory and

Euler-Lagrange equation, etc, building the mathematical model of the system. And then, by means of automatic control theory,

the PID control algorithm with robustness is finished. At the same time, by presenting the model on the MATLAB/Simulink

simulation environment, the comparison of output waveforms with the model without controlling algorithm on the same

condition proves its effectiveness. When the algorithm is applied to the semi-physical simulation platform, the model can keep

balance rapidly at the given degree and having anti-interference characteristics, which shows the feasibility.

Key words--PID-controlling;  mathematical modeling;

0 INTRODUCTION

RECENTLY, unmanned aerial vehicle has the priority of
use in many fields of research.firstly,it has the
characteristic of flexibility,which can reach the place
that people can not.Secondly,people are not forced to
drive the helicopter,but use remote control.the
unmanned aerial vehicle can even work by its own
attitude of adjustment,which can lower down the risk
of experiment,guarantee the personal safety,and has a
strong applicability.

However,because of the high risk and cost of the
flight test of unmanned aerial vehicle ,researchers
generally use the similarity principle to test and verify
the control algorithm and then plant it into the
unmanned aerial vehicle.To realize the precisely
control ,at first we must build its dynamic model.Some
researchers attain the input and output by a series of
flight test,and then use these data to build the dynamic
model based on neural network[l],which needs a
mount of data to guarantee the accuracy of the
model,and needs experts’ data ,so,it has limitations.
Some build the dynamic model based on system
identification,but don’t give the experiment settings or
data processing methods[2].Others get the non-linear
dynamic model by theoretical calculation,and
unknown parameters by wind tunnel test,by which
means,it is not easy to derive the equations and
determine the parameters.

Many aspects considered,this article describe a

2-dof

practical  scheme of solving  mathematical
modeling.Firstly design and produce a small helicopter
model of semi-physical simulation.Secondly simplify
it into mechanical model and build the dynamic model
according to Euler-Lagrange equation and the relation
between the rotating speed and the lifting
force.Finally,design a control algorithm of robustness
and verify it in the simulation environment in
Matlab/Simulink. The test demonstrate that, the
mathematical modeling and the algorithm can control
the flight attitude of the the small unmanned helicopter

well.

1 MATHMATICAL MODELING

The helicopter model of semi-physical simulation
includes a horizontal rotor with a protection device on
the head of the model,and a tail rotor in the vertical
direction,as shown in the figure 1, therefore,it can
realize two-degree-of-freedom motion of pitch and
yaw.The helicopter model moves around the point
where the model is fixed.The two propellers are
separately driven by two brushless motor.A certain
torsion can be produced by controlling the duty circle
to change two motors’ speed,which can realize the
two-degree-of-freedom motion.

In the process of mathematical modeling,simplify
some factors of little influence,for example,while
calculate kinetic and potential energy,take two rotors
as particles and
width,thickness,but

ignore the holding part’s

only mass and length.The
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simplified graph is as shown in figure 2 and variables
in table 1.

table 1 Explanation of variables and symbols

name symbol
length [
mass m
moment of inertia J,
Vertical around z axis
board velocity (')f body v, =[0.0.0]
gravity
Coordinate of center | [x v, ,Z 1" =
of gravity [O,O,I—Z]T
2
Distance between tail /
rotor and the point !
Distance between /
Horizont main rotor and the :
al board point
Distance between ]
body gravity and the 0
point
mass
m,
moment of inertia J
around body gravity 2
Coordinate of center T
. (REN LAY
of gravity
velocity of body y
gravity ez

The velocity of body gravity is
V., =[-,sin 00 cos p — [, cos@sin pg,

; (D
[, sin @8 sin @ + 1, cos @ cos g, 1, cos O]

V., =1’ (¢* cos® 0 +6%) 2)

c

Then,the kinetic energy of the system is

E, = %ml"chVcl + lJl(bz + % mzchchz

1 21 1 ®
+5J2(¢2 +6%)+ Empv;vp +5mqvquq
The potential energy of the system is

E,=myglysin@+m,gl,sin0@—m,gl sind (4)

Then get the Lagrangian function

Different rotating speed can attained by inputting
PWM signals of different duty circles,by which the
two rotors can receive different torch and lifting force
to change the attitude motion.Therefore,the pitching
torch is

T, =kwl, (6)

k,is lift coefficient of main rotor, W, is rotating speed

of the main rotor;
The yawing torch is

z, = k,wl cosO(a +a,) (7)

k, is lift coefficient of tail rotor,, W, is rotating speed
of the tail rotor, ¢ is the torch-angle of the tail rotor,
Q. is the initial torch-angle of the tail rotor.

function

Finally,according to Lagrangian

0(oL)| oL . L
—| — |-— =7 ,two equations taking pitch & .
ot\0q ) Oq

and yaw ¢ as two variables, are derived as followed:
Pe, 0 [4[ 0 Bp|[6][E][%
{0 12+J1+Jj ol |- —1;9} ¢H0H@ ®
In the model

B =myli +m I +m]l}
P, = (myl2 +m 12 +m I )sin O cos 0
Py =m,gl,cos 0 +m,gl, cos 0 —m gl cos 0

P, = (myl2 +m 12 +m 17 )cos> 0

According to the expected effects,the model moves
in a small range in the horizontal position,due to linear

(bzzO , (pxézO , 0=0 |

approximation,

cos @ ~ 1 ,the simplified model is as followed:

53 ]
0 B+J,+J,| | o 0 7,

In the model,

_ 2 2 2
B =mly+m,l;+m/
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P, =mygl, + mpglz _mqgll

7, =kwl (a+a,)

What is introduced above all is the whole
mathematical modeling process of  the
two-freedom-of-degree helicopter system.

2 SIMULATION

The system has two input signals (pitch and yaw
angle)and two output signals(the rotating speed of the
main and tail rotor),so it belongs to MIMO
system,which can not has its transfer function
model,but the state space model.Build the state space
model by taking the angular velocity of pitch and yaw
as the state variables,the square of the output rotating
speed as the input variable,and the angular acceleration
as the output variable.

The motors used in the system are the same
brushless DC motors(BLDCM).DC motors can equal

1/C,
T,Ts*+T,s+1

to a second-order linear unit , where

electromechanic inertia time constant is

_ GD’R
= —
375C.C, , and electromagnetic inertia time
L
I=
constant is R, According to concrete parameters

of the motor,motor’s transfer function is

G - 0.1047
" 0.00042s% +0.042s +1°

The conversion relation between the needed lifting
force when the helicopter starts and the PWM duty
circle that the program outputs is a question.the

references[3-7]analyze the relation,which is worth
referring. The reference[3] conclude that the lifting
force is proportional to the square of the rotating speed
using the basic method.

The software Matlab has the simulation
environment-Simulink, where the simulation test can
be conducted according to the system model above.the
input signals of the motors is PWM impulse with a
certain duty circle,and the output signals are the square
of the rotating speed.Simulate the whole system
consuming that two motors are of no mutual
interference.the simulation diagram is as shown in

figure 3.

J_LH_ 0.1047 2
» »| U
den(s)
Puse Transfer Fen Msth
Generator Function1

X' =Ax+Bu :]
y = Cx+Du v
State- Space Scope

J_I_ﬂ_ > 0.1047 > u2
den(s)
Puse Transfer Fon2 Msth
Generator1 Functon

Fig.1 Simulation frame chart of system

Fig.2 Output waveforms of motors

The output waveform in figure 2,in accord to the
actual situation,shows that the rotating speed of the
motor rises with time.However,the speed is asked to
rise with the angle but not always with time.To be
exact,the rotating speed of the motor is a kind of
physical quantity related to the difference between the
actual angle and set angle.That means an algorithm
should be designed to control the speed to change with
the angle difference,in order to keep the system

balance at a certain degree.

3 PID CONTROLLING
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which is  short  for
Proportion-Integration-Differentiation

PID  controlling

controlling,takes the angle difference between input
signal and test signal as the controlled object,and
conducts the proportion,integration,differentiation
operation to reach the expected effect.PID controlling
has the advantage of easy principle,easy to realize,high
reliability,mature technology,and so on,which has been
widely used in the field of modern industrial
controlling and mechanical and electrical integration.
The article is based on semi-physical simulation
platform of 2-dof helicopter motion,measuring the
parameters of the 3-axis gyroscope
MPU6050,comparing two methods.One is measuring

directly 3-axis angle speed and angle acceleration and

integrating to get yaw and pitch.The other is
calculating Quaternions using DMP technology to get
yaw and pitch.The comparison shows that DMP has
more accurate and stable angle.The PID controller is

0

build taking yaw Y . pitchgﬂas input signals and

voltage as output signal.The controller modifies the
output voltage using the difference of practical and
expected states.Chen Qijun [8]verifies that in the
condition of proportional coefficient and differential
coefficient,the error can reach any expected range and
also verifies the robustness of the method.But this
controller design,all the three coefficients are adopted
to control the rapidity and stability.The simulation

diagram is as shows in figure 1.

Step Transfer Fen Msth
Function1 D
Derivative Gain2 Stste-Space Scope
5 =
den(s)
Stept Transfer Fon2 Math

Function

Fig.3 Simulation frame chart of control system

,smp.

L LI 5

Fig.4 Speed comparison between motor with control and
without control

As described in figure 3,the two degrees-of-freedom
are independent ,so compare the system with PID
controlling and the system without. In fact,the motions
of the main rotor and the tail rotor are of mutual
interference,so the feedback on the main rotor should
be added.

=20

. K
The comparably ideal parameters are 7 )

K, =-0.2

1

, Ky=-01 ,by multiple tests,and the

simulation is as shown in figure 4.

Concluded by the comparison in figure 4,the
rotating speed of motor without PID controlling is
rising all the time,resulting in the system
unstable,while that with can be stable in 200ms.In
summarize,these PID controlling parameters can
control  the

smoothly.Because of the mutual interference in

rotating speed of the motors
practice,the parameters should be adjusted to add the
feedback to cancel the influence the yaw acting on the

pitch,which can help the system keep balance.

4 CONCLUDE

The article introduces how to build the mathematics
model of the 2 dof motion system according to the
Lagrange-Euler equation and mechanics principle.The

system can be linearized around the balance position to
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get the simplified model because of the small angle
range of the pitch.Then PID controller according to
traditional PID controlling principle is
designed.Compare two motors with PID and without
in the same state in the simulation environment to get
the waveform starting stably and balancing fast,in
order to verify the efficiency of the algorithm and keep
the 2 dof helicopter balance.However,in practical
controlling,the winding wire and the vibration in the
joint in the movement process can effect the
precision.Yaw has an angle bias of <1°,and pitch has
an angle bias of <3°,which shows that the controlling
method should be further optimized.
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Based on the Pulse Wave Conduction Time
Sleeveless Blood Pressure Measurement Instrument
Design

Liushuainan; Zhangqilin; Xuchuanbin

(jilin university instrument science and electrical  engineering ,changchun, 130021 )

Abstract--Blood pressure is one of the important physiological parameters of human body, can reflect the function of human
body heart and blood vessels, is disease, observe clinical medical effect, such as the important basis.In this paper, we design a
sleeveless with blood pressure measuring instrument, it is mainly composed of pulse wave measurement, data processing,
feature point extraction and mathematical modeling of four units.Single pulse wave data processing the data of the measuring
results output in an asynchronous serial communication to PC, PC potter character extraction pulse points, calculate the pulse
wave transmission time, and establish the model of the relationship between blood pressure and pulse wave transmission time,
so as to realize sleeveless with blood pressure measurements.The experimental results show that the pulse wave pulse range of
20-250 times/min, pulse wave precision reached 1.4% times/min, systolic blood pressure range of 40-250 MMHG, diastolic
blood pressure range of 40-250 MMHG, average pressure range of 40-250 MMHG, precision of the blood pressure plus or

minus 3 MMHG, and blood pressure measurement standard deviation is less than 8§ MMHG, meet AAMI the recommended

standard, the standard deviation is not more than 8 MMHG can preliminary application in the medical ward.

Key words--sleeveless; blood pressure measurement; feature point; pulse wave transit time

[. INTRODUCTION

WITH the development of science and technology and
people living standard rise, eating greasy, irregular life,
work pressure and other factors have caused the
prevalence of hypertension and other chronic diseases
and sub-health population rising number of [1]
traditional blood pressure measurement using his
sound auscultation method, although the arterial blood
pressure measurement more accurate, but was unable
to track the change of blood pressure;Although with
artery intubation can track change, continuous
measurement of blood pressure, and the measurement
result is accurate, but this method has some limitations,
such as ready for long time, have a, and were easy to
cause complications, such as pain, bleeding, infection,
thrombosis, and air embolism, body because of
ischemia and necrosis[5].

Continuous non-invasive blood pressure monitoring
is through associated with blood pressure values of
signal analysis and processing features of indirect,
noninvasive to human body, more suitable for the
research and widely used in clinical practice, clinical at
present is mainly use the following four methods for
continuous

blood pressure measurement, they

respectively are  tension  measurement  and
compensation method, pulse volume potter character
parameter method, pulse wave velocity method
[5].And stress measurement and compensation method,
pulse volume potter character parameter method,
compared the pulse wave velocity method, low
requirement to the sensor positioning, measurement
error is small, less discomfort, is an ideal method of
noninvasive continuous measurement of blood
pressure.

Based on pulse wave transmission time sleeveless
with  noninvasive continuous blood pressure
measurement of this kind of method measuring
equipment is small in size, easy to carry, and made
them were thoroughly get rid of the bondage of the
gasbag body [2], improves the comfort, can carry on
the sleeveless with long time continuous blood
pressure measurement, the prevention of high blood
pressure and provides a favorable safeguard, timely
diagnosis and real-time understand the change of blood
pressure, to prevent sudden heart, cerebrovascular
disease, also has an important meaning, at the same
time, by getting the blood pressure change rule, for
other important diagnosis, such as sleep quality, sleep
disorder, etc. To provide the basis [3].To sum up, based

on the pulse wave [4] conduction time of noninvasive
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continuous blood pressure measurement for the
continuous monitoring of blood pressure and heart
cerebrovascular patients clinical care has important
research significance and application value [8].

II. SLEEVELESS WITH BLOOD PRESSURE MEASUREMENT

METHOD

A. Theoretical Basis

Blood pressure refers to the intravascular blood for
blood vessels of the lateral pressure per unit area, also
is the pressure, commonly referred to as blood pressure
mean arterial blood pressure [7].Ventricular Systolic,
aortic Pressure rise sharply, in the middle of Systolic
peak, then the value of arterial Blood Pressure is called
the Systolic Blood Pressure (Systolic Blood Pressure,
SBP), left ventricular Diastolic, aortic Pressure drop,
low heart shu late arterial Blood Pressure is called the
Diastolic Blood Pressure, Diastolic Blood Pressure,
DBP [4]. National authoritative organization, Systolic
Blood Pressure normal value to less than 130 mmHg,
Diastolic Blood Pressure normal value to less than 85
mmHg, and Systolic Blood Pressure of ideal value to
less than 120 mmHg, Diastolic Blood Pressure of ideal
value to less than 80 mmHg, Chinese average Blood
Pressure normal reference value as shown in table 2.1

[8].

Table 2.1
the Chinese average normal blood pressure reference value

Age Systolic Systolic Diastolic Diastolic
blood blood blood blood
pressure( | pressure(f | pressure( | pressure(f
male)/mm | emale)/m | male)/mm | emale)/m
Hg mHG Hg mHg

16-20 115 110 73 70

21-25 115 110 73 71

26-30 115 112 75 73

31-35 117 114 76 74

36-40 120 116 80 77

41-45 124 122 81 78

46-50 128 128 82 79

51-55 134 134 84 80

56-60 137 139 84 82

61-65 148 145 86 83

The change of blood pressure has important clinical
significance, some chronic diseases, mood swings and
movement, and so on and so forth will affect the
blood
circumstances, as long as we are not on the same day

changes  of pressure.Under  normal
three times measured systolic blood pressure value is
higher than 140 MMHG or diastolic blood pressure is
higher than 90 MMHG, we can decide who have high
blood pressure If the systolic blood pressure value is
lower than 90 MMHG, diastolic blood pressure values
less than 60 MMHG, we can decide who have low
blood pressure.

Pulse wave is a result of cardiac spread along the
arteries and blood flow, through a large number of
experiments have confirmed that the greater the
elasticity of the arteries, which is the compliance, the
greater the pulse wave transmission time is longer,
conversely, if the smaller the elasticity of the arteries,
the shorter the pulse wave transmission time.Figure 2.1
for the standard pulse wave signal of human body.

c

i L s=51452
T |

Figure 2.1.  the standard pulse wave signal of human body
B. The Calculation of Pulse Wave Transmission Time
As shown in figure 2.1, the acquisition of two pulse
wave signals from different parts of the human body
coordinates Cx1, Cx2, calculate the difference between
the two signal feature point coordinate values:
m = Cx1—-Cx2 (1)
Because sampling interval is known, so you can use
it to calculate the

corresponding pulse wave

transmission time:

PIT =mxT (2)

Type, as the pulse wave transmission time, as feature
point coordinate difference, as the sampling interval.

In figure 2.2 for the two way conduction time pulse
wave form, namely the pulse wave conduction time
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(PTT).

0

Fig. 2.2.

Pulse wave transmission time diagram

C. Pulse wave transmission time and the relationship
of blood pressure

On pulse wave velocity, as early as 1808 famous
British physicist Thomas Yang ideal fluid elastic tube
wave propagation velocity formula is as follows:

EV
Co= 'Od (3

Type, E for wall of young's modulus of elasticity;H
as the wall thickness;D to balance the inner diameter
of the elastic tube;Is the fluid density [8].

Hughes puts forward and proves that the cross wall
pressure vessels and blood vessels have the following
relationship between modulus of elasticity:

7P
E=Eo€ (4)
Type of EO elastic modulus for pressure is zero, P for
blood pressure, a quantity for characterization of
vascular characteristics, its value from 0.016 to 0.018
(mm/Hg) [5].
In 1878 he made experiment for wave propagation

velocity, wave velocity formula is as follows:

Eh
cx \V /Pd (5)
Type of K for moens constant, for human aortic K =
0.8.

By type (4) and (4) the pulse wave velocity is the
function of blood pressure.

Pulse wave conduction time refers to the pulse wave
arteries in the body in the tree spread from one point to
far heart end another time, it also is often referred to as
PTT, expressed by the following:

5/
c=/T (6)

S for pulse wave transmission in the distance, T for

pulse wave transmission time.

Will type (4) type (6) into type (3), and arrange,
finally get the formula:

2
P2 uf 25" aur
7L (7

Derivative to get blood pressure change and the
relationship between the pulse wave transmission time,
formula is as follows:

AP = —iAT

T (8
Among them, says the changes of arterial blood
pressure value, represents the pulse wave transmission
time, said the quantity is a characteristic of blood
vessels [4].

That is, if blood vessels are elastic constant, then the
change of blood pressure and the relationship between
pulse wave conduction time is a direct proportion
relationship, and, in fact, for vascular elasticity this
parameter, in a short period of time, there is no big
change the value of the same people [4].So by
measuring pulse wave conduction time (PTT), the
changes of arterial blood pressure can be indirectly
calculated amount.

III INSTRUMENT HARDWARE DESIGN
System is mainly composed of sensors, adder pulse

circuit, A/D  data
microcontroller, data storage and display of six parts,

acquisition, the  master
HK - 2000 - b system based on piezoelectric pulse
sensor for the measurement of the pulse wave signal,
the design with the addition of multiplier circuit will
be gained by the pulse signal translation up, all in the
A/D signal voltage amplitude requirements within the
scope of using 16 bits serial A/D chip AD7656 for
two-way pulse signal synchronization sampling, the
chip can 2 channel acquisition at the same time [7]. PC
is the use of MATLAB software for the accurate
extraction of feature points (extraction method is based
on the pulse of the original signal method potter point
extracting method), pulse wave conduction time
calculation as well as the relationship between pulse
wave conduction time and arterial blood pressure
modeling, so as to realize sleeveless with blood
pressure measurements.
Overall system block diagram shown in Figure 3.1.



Liushuainan etc.: Based on the Pulse Wave Conduction Time Sleeveless Blood Pressure Measurement Instrument Design

Pulse wave sensor

Extern RAM

Overall block diagram of the system

Adder A/D

Adder AD

<}. .D

Pulse wave sensor

Fig.3.1

IV INSTRUMENT SOFTWARE DESIGN

A.Feature Point Extraction

Using pulse wave signal feature points extraction
and pulse wave transmission time calculation. Through
MATLAB to obtain the
waveform figure in different locations, the same time,

software same signal
the two lines of pulse wave signal and noise signal
analysis and processing, and USES the method of
original signal pulse potter collection point for the
extraction and more accurate calculation of the pulse
wave transmission time.
B.Modeling Of The Pulse Wave Transmission Time
And The Relationship Of Arterial Blood Pressure
Polynomial fitting method is used to establish
relationships with the model of the arterial blood
pressure pulse wave transmission time.
An arbitrary function according to Taylor, Taylor series

expansion for a polynomial, namely:

0 1 m
cavar—a,)=ax' +ax ++a,x )

So a polynomial fitting curve between blood
pressure and pulse wave transmission time, close to the
original curve and can be more accurately.

Will be collected blood pressure data and calculate
the coordinate difference one to one correspondence of
feature points stored in TXT documents, read
documents and systolic blood pressure, diastolic blood
pressure, and feature point coordinate difference
respectively in the three arrays, and using the pulse
wave transmission time as the independent variable,
with systolic pressure, diastolic blood pressure data
respectively as the dependent variable, respectively,
three times five polynomial fitting and polynomial
fitting and calculate the coefficient, draw the fitted

curve, and the fitting results compared with the actual
results.
(1) The fitting formula:

Based on the relationship between systolic blood
pressure and pulse wave transmission time:

HP=alxx’ +a@2xx" +a3xx+a4 (10)
Fitting coefficient :
al= 0373002  42=322.0839
a3= _197838  a4=1.4934

Diastolic blood pressure and pulse wave transmission

time is:
LP=bIxx’ +B2xx" +B3%x° +bAX +bE5xx+b6 (1)

Fitting coefficient :

bl= _11600785.9246 D2 =1982983.4213
b3 = 1264603704 D4 =3743.4202

b5 =_535216 D6=10545

(2)Curve fitting

kil cmmHg)

] 0.01 0.02 0.02 0.04 0.05 0.08 0.07
btiE (s

Fig.4.1 Systolic blood pressure and pulse transit time fitting

Figure

F KIE (mmHg)

a 0ot 00z iie) 004 005 0.08 0a7

R ()

Fig.4.2 Diastolic blood pressure and

pulse transit time fitting Figure
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C.GUI Interface Design

MATLAB GUI interface design.To realize real-time
serial communication of upper machine and lower
machine, data storage, the callback data and
human-computer interaction, make the system display

intuitive, simple to use convenient.

V.THE EXPERIMENTAL RESULTS AND ANALYSIS

A.The Experimental Results

(1) access to information, understand the development
of the noninvasive blood pressure measurement,
analysis and comparison of blood pressure
measurement method, design a noninvasive continuous
blood pressure measurement method.

(2) explained the pulse wave transmission time,
sleeveless with the principle of blood pressure
measurement instrument design.

(3) to complete the operation is convenient, and the
system is small in size, has a strong practical and
portable pulse wave measurement system research and
design of a prototype.

(4) using MATLAB software to design the algorithm
of the potter character extraction pulse point, establish
a more accurate relationship between pulse wave
conduction time and arterial blood pressure value
model, can continuous noninvasive measurement of
arterial blood pressure.

(5) MATLAB GUI interface is designed.Realized the
real-time serial communication of upper machine and
lower machine, data storage, the callback data and
human-computer interaction, make the system display
intuitive, simple to use convenient.

(6) after the system test and analysis, the blood
pressure measurement standard deviation is less than 8
MMHG, in accordance with the standard deviation is
not more than 8 MMHG AAMI recommended
standards.By the jilin institute of testing show that the
system of the pulse wave pulse range has reached
20-250 times/min, pulse wave precision reached
1.42%, reached 40-250 MMHG
pressure range, diastolic blood pressure range of
40-250 MMHG, average pressure range of 40-250
MMHG, precision of the blood pressure plus or minus
3 MMHG,
requirements.

systolic  blood

achieved the indicators of project

B.The Experiment Results Analysis
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From the experiment test and analysis results showed
that the system root mean square error is less than 8
MMHG, in accordance with the standard deviation is
not more than 8 MMHG AAMI recommended
standards.Using pulse wave transmission time and the
model test of the relationship between blood pressure,
the results are as follows:

(1) is proposed to fit in, mainly focused on using data
of diastolic blood pressure in 65 ~ 100 MMHG
interval, systolic blood pressure in 100 ~ 150 MMHG
interval, so fitting results are within the area between
smaller error [6].

(2) due to the relationship between pulse wave
transmission time and blood pressure are individual
differences, and the model used by fitting the data
contains only part of the human body health, so the test
(in case of high blood pressure, the error results in [3].

V1. EXPECTATION

In future work, the modeling results for the purpose
of this article and artery intubation presently used a
large number of clinical control experiment, and focus
on establishing hypertensive patients or hardening of
the arteries of the patient's pulse wave transmission
time and the relationship between arterial blood
pressure model, so as to correct the parameters of the
model  built Dby,
error.Suggestions can model respectively for different

mathematical reduce the

ages, different age paragraph the formula, so that more

targeted, the result more accurate.
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The research of speaker recognition technology
based on MFCC

HeYing; XuLijiao; ChenShaokang
(College of Instrument Science and Electrical Engineering, Jilin University, Changchun, 130061, China)

Abstract--Speaker recognition is through the speaker's voice feature to automatically identify the speaker's identity, which in
many areas have a very unique advantages and good prospects for development. Due to the development needs of the
application and digital signal processing technology, the speaker recognition technology research has been extensive and
in-depth development. Although the study of speaker recognition technology has gradually entered the practical applications,
but in the effective integration of the existing characteristic parameter extraction and new voice features and parameters for
the selection of the reference model is still hot and difficult research. This design simulation using MATLAB software
implements a speaker recognition system. Feature extraction, chose Mel cepstral coefficients (MFCC) and the first difference
as speaker recognition feature parameters collectively describe the speaker's personality traits. Aspects of recognition
algorithms, dynamic time warping (DTW) recognition algorithm, the algorithm uses the data used in the process continue to
amend the original template, so the template successive perfecting. Experimental results show that the characteristic

parameter extraction method proposed in this paper and its binding to its first difference can significantly improve system

performance with fast speed, small amount of calculation, the error rate is low.

Key words--Speaker Recognition Mel Cepstral DTW

L.INTRODUCTION

SPESKER recognition[1] is a technique that can identify
the speaker's identity by analyzing the speech signal.
The key is to accurately distinguish the characteristics
of different voice and its information content[2]. In the
1930s, Bell Labs proposed speaker recognition method
based on pattern matching and statistical analysis of
variance, mainly for the various identification
parameter extraction, choice, and the cepstrum and
linear prediction analysis method is applied to speaker
recognition[3]. Since the sixties of the 20th century so
far, with the digital filter, fast Fourier transform,
homomorphic signal processing, linear prediction
coding, vector quantization algorithm appear
constantly improvement, coupled with the popularity
of the development of microelectronics technology and
computer, research in this field has made rapid
progress in[4]. Speaker recognition research focus to
enhancement of speaker characteristic extraction and
separation, personality characteristics, to reflect the
speaker characteristics of acoustic parameters and the
new speaker recognition mode matching method, such
as dynamic time warping (DTW), principal component

analysis (PCA), vector quantization (VQ), hidden
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Markov model (HMM), artificial neural network
method (ANN) and the method of the combination
technology first-class.

The development of speaker recognition technology
today has decades of history, has made many
outstanding achievements, but there are still a lot of
difficulties, mainly as follows:

(1) there is no good way to put the speaker
characteristic from the speaker's voice characteristics
in isolated[5].

(2) with the speaker's characteristic length change
characteristic, will change with time and age changes.
(3) the sound recording is easy to imitate.

Based on the previous research, the key part of speaker
feature
discussed. Feature extraction using Mel frequency

recognition, extraction and pattern are
cepstral coefficients (MFCC). In terms of pattern
matching, dynamic time warping algorithm (DTW).
Finally, the
MATLAB.

system simulation software[6] in

II. THE PRINCIPLE OF SPEAKER RECOGNITION

Speaker recognition is divided into two stages:
In the
training phase by using a microphone input voice

speech training and speech recognition[7].
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command, and then the analog voice signal
pretreatment, to the digital signal processing of speech
feature extraction, after income characteristic
parameters to establish a corresponding speech feature
model library. After the completion of the training, to
enter the stage of speech recognition, through a
microphone input to be the recognition of voice
commands and to the speech signal pretreatment,

extracted speech feature parameters of the obtained

Voice input
—

Pretreatme feature

nt extraction

train

distinguish
——

after processing the digital signal, followed by

redeployment of speech feature model library
matching detection. If the distance between the
characteristic parameters of the speech and the
recorded parameters in the model base is not more than
the threshold value, then the original speaker is judged,
and vice versa. Its principle block diagram is shown in

figure 1:

pattern matching

=P Recognition result

¥

model base

Fig. 1. Principle of speaker recognition system

III. IMPLEMENTATION OF SPEAKER RECOGNITION

A.Extraction of characteristic parameters

Feature extraction is to extract the basic features of
the speech signal, which can be divided into different
speakers, and the change of the same speaker is
relatively stable.
a.Mel extraction (MFCC)

Feature parameters extracted from the speaker shall
meet the corresponding conditions: to outside variables
is not sensitive, such as the impact of the speaker's
emotional, stable for a prolonged period of time, often
shown; easy to measure, and other features. Among all
the parameters, the characteristic of the spectrum is
much more than other parameters, which can be used
to characterize the speech signal. Experiments show
that, in most cases, MFCC is better than that of other
cepstrum, the extraction process is divided into
preprocessing (sampling / quantization, pre emphasis
processing, feature extraction and windowing).

Mel frequency can be expressed by the following
formula:
Mel (f)=2595*1g(1 +L)
700
Type in the F for the frequency, the unit is Hz.

The specific extraction process of MFCC parameters
is as follows:

(1)Pre emphasis, Framing, Plus window:

Preconditioning is actually the voice signal through
a high pass filter:

H(z)=1- 1z’

The purpose of pre emphasis is to enhance the high
frequency part, so that the spectrum of the signal
becomes flat, to maintain the whole band in the low
frequency to high frequency, can use the same signal to
noise ratio of the spectrum. At the same time, in order
to eliminate the effect of the vocal fold and lips, to
compensate for the high-frequency part of the speech
signal is suppressed by the pronunciation system,
highlighting the high frequency resonance peak[8].

The pre emphasis signal is processed by the frame
and the window, and the time domain signal X (n) of
each speech frame is obtained.

(2)Fast Fourier transform:

Because only through the signal in the time domain
transform is usually very difficult to find that the signal
characteristics, so usually it converts the frequency
domain energy distribution to observe, different energy
different

characteristics[9]. Therefore, in the Hamming window,

distribution, can  represent speech
each frame must also go through the fast Fourier
transform to get the energy distribution on the
spectrum. Each frame signal on the window frame
after the fast Fourier transform spectrum of each frame.
The power spectrum of the speech signal is obtained

by the spectrum of the speech signal. DFT for voice

13
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signal:

N-1
X, (k)= x(n)e ** N 0<k<N
n=0
Type X (n) for the input of the voice signal, N, said the
number of Fourier transform.
(3)Triangular bandpass filter:

The energy spectrum through a set of mel scale
triangular filterbank, a M filter filter (filter number and
critical with a number of similar), using the filter for
triangular filter, the center frequency f (m), M = 1,2,...,
M is defined. M usually takes 22-26 (this system takes
24). The interval between the f (m) decreases with the
decrease of m value, and increases with the increase of

m value, as shown in figure 2:

{z)

fith O fN W fid 13t fit) 7

Fig. 2. filter bank

Triangular band-pass filter has two main objectives:
one is to smooth the spectrum and eliminate harmonics,
highlight the original speech formants, so a voice tone
or pitch is won't appear in the MFCC parameters, in
the MFCC as

recognition system, and not by the tone of the speech

other words, feature of speech

input different; second, can reduce the amount of
computation[10].

(4)The logarithm of the output of each filter bank is
calculated:

) = 1) X R0 < m< i

(5)obtained by the discrete cosine transform (DCT)
MFCC

C(n):Zs(m)coswxn:LZ,mM

b. Differential MFCC
The standard[11] parameter MFCC only reflects the
static characteristics of the speech parameters, and the
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dynamic characteristics of the speech can be described
by the differential spectrum of these static features.
Experiments show that the combination of dynamic
and static features can effectively improve the
recognition performance of the system. The calculation
of differential parameters can be used in the following

formula:

c -C.,t < ¢

t+1

¥
z k(CH-k - Ct—k)
k=1

t ,
BWE
k=1

C,-C,_,t >Q-K

t

, other

t

Formula, said the first t of the first order difference,
that the first t of the coefficient of the Q, coefficient of
the coefficient of the order of the coefficient, K said
the first derivative of the time difference, it is desirable
1 or 2,. The results will be the type and then you can
get the parameters of two order difference.
B.Dynamic time warping algorithm DTW

DTW is a nonlinear regularization technique which
combines time warping and distance measure
computation[12]. This technique is to find a time
warping function j= (I), the time axis of the test vector
is mapped to the time axis of the template J, and to

meet the function:

M
D =min) d[T(i),R(o(i))]
i=1

Where d[T(i),R(a(i))]is the first i test vector T (i)
and the first j frame template vector R(j) distance
between the test, D is in the optimal time of the regular
pattern of the matching path between the two vectors
[13].

Due to the DTW continuously computing the
distance between two vectors to find the optimal
matching path, so obtained is two vector matching the
cumulative distance minimum corresponding to a
warping function. This ensures that the similarity
between them, there are the maximum acoustic. The
essence of the DTW algorithm is the use of the idea of
dynamic programming, using local optimization
processing to automatically find a path, along this path,
between two feature vectors accumulated distortion
minimum, so as to avoid because of different length

and may introduce error.
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IV. EXPERIMENTAL RESULTS AND ANALYSIS

In accordance with the above method for feature

extraction and pattern recognition, the wuse of
MATLAB software programming, the use of computer
sound card recording, analysis of different thresholds

in the recognition of the effect. Recording environment

for the common room, recording sampling frequency
16bit, wav 44100Hz voice file for system testing. A
total of 3 men and women of the speaker, speech to
"open the door", each speaker recorded 30 times, 5
times for training, 25 times for recognition. Get the
following experimental results table under different
threshold:

TABLEI

Correct rate under different thresholds

threshold 1.00  1.05 1.10 1.15

1.20 1.25 1.30 1.35

False rejection rate (%) 80.0  63.3 533 40.0
False positive rate (%) 4.0 6.0 8.7 10.7
Correct rate (%) 580 654 69.0 74.7

26.7 6.7 6.7 6.7
14.0 18.0 22.0 24.7
79.7 87.7 85.7 84.3

From the test results, the recognition method is very
effective, the improved system has a high recognition

rate.

V. CONCLUSION

Based on the previous studies, this paper studies the
key technologies of the speaker recognition system. In
the feature extraction of speech signal, the Mel
frequency spectrum coefficient (MFCC) and its first
order difference. In the recognition algorithm, dynamic
time warping algorithm is adopted and implemented.
Finally, a speaker recognition system is built by using
MATLAB software simulation and GUI function,
which includes speaker training module and speaker
recognition module. The program has friendly
interface and convenient operation. Through testing
and adjusting the recognition threshold, the system
achieves the ideal recognition accuracy.

The function of the system has strong portability, if
the further perfection and improvement, widely used in
the financial system, computer information and
network security, especially in the field of intelligent
building and identity authentication and access control

management aspects.
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Study on Automatic berthing model based on fuzzy
control

Qiu chun-ling; Bai yu-xin;Wang kai; Gu jia-yue

(College of Instrumentation & Electrical Engineering Jilin University, chang chun,130022,china)

Abstract--Automatic berthing system is a kind of environment through the information collection around to find suitable

berthing vessels, automatically enter the position control system..According to the automatic berthing method time-consuming

problem in foreign and domestic ,there is an urgent need to develop a can effectively realize independent berthing, good system

stability system. Combined with the actual of berthing motion model analysis, design of vertical, parallel, oblique three

berthing fuzzy controller whose the simulation and verification were performed in the Matlab/Simulink. According to the

proportion of each component of ships, design a model to make a automatic berthing test by using ultrasonic distance

measurement to obtain the surrounding environment data technology and converting to C code. finally, the test results show:

the system can effectively realize independent berthing, and provide a theoretical reference value for the further research and

development.

Key words--Automatic berthing system; fuzzy control; ultrasonic

I. INTRODUCTION

AT present, the small vessels in the docking is
generally more than manual operation, control of the
ship, others use the rope will be fixed on the shore of
ship, this way is very time-consuming. For middle and
small boats, most tourists themselves unable to fix in
the mooring rope pole, so the bank should have a fixed
responsible person[1]. In recent years, domestic and
foreign existing related automatic docking solution,
one of them to ship automatic berthing terminal
magnetic mooring device, ships berthing, when the
suction cups on the ship and the wharf steel plate after
absorption, start the hoist, steel cable tension magnetic
chuck make the ship on to the wharf. Although this
way solve the problem of the specialist unattended, but
magnetic distance of demanding problems, so the ship
should have very precise positioning system, not only
need to aim at hull magnetic device, but also to the
driver's technical requirements is very high, and the
device need to consume a lot of energy, currently only
be put into use on a large ship[2]. Through the analysis
of present situation, level of technology at home and
abroad while part can realize automatic docking,
however, is very tall to the requirement of technology
of human and crew. The author in view of the existing
technology time-consuming deficiency, such as

research and design a oblique lines and vertical lines,

parallel three docking fuzzy controller, and through the
ultrasonic distance measurement, image processing
technology to obtain the environment data, effective
and stable to realize the automatic docking, provides a
theoretical reference value for further research and
development.

II. THE SYSTEM OVERALL DESIGN
System consists of signal acquisition, data analysis,

result output three main parts[3-4]. System design is
shown in figure 1.

Signal acquisition

Ultrasonie module — -’l Steering motor — steering engine

The power Freescale

- o -)l Power motor |ﬂ

o]

The date analysis Results output

management module

Language module A= - Image

acquisition

Fig.1system diagram
Ships passing docking position, ultrasonic module
receives the environment information, so as to identify
and storage information of the scale of the position,
establishing docking area map and automatic docking
way choice. K60 control steering motor driver module
output PWM wave to dc motor to control the boat.
Motor driver module through the output PWM wave to
drive dc motor control the boat forward and backward.
Ultrasonic module to collect environment information

input to K60 controller, forming PID closed-loop

17



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2016

control, precise control of ships to completed into the
position. Docking process, camera to collect the stern
surface image information, and displayed on the
monitor screen of a ship or wirelessly transmitted to
the ground. When found the suitable position and at
the end of the docking, voice modules for voice
remind; When the ship and obstacle distance is too
close, voice modules for alarm to remind, and with the
minimum distance of obstacles of ship and more and
more close, alarm frequency will be more and more
high, make the system more intelligent.

III. THE SYSTEM HARDWARE DESIGN

A. Ultrasonic ranging sensor module

System USES eight ultrasonic device are all placed
in the model ship environment measuring device,
position in the environment can be precise positioning,
ensure the reliability of the system. Ultrasonic module
and the hardware structure of the ultrasonic module

hull distribution as shown in figure 2, 3:

Sensor 1 interface cireuit

{Transmission circuitt=y signal T

Power supply module

Freescale
K60

| receiving circuit =] signal

I Sensor 2 interface circuit ]<:=:>

| Sensor 3 interface circuit |¢ﬁ

Uo 23|35 Josuas ay |
Y

=1 signal —

| Sensor 8 interface circuit k:,')

Fig. 2 Ultrasonic module hardware structure chart

Ultrasonic range-finding sensors one Image acquisition module

Ultrasonic range-finding sensors eight

Ultrasonic range-finding sensors two

Ultrasonic range-finding
sensors seven

Ultrasonic range-finding
sensors four

Ultrasonic range-finding
sensors five

Ultrasonic range-finding
sensors six

Fig. 3 the boat distribution of ultrasonic ranging system
B.Power motor and steering motor drive control
circuit

Dc motor drive circuit is mainly used to control the
motor and steering motor steering and speed. By
changing the voltage polarity at the ends of the dc
motor to control the motor to[5]; And control the speed
of the dc motor has a different approach, the general
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method is by changing the PWM duty ratio control.
L298N motor driver circuit completely meets the
requirements. Motor drive control principle diagram as
shown in figure 4.

§ —————={ N4 OUTI b5 1
: OUT2 P43 2

- ENA OUT3 p [} 3
- ENB  OUT4 | ‘

1 ISENA [

3 8 3 15
2 1 o> 1sENB %_
ER =
GND

Vss

Fig. 4 Schematic control diagram of motor drive
IV. THE KINEMATICS MODEL OF MODELING

A.Steering principle modeling

In order to study the law of ship motion trajectory,
the boat kinematics model is established, the model in
order to effectively solve the automatic docking
process. Is the ship into a rectangular rigid body can be
turned to, boat on the basis of the principle of steering
trapezoid kinematics model is set up[6]. For the boat
model in this paper, we study, it can be simplified to
"bike" model, after ignore water resistance, midpoint
between front axle and the boat model for reference to
describe the movement of the ship. For the purpose of
this article research the ship steering model as shown
in figure 5:

Y
(xLyl) B

(x2,y2)

Fig.5 steering model
In the x, y in the two-dimensional plane, (x2, y2),
(x1, yl), respectively model of ship rudder, rear axle
midpoint coordinates; Beta model ships sailing
directions and angles; Alpha said model ship hull
course Angle (hull and x axis Angle); L said model
ship "axis" from; V model ship speed. Ignore the

natural environment such as water influence on ship
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motion model, simplified model of the ship motion

equations as follows:

xl=vcosacosf
yl=vsinacosf

a=vsina/l/

Analysis equations available: speed is slow, model
ship of rear axle center trajectory for a circle (in the
actual process due to the nonlinear effects such as
water, wind and other natural factors, model ship rear
axle center orbit is an ellipse). Design according to
actual ship parts scale model ship and its experimental
environment, and the boat kinematics model is
established in the Matlab/Simulink, for the following
automatic docking provides the necessary theory basis
for fuzzy controller design.

B. The Fuzzy Controller Design

Fuzzy control is using the theory of fuzzy
mathematics basic thoughts and methods of control.In
the field of traditional control, the accuracy of the
control system dynamic model is the most important
factor affect the performance of control, system
dynamic information is more detailed, the more able to
achieve the purpose of precise control[7]. But for too
complicated or difficult to accurately describe the
system, the control is not ideal.So try the method of
fuzzy mathematics to solve these complex
problems,Automatic docking fuzzy controller design
including the oblique line, vertical and parallel three
docking model design,Due to the principle of three
kinds of design schemes is roughly same, docking with
the vertical line as an example to explore the design of
fuzzy controller.The fuzzy control principle diagram of

model ship is shown in figure 6.

The fuzzy controller

Language rules

Fuzzy

b AzzEng at)]

Auuenb magp ay

Aumnb aeaya ay
Anuenb Azzng ay],

fuuenb Azzng ay]

l.ﬂ\]l &)

qus wiSpn [ Kz arp |

[o[uUod (14

reasonin

Bumsosord ajee]
1070 11 Sues)g

B "
[Environment acquisition

Fig. 6 Fuzzy control principle diagram
Including fuzzification, fuzzy reasoning, fuzzy
judgment, motivation and language rule five parts of
fuzzy controller[8-10].Freescale controller through the

following three processes to achieve fuzzy control.

(1) By ultrasonic ranging sensor module for model
ship distance barrier, the calculating model of ship
position and Angle, sampling to data preprocessing,
blurred.

(2) According to the fuzzy control rules of language,
combined with the crew daily docking experience
every fuzzy quantity calculated.

(3) To analyze the fuzzy quantity, after the motivation
to give a good indication of the output dc motor driver
module, the control model of ship steering, forward

and backward.
V. CONTROL PROGRAM DESIGN

Download the fuzzy controller to form c code to
freescale microcontroller, the automatic docking
system, choose appropriate docking way, according to
the actual surface ultrasonic ranging sensor measured
data will be input into the freescale microcontroller,
control model of ship steering, retreat, automatic
docking.The flow chart of control program are shown
in figure 7.

l Ilv, start the automatic docking s_\'stzm‘

m Automstically choosz docking way

|
LD| Open the video I I The data collacti I

I Fuzzy control docking |

L]

Fig.7 control program flow chart

V1. TEST AND ANALYSIS

This design docking system based on fuzzy control
is established, the crew with the actual
operation experience, according to the ultrasonic
sensor to determine the model ship back axle center
coordinates and the boat heading Angle, initial

model
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position and under the environment of
matlab/Simulink simulation.The model car conductor 1
=420 cm, car 11 = 160 cm wide, wheelbase 12 = 240
cm, position = 200 cm wide, position = 500 cm long,
figure 8 is vertical the docking process simulation in
matlab.Ships in the process of simulation, on the basis
of the above algorithm to pour ship proved the

rationality and accuracy of fuzzy controller design.

Fig.8 automatic docking Matlab simulation results

At the same time to five models of the same size as
a reference for ships, according to the actual dock size
proportion design of position, the reserved empty
position between the two reference ships in the
middle.Test, model ship is perpendicular to the
position straight from right to left, found an empty
position after a distance to stop down, back into
position. Change model ship and the position of
vertical distance, observe whether the model ship into
a success, and in time.Test results are shown in table 1.

Table 1 docking test table

Test times | 1 2 3 4 5 6
In a time 292 | 273 | 304 | 332
t/s

The 10c | 20c | 30c | 40c | 50c | 60c
vertical m m m m m m
distance

Whether No No Yes | Yes | Yes | yes

or not

complete

By the test results can be seen that model ship hull
after an automatic docking system with the position of
the vertical distance of 30 cm is the best (ships 30 cm
in length), lower than this distance is the boat does not
have enough space to realize the large Angle turning
back into position, higher than this distance model ship
all can realize automatic docking, high precision and
good stability.But as the horizontal distance increases,
the docking time longer, lower efficiency.

VIL.CONCLUSION
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Design of the automatic docking system, not only
can complete the model ship automatically search for
the minimum empty position, and USES the fuzzy
control method to complete three different docking
way of docking, also USES the voice module
implements voice remind, and with the minimum
distance of obstacles of ships and getting closer and
closer to remind the sound frequency is higher and
higher, and displayed on the onboard display ship back
at the stern of the surface condition, make the
laboratory docking system model design more human,
intelligent. For ordinary ships r&d automatic docking

system to provide more theoretical basis.
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Design and implementation of intelligent voltmeter
variety of detection method

Qian Chenghui; Bin Kangcheng; Zhang Hanliang; Song Jibin
( College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026, China)

Abstract--This article is designed voltmeter to type ARM 32-bit RISC processor for the control of the core, using the

hardware circuit detection means, to achieve the AC signal peak, RMS and any periodic measurement of the average, and to

achieve measurement automation. Join in the software to Extreme average filtering algorithm, filter out the obvious glitches

and minor random noise is suppressed. The table can be measured signal frequency range: 1Hz ~ 1MHz, amplitude range:

0.1V ~ 10V, the measurement results of the relative error is less than1%. This voltmeter small size, light weight, easy to carry,

the voltage signal measurement greatly expanded market multimeter functions.

Key words--Voltmeter; detection methods; detection waveform; band; digital filtering algorithm

0 INTRODUCTION

AT present, the market of digital multimeter AC
voltage profile using the average detection principle,
can only measure the distortion sine wave signal and a
narrow band of operation[1-4].Waveform detection,
detection limits and working bands, affecting the use
of digital multimeter. In order to obtain more
comprehensive information voltage signal, AC voltage
measurement should achieve peak, average and RMS
detection function[4-8].

This article is designed voltmeter using a variety of
detection methods to achieve any measure of cyclical
AC signal the peak, average and RMS. System
operating band of 1 Hz ~ 1 MHz, the measurable
signal amplitude range: 0.1 V ~ 10 V, fully automated
measurement process, the measurement results of the

relative error is less than +1%.

1 OVERALL DESIGN FOR SYSTEM

The overall design scheme of the system shown in
Figure 1, which consists of the protection circuit,
signal conditioning modules, the peak detection circuit,
RMS detector circuit, the average detection circuit, A /
D, ARM processor, LCD and power modules and other
components .Figure 1 Overall system block diagram.
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Fig.1 Systematic block diagram

To prevent damage to the system input signal is too
large, the first test signal through the protection circuit;
signal conditioning module comprises a voltage
follower, programmable low-pass filter and amplifier
circuit, amplification or attenuation of the signal peak
value is determined by the multiples to achieve the
measurement process automation; signal conditioning
after the peak detector circuit, and average RMS
detector circuit detecting circuit into a corresponding
analog signals, analog signal by the A / D conversion is
stored in system memory, CPU voltage signal is
converted to digital was digital filtering and peak RMS
average value of the measured signal and filtered on
the LCD; the machine uses a battery-powered, with the
use of portability.

2 HARDWARE DESIGN

2.1 Pealk detector circuit

Figure 2 is a schematic diagram of the peak detector
circuit. When the input voltage has not reached the
peak, the diode DI is turned off, D2 is turned on,
before the signal passes through the operational
amplifier A1 charging the holding capacitor C1, DI
due to the shutdown, after the op amp A2, D2 and
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resistor R1 constitute a feedback path, so that the front
maintained between the input of op amp Al "Virtual
Short", and because "Virtual Break" so that no current
flows through the (voltage of 0 V), can be regarded as
a short circuit on the R1. Al, A2 composed of a
voltage follower, so that the output terminal voltage
tracks the input terminal voltage A2 of Al.

When the input signal from the peak fall, before the
output voltage of the operational amplifier A1 becomes
smaller. When the voltage drops to a voltage holding
ratio h capacitor C1, D1 conduction, D2 off [12]. Since
no holding capacitor C1 discharge circuit, so Ucl
remained at the peak of the input signal, and because
after the op amp A2 "Virtual Short", Uout = Ucl,
enabling signal peak detection.

1
ITc3zopF
| —
—
Rl 1k

D2 1N3064

N
|/|C1—L

0.01 pF

Figure 2 Peak detector circuit schematics

In order to eliminate the input offset current and
maintain stable operational amplifier A1 of the front, in
the D1 and R1 in parallel with a capacitance of 39 pF.
After the first op amp feedback op amp access path Al
and A2 diode D2, eliminating the error by the voltage
drop after the op amp's input offset voltage A2 and D2
on arising. Because the signal frequency range of 1 Hz
~ 1 MHz, the former peak detector circuit operational
amplifier A1 must be large enough and strong enough
slew rate of capacitance drive capability, in order to
play the role of trapping voltage peaks. In order to
avoid pre-amplifier Al in the nonlinear area, select
ADI produced low noise, 1 GHz FastFET ADA4817
operational amplifier as a pre-amplifier Al. ADA4817
the -3 dB bandwidth of 1050 MHz, slew rate of 870 V
/ us, fully meet the needs of the circuit design.

After the operational amplifier A2 must have high
input impedance, acting as a buffer between the
holding capacitor C1 and output, prevented by R1 and
the load caused by the discharge, as the selection OP37
op amp A2.

Junction capacitance diodes use less than 1 pF,
reverse recovery time of 4 ns fast recovery diode
IN3064, thus ensuring the high-frequency signal peak
detection.

2.2 RMS detector circuit
According to the definition of RMS voltage

l]rms=1/%J;)Tu2(t)dt (1)

RMS voltage detection principle is shown in Fig3. It

equation:

is mainly composed squarer, integrator and prescribing
composed, it can be realized using analog operation
circuit detection voltage rms, and specific detection
circuit shown in Figure 4.

ﬁ[ u’(z) —> %J-Oruz(t)dt —PW ﬁﬁ”

Squarer

Integrator rooter

Figure 3 RMS measurement block diagram

First, the use of analog multipliers squaring the two
inputs of the signal multipliers access to output u2 (t).
Then use the op amp integrator circuit implementation
average of time. Finally prescribing circuit consists of
op amp and a multiplier for the output of the integrator
root operation, to obtain the square root, the final
output of the op amp voltage value of the measured
signal is the RMS[4].

ADI's analog multiplier select produce low noise,
four-quadrant voltage output analog multiplier AD835,
it is only the product of noise (50 nV / VHz), - 3 dB
output bandwidth of 250 MHz, 0.1% of full scale
settling time of only 20 ns, suitable for high speed
multiplication, division, squaring, meets the design
requirements of the system broadband, small signals.

1 @
-5

4
1

X2 Y2
Y1

VP VN

- Ul =
R4 10k ADS835

cillor e

Figure 4 RMS measurement block diagram
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2.3 Average detector circuit

In electronic measurement, the average voltage is an
average post-detection, that is full-wave average.
Therefore, the signal must first go through the
full-wave rectification circuit converting an absolute
value, and then filter to elect its DC component,
enabling the detection voltage average [5]. The specific
circuit shown in Figure 5.

Operational amplifier Al constitute a half-wave
rectifier circuit, for a positive polarity signal, the diode
D1 off, D2 conduction, the output voltage half-wave
rectifier circuit is -2Uin; for negative signals, the diode
D1 is turned on, D2 off, half-wave rectifier circuit the
output voltage is zero [14].

Constitute a reverse amplifier A2 summing circuit so
Uout = - (Uin + UA1), namely Uout = | Uin |, to
achieve full-wave rectification. A2 op amp feedback
resistor RS in parallel with a 330 uF end and a 100 pF
capacitor constituting mean filter, and make Uout | Uin
| proportional to the average value, in order to achieve
the detection signal average.

11
RI1kO 1F'c2 100 pF
Uin — — — +]|
Pl T Tk T 00 IFcT 330
o R11kQ R21kQ R3500Q 01
BNC
= D2
GND IN3064 il
RS 1k

Figure 5 The average value of a measuring circuit

3 SOFTWARE ALGORITHMS

Measured AC voltage signal by the detection circuit
after the conditioning module and converted into a DC
voltage signal, a DC voltage signal is converted to
digital by analog-voltage signal. To avoid
measurement errors and interference from external
amplitude pulse train into the instrument caused by
random interference, the need for analog-digital
conversion after the data for effective data processing,
but also the design of instrumentation essential part
[15]. As used herein, nonlinear filtering algorithm to
Extreme average filtering algorithm designed to
overcome the

small-amplitude  high-frequency

electronic noise and interference A mutation due to

24

external factors caused by A / D quantization noise.
Extreme to the average filtering algorithm flow chart
shown in Figure 6.

Extreme to average filtering algorithm: continuous
sampling N times, removing its maximum and
minimum of the last strike arithmetic average
remaining N-2 sample data. Wherein Si is the i-th
sample value, A valid data filtering algorithm for the
final after.

In frequency Instek AFG-2225 signal generator
company output is 1 kHz, the amplitude range 0.1 V ~
10 V sine wave signal as a reference source, the
measurement accuracy were tested before and after the
filtering algorithm was added, the accuracy reflected
by the relative error . The test results shown in Figure 7,
wherein the dotted line represents a measurement is
added before filtering algorithm relative error, a solid
line indicates the measurement was added after

filtering algorithm relative error.

First sample S,
Max=Min=Sum=S,;

le
Sample S;

Sum = Sum + §;

Sum = Sum - Max
Sum = Sum - Mim

A=Sum/ (N-2)

Figure 6 Extreme program flow to the average filtering
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o result before adding filtering algorithm
result after adding filtering algorithm
15} /-ﬁ*\‘/t’”"“

N
T
Suy

Relative error / %

RN

1 1 1
0 2 4 6 8 10
Amplitude / V

Figure 7 Before and after the filtering algorithm was added to
the average relative error extreme value contrast curve

As can be seen from Figure 7: Relative error
filtering algorithm was added before the test results is
less than £+ 2%, after adding filtering algorithm test
results relative error is less than £ 1%. The test results
can be obtained: Extreme average filtering algorithm to
filter out the obvious glitches and minor random noise

is  suppressed,

thereby reducing the random

measurement error and improve the accuracy of

Digital multimeter test -------- The voltmeter peak detector
4.
R 2f
S
)
(o]
=
=
@ 2f
4 1 1 1 1 |
0 2 4 6 8 10
Amplitude / V
(a)
15¢

10t

Relative error / %
(4]

Amplitude / V
(c)

measurement results.
4 THE OVERALL SYSTEM TESTING

System testing using Instek AFG-2225 company

measurement  reference  signal
and AC

measurements market DMM comparing the test results

generator,  the

measurement  results voltage profile
by the relative error representation.

Comparative test curve shown in Figure 8, (a), (b)
and (c) are a frequency of 1 kHz, the amplitude range
0.1 V ~ 10 V sine, triangle and square wave signal to
make the test curve , it can be seen from the figure: a
digital multimeter AC voltage sine wave profile can
only make accurate detection, and can only be
measured RMS signal. The article is designed to be the
peak voltage meter, RMS and average value of any
periodic signals to make accurate detection and

measurement of the relative error is less than +1%.

The woltmeter RMS detection ————— The average detection
4.
=
S
)
(]
=
=
[}
4
_10 1 1 1 1 I}
0 2 4 6 8 10
Amplitude/ V
(b)
40
20+
f 0 g0 000 0 — -4 00000
2 20t
[}
2 4ot
=
o 60t
[v4
80+
_1000 A1 Az ‘3 A4 A5 AAA"G
10 10 10 10 10 10 10
Frequency / Hz
(d)

Figure 8 (a): 1KHz sine wave signal test data comparing the curve, (b): 1KHz test data comparing the triangular wave signal curve, (c):

1KHz square wave test signal contrast curve data, (d): the frequency characteristic curve data comparison test

Figure. 8 (d) is the amplitude of 1 V, a frequency of
1 Hz ~ 1 MHz sine wave signal to make test curve, it
can be seen from the figure: AC voltage profile
detection narrow band digital multimeter, can only
relative error of 40 Hz ~ 10 kHz signals to make
accurate detection,

and this article is designed

voltmeter has good frequency characteristics, which
may be of 1 Hz ~ 1 MHz signals to make accurate
detection and measurement results were less than =+
1 %.

5 CONCLUSION
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This article is designed to measure the peak voltage
meter intelligent arbitrary periodic AC signal, RMS
and average operating frequency band of 1 Hz ~ 1
MHz, the measurable signal amplitude range: 0.1 V ~
10 'V, fully

measurement

automated measurement process,
than +1%.
which

significantly improves the detection frequency band,

relative error is less

Compared with the digital multimeter,

increasing the detection mode extends the detection
waveform can be more fully reflect the characteristics
of the voltage signal, and having a stable, practical,
small size, light weight, easy carry.
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Multi-Input DC/DC Topology Model for
Complementary Clean Energy Generation System

Zhao Zibo; Ding Sibao; Zheng Bowen

(jilin university instrument science and engineering institute,changchun, 130021 )

Abstract--This paper proposed a voltage stabilized topology model of multi-input DC/DC based on buck circuits in terms

that the prevalent multi-input DC control algorithm had been relatively complicated , because the complementary clean

energy generation systems have characteristics of intermittent and random. The model can steady voltage in any value of input

voltage, providing relatively simple control methods, to ensure stable load and improved the efficiency of generating electricity

of clean energy. This paper analysed the theory of the model, simulating the three-input circuits of model validation in Matlab

software and carried out the experiments by using an input of solar and wind energy. It proved that the topology model not

only had plenty of advantages of buck circuits, but also achieved a better use of complementary energy in complementary

clean Energy generation systems with multi-Input DC/DC circuit and improved the stability and feasibility of the output of

systems.

Key words--Complementary clean energy; topology model; DC/DC; buck circuit

I. INTRODUCTION

NOWADAYS, as the dwindling of fossil fuels, compared
with the
shortcomings , such as low efficiency and serious

traditional thermal power, there are
pollution .Wind power, solar power, and other forms of
renewable energy power generation have become more
and more favored by people, it is the main subject of
global research. Solar and wind energy and other
forms of clean energy generation due to the wide
variety of sources, stability is relatively high, has
become the development of better forms of electricity
generation [1]. Single clean energy generation by
natural factors greatly constrained, so people put
forward a Multiple-Input Converter (MIC), instead of a
plurality of single-input DC converter [3], to achieve
energy conversion.

Depending on the variety of ways to connect the

energy source, MIC is generally divided into two types:

(1) sharing power supply type: any time are only one
input power source to the load. (2) simultaneously
powered: more energy input simultaneously, when the
power supply to the load can be combined to be a
separate power supply. With the recent development of
the MIC, MIC greater variety of circuit topologies
have been proposed [3-9]. The paper[3] proposed a
dual input Buck topology, this topology is simple, not

only to enter a separate power to the load, you can also
power to the load. In the paper [4] ,Luo Quanming
proposed a multi-input high boost topology, the
topology of simple control, low voltage stress of the
switching device. The paper [5] introduces a two-input
flyback DC / DC converter, the use of conventional
electrical isolation transformer to resolve the issue, but
also enter either work individually or simultaneously.
The paper [6] describes a suitable low voltage source
input topology.

The MIC mentioned above , their circuit voltage
have more complex relationship between the input and
output voltage. So to absolve this problem, this paper
proposes a multi-clock input DC / DC regulator
topology model. The topological model is applicable to
replace the DC transmission bus in wind and solar
power generation system, not only achieving Buck
circuit operated an energy input of electrical energy,
but also for a variety of clean energy generation series
regulator under way to facilitate the output voltage
amplitude  controlled more

energy storage

conveniently.

II. THE BASIC PRINCIPLE Buck TOPOLOGY

Traditional single input Buck chopper circuit
principle of the circuit shown in Figure 1.
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i CLd *‘

Figure 1 Single - input Buck step-down chopper circuit

On the basis of the ideal circuit analysis,
assumptions: (1) provided in the inductor current iL is
the continuous transformation; (2) the capacitance is
large enough to do, in order to ensure that the output
voltage of the text of the wavelet zero; (3) Suppose
circuit switch capacitor and inductor is used as the
ideal device, ignore the effects of parasitic elements;
increased conduction (4) assume the switch and
turn-off waveform and fall time is zero. Suppose when
t = 0, V switch is turned on, UGE represents the
voltage between the drain and gate switch, ie a driving
voltage switching tube. When the switch is turned on,
the power flows through the switch, inductor and
capacitor to supply the load, the power supply current
flows shown in Figure 2, flowing through the load
current io exponentially rising trend. When each
component parameters match, io final output will
reach the input voltage, that is, at a time t = t1 before,
Uo = Uin.

iy

LT T

Figure 2 Circuit current flows when the switch conduction

When t = tl, UGE from high to low voltage, V
control switch is turned off, this time due to the effect
of having a freewheeling inductance, the load current
will continue to circulate along the diode VD, while
continuing to ensure that the output voltage of the
storage capacitor load current exponential curve trend
down until the next V switch is turned on. Figure 3 (a)
is a waveform UGE conducting switch V; Figure 3 io
waveform (b) flowing through the load
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Figure 3(a) The waveform of voltage between Gate and Drain
(b) Output current waveform
According to FIG. 3 io output waveform, the
average within a period of the output voltage is:

U, = %fOT U(t)dt (1-1)
1 T di T di
Up==lfy Win—LZD+ [, L] (12

Wherein in the formula (1-2) o is duty ratio of the
drive signal switch, namely:

t t
o =fn_ _fon (1-3)
T Tontlofr

Since the device is an ideal model of the circuit

element, the output voltage reduces to:

1 t
U.==t..U:.. = __on
(o] on*“in
T tonttoff

Ui = ali, (1-4)

Clean Energy Generation System Multi added
storage batteries, either store excess energy, but also to
ensure that when the power is limited to the load to
provide power [10]. When the voltage at the load
contains energy storage components, energy storage
element is equivalent to a back electromotive force,

then the equivalent circuit shown in Figure 4:

DC

Figure 4 The equivalent circuit comprising the counter
electromotive force when loading
When the switch is turned on in the period V, load
current is set i0=1, you can list the following equation:

di,

Ldt

+Rip, +E, =U;,  (1-5)

Wherein the formula (1-5) Em is the equivalent
voltage of the energy storage element. When the set
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switch is turned on t = 0, the initial value of the load
current is 110, the time T =L/ R, into the formula (1-5),
formula (1-6):

. ! Ujp—Em _t
g1 = Iloe T+ T(l —e T) (1'6)

When the switch is turned off, the load current is set at
this time i02, at this time are listed according to the
following equation KVL:

dig;

I"dt

+Ripy + Ep =0 (1-7)

Let the initial shut-off switch value 120, into the above
equation, can be obtained at this time is the load
current 102 is:

_t-ton
log = Iye =

t-t

—m(1-e ) (19)

Since the inductance effect, so in this case the load
current is continuous, according to FIG. 3, the
relationship can be obtained:

l1p = i02(T) (1-9)

I30 = 161(t1) (1-10)
That switch V into a conducting state and the initial
value of the switch current value V in the off state of
the initial value. According to the formula (6),
equation (8), the equation (9) and Equation (10) can be
introduced 110 and 120: [11]

t1
et —1 Uin Em

I10 =\T | s T o
ot —1 R R
e%P—1 Uin
== —my e (1-11)
_t
L= l1—e =t Uin Em
20—\~ T | ™o  p
1—eT R R
1—-e~@P Uin
= (s -myin (1-12)

In the above formula, ¢ =T /1, m = Em/ Uin.
According to Figure 3 (b) known in 110 and 120,
respectively, for the minimum and maximum load
current, based on the formula (1-11) and Equation
(1-12) Taylor series expansion analysis, you can get:

(a—1)Uip
R

=1, (1-13)

L= Iy =

It can be concluded that the inductance L infinity, the
maximum and minimum load current is approximately
equal to the average of the load current lo.

[IT. MuLri-invuT DC / DC BOOST TOPOLOGY

MODEL

Since the multi-input complementarity between
power generation system to produce clean energy is
isolated from each other, so the voltage of each power
generated by the system can be connected in series or
parallel with each other. FIG. 5 is a multi-input DC /
DC regulator topology model, model In_DCI1, In_DC2,
In_DCn represent the input voltage, V1-Vn represents
each input corresponding to the MOS transistor,
VDI1-VDn is corresponding to each input circuit of the
diode.

B AR7

Figure 5 Multi-input DC / DC boost circuit topology

As shown in figure 5, when any input, through the
opening of the input MOS transistor and diode in
series constitute the input voltage, input as a whole
Buck circuit, relying Buck circuit form, a plurality of
input voltages whole buck.

For n input j has any input voltage condition is met,
the output voltage Uo size:

U, = aX_,In.DCn(i)  (2-1)
Where a =ton / T.

Which can be constructed input relationship, the
only way for the first series in the load drive voltage
MOS transistors, open the corresponding separate
input circuit of the MOS transistor, each input rely
freewheeling diode. Figure 6 is In_DC1, when MOS is
a schematic view of the current loop In_DC2, In_DCn

three transmission depressed.
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In_DCn Vn L /N vbn
L',
I

-
i

Figure 6 The current loop of three-input

In the control circuit, as long as the input voltage
detection and analysis of the input voltage, the input
voltage is determined voltage in series form the
corresponding single or multiple synchronous drive
voltage MOS tube loading. By adjusting the duty ratio
of the driving voltage waveform to adjust the size of
the output voltage, the output voltage stability.

IV. EXPERIMENTAL DATA

Since the current widespread use of clean energy
power generation will be limited by natural conditions,
DC proposed / DC regulator topology model for the
use of a variety of clean energy generation or more
clean energy generation systems, in order to verify this
design MIC circuit, using the MATLAB simulink
simulation circuit MIC and produced a small
three-input power, the use of solar panels as the three
three-input voltage. FIG. 8 is a three-input DC / DC
regulator circuit simulation simulink the topology

model.

)

o

Figure 7 Three-input DC / DC buck topology model simulation
Figure

FIG. 9 is a simulation results. Wherein (a) is a

driving waveform; (b) simulation of the input and

output voltage.
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Figure 8 (a) The voltage waveform of input and output (b) The
trigger waveform of MOSFET

Experimental set up a three-input low-power DC /
DC boost topology model, inductance is 120uH, use
2200uf capacitive,51Q load resistor and DC power
supply as input voltage. Figure 10 (a) are MOS tube
drive voltage waveform; (b) the voltage waveform
between the drain and source of the MOS tube; (c) for
the output voltage waveform.
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Figure 9 (a) The output voltage (b) The trigger waveform of
MOSFET (c) The voltage between the drain and the source of
MOSFET
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V. CONCLUSION

Multi-input DC / DC boost topology model in

practical  applications, not only to ensure

complementary clean energy generation system

stability of output voltage but also power generation
efficiency can be improved. At the same time, the
topology model in any input enables can stable voltage
output, and the system control algorithm is simple for
output voltage and input voltage relationship clear.
This model will ensure efficient work in the clean
energy power generation system.
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Workpiece Dimension Measurement Based on
digital Image Processing Technology

Ling Zhenyou; Ling Chenyu; Deng Shengzhong

(jilin university instrument science and engineering institute,changchun, 130021 )

Abstract--With the popularity of computers in various fields and technology continues to improve, the intelligent level of

metal workpieces manufactured in China is also growing. For the shortcomings of the current workpiece dimension

measurement, were studied by means of digital image processing technique to measure the dimensions of the workpiece. Using

MATLAB to design an intelligent measurement system of workpiece size, the device consists of camera systems, data

transmission device, image processing system and other system components. Applying the principle of indirect measurements,

calibration using standard reference material, and then to measure the actual size of the workpiece.

Key words--Digital image processing  Industrial camera

I. OBJECTIVE

WOKPIECE dimension measurement is an essential step
in the production process of workpiece,workpiece
dimension measurement in many places still use
mechanical measuring, precision has some errors and
inconvenient, especially unable to automate the
measurement process, needed someone in custody.
Therefore,given a workpiece dimension measurement
system based on digital image processing technology.
The system through the industrial camera images and
automatically measuring of workpiece and can record
off size of the workpiece. This system is convenient for
monitoring the production quality of the workpiece,
and saves the human and material cost.

II. RESEARCH SIGNIFICANCE

Digital image processing is to use digital computers
and other digital technologies, image processing, to
achieve the desired objective. With the development of
computer image processing technology has been
widely applied in many fields, digital image processing
has become electronic, information, communication,
computer, automation, signal processing and other
important lessons. Digital image processing and
measurement technology is based on the measuring
method of digital image processing, with the
traditional measurement method has advantages[1,2].
Traditional workpiece dimensions tools include scales,
calipers, also based on optical, micro-measuring
instruments.

Disadvantages:

1. Based on the traditional contact measurement due
to measure the environmental impact of large, most of
the time restrictions on conditions of use. For complex
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MATLAB Workpiece measurement

artifacts, irregular, often can not be measured directly.
Traditional contact measurement, accuracy is not high,
the measurement of time.

2. Conventional optics, microscopy measuring
instruments, although accuracy is high, but tend to
design more complex to use, need to be able to use
certain knowledge, complex operation, and the
equipment is expensive.

Measurement method using digital image processing
is a very reliable method of high speed, high precision,
high speed, low cost and easy, provided a new way for
object measurement and ideas[3,4].

III. THE OVERALL DESIGN

A. Research ldeas

Through a large number of digital image processing
literature information in this regard, after discussion
and summary, we propose a measurement of workpiece
length of design ideas[5]. Use MATLAB, workpiece
image in a camera that arrived at the computer. Using
digital image processing software for processing, are
parameters such as the length of the workpiece, the
interface displays the measurement result.

Camera
PC
The Workbench

Digital image
processing

Hardware

Workpiece dimension
measurement system

Software

Gul
interface

Fig.1 general architecture of system
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B. The Main Module and Design
of Hardware

Workpiece by using high resolution industrial
camera shot and designed an adjustable bracket for
fixing the camera and adjust the camera and the
distance between the workpiece[6,7].

a. Part

Fig.2 Hardware structure diagram
2.Bracket 3.Workpieces 4.Base

(1.Light.
b. Software system

5.Camera)

Software includes algorithms programmed in
programming and interface design, programming,
algorithm programming, including aspects of
binarization and edge detection, according to the pixel
with the proportion of the actual size and workpiece
parameters are obtained by indirect measurement
method. Interface programming allows people to
simple operation and workpiece parameters were

observed.

| Image
acquisition
Pretreatment
Software Programming
programming algorithm
Size
calculation
Interface
design

Fig.3 Software structure diagram
IV. EACH MODULE IMPLEMENTATION

A. Hardware Parts

Hardware platform consists of industrial cameras,
lighting equipment, frame, chassis, PC components.

Industrial cameras are Basler camera with
2592x1944 resolution, the camera uses GigE Vision
transmission through the network cable connected to
the PC, with low noise and high resolution, fast
transfer speeds, with little distortion and so on.
Industrial cameras are an important part of the image
acquisition process.

Fig.4 Industrial Camera

Lighting tool is adjustable ring-shaped LED lights,
adjustable brightness, low power consumption, lighting
more efficient features installed on the camera lens, but
can reduce the light dead ends, provide important
protection for camera image capture.

By cameras and table structures, providing work
environment for object measurement. The hardware
part is the function of image acquisition, camera
control based on the PC industry photos
B.  Software
a. Image Collection

Image acquisition part is controlling the camera took
pictures, and image transfer to PC, waiting for further
processing.

industrial MATLAB
workplece || MEUSITR MATLAB o
cameras [ userinterface
image
storage

Fig.5 Schematic of image acquisition
1. The monitor interface
By videoinput function, here we use the default
video capture format, to monitor the cameras took
pictures of the interface, and displays the video camera
in the GUI interface.
obj=videoinput('winvideo',2,'YUY2 2592x1944");
axes(handles.axesl);
vidRes = get(obj, "VideoResolution');
nBands = get(obj, NumberOfBands');
hImage = image( zeros(vidRes(2), vidRes(1),
nBands) );
preview(obj, hImage); €))
2. Resolution settings
Resolution settings using the interpolation method,
image resampling, bicubic cubic interpolation takes
into account not only the direct effect of adjacent to it,
also taking into account the pity Dorado, around 16
effect of adjacent to it. Because the sampled values
using interpolation function s (x) =Sin (pi*X)/(PI*x)
interpolation, then restoring the original functions of
the precision and, of course, any of which can be
accurately sampled point values, this method calculates
the volume but high accuracy, can keep a good image.
frame=imresize(frame,bl,'bicubic') )
3. Photo storage
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In order to secure the workpiece image processing,
so to get the images from the camera and stored in the
PC, so that we can later image processing. Function:

getsnapshot(obj) 3)

Captured images can be provided, but this function
is YCBR captured image format, image is displayed
red, to display this image if you want to convert to
RGB format:

frame=ycbcr2rgb(frame) 4)

But in our image, we don't need to color the image,
in order to facilitate the handling of late, convert a
color image to grayscale images:

frame=rgb2gray(frame); &)
b.  Image Preprocessing
1. Greyscale Distribution

Histogram is reflected in an image gray-level
graphics with the probability of this gray, which is a
function of gray level. Reflected image in the
histogram of the image intensity distribution property.
From the histogram, you can see an image of quality.
One image is good, bright and dark clear images of the
histogram for a bimodal curve. If the histogram of an
image has only one peak, and at the high gray levels,
means that the image is overexposed and vice versa,
lower peak is located in the gray, it means that the
image is underexposed. Above problem appears if the
image histogram, histogram modification methods can
be used to enhance images.

Workpiece image and its histogram as shown in the
figure. Graph abscissa v is the gray value, and ordinate
is the number of pixels of this gray value. Based digital
image pixel gray value of VO, V1, Vi-1, the grayscale
values of probability p (Vi) (digital image f (i,j))

Vinumber of pixel

P(Vi)= : ; (6))
Total pixel values on the image
And
— Uo * (1 B D)
8% U, *L*f ©

x 10"
m

Fig.6 The image gray level distribution
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2. Binarization
Image binarization aimed images as targets and
backgrounds of two parts.Result of binary decides the
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result of image edge extraction. Determines the
accuracy of detection.According to the image
histogram to select suitable threshold values, and
achieve better binary image.

Binarization divided into two parts, automatic and
selected values binarization.

Automatic binarization:

level=graythresh(M);
MI1=im2bw(M,level); 7

Use graythresh function automatically get pictures
threshold for image segmentation.

Set value and binarization:

Adjust the slider, threshold from small to big,
change level, binary image, by observing the change of
image binarization image, obtain the best binary
images for later image processing provide an important
guarantee for the work.

3. Edge Recognition| 8]

Hough function to detect circular.Hough transform
is one of the basic methods of image recognition in
image processing.Hough transform is the principle of
duality of use of point and line, the original image
space of a given curve by curve expression parameter
space of a point.Detection of the curve given in the
original image into looking for peaks in the parameter
space problems. Detection detection parameters into
properties. Such as lines, ellipses, circles, arcs,
etc[9,10].

In short, Hough transform thought: a point in the
coordinate system of the original image corresponding
to the parameters of a straight line in the coordinate
system, the same straight line parameters
corresponding to the coordinate system of the original
coordinates of a point, and then the original
coordinates By presenting all points straight lines, their
slope and intercept are the same, they correspond to
the same point in the coordinate system
parameters.After each point of the original coordinate
system projected coordinate system to the next
parameter,Have gathered point of view coordinate
system  parameters, such  aggregation point
corresponding to the straight line of the original
coordinate system.

In practical applications, y=k*x+b linear equations
have no way to express a straight line in x=c form (at
this time, the slope of the line is infinite). So in

practice,is the use of parametric equations:

p=x*cos(theta)+y*sin(theta). ®)
In this way, a point on the image plane
corresponding to the parameter p---Theta on a curve in
the plane, the other is still the same[11,12].
c. Calibration and Measurement
Because the actual object exists with the image size
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derived from a scaling factor k, to measure the actual
size of the workpiece, you must first get the scaling
factor k. So it is necessary to calibrate the system.
Using a calibration plate, under the premise of not
changing themeasurement parameters, to calibrate the
measuring system K=L/L0.Computer image size where
LO is the calibration plate, L is the facto standard for
the calibration plate size. L is known, the unit is
mm][13].

After calibration the values for k. Fig.7 is a workpiece
image.

Fig.7 image of Workpiece
including  the
measurement and automatic measurement
1. Utomatic Measurement

Due to the application of the Hough transform for

Measuring  section manual

circle detection, Hough transformation detection
principle in the above description[14], so this is not
repeated.By Hough transform, O' Access Center
coordinates (X, y) and radius R ', and the circle is
displayed on the image.Two holes in the workpiece's
Center distance L is:

L = k*y/(x1 - x0) + (y1 - y0)

)
K is the scaling factor. x, y as the Center coordinates.
Actual workpiece hole radius r is:

R=k*R (10)

2. Manual Measurement

In order to secure workpieces of irregular, difficult
to automatically identify the dimensions of a shape
parameter, manually measured as a supplement of
automatic measurement of workpiece size parameters.
Use the ginput function manual measuring.

Ginput provides a cross hair so we can choose what
we need to more accurately position and returns the
coordinate values. Function call in the form of:

[x,y] = ginput(n)
[x,y] = ginput
[x,y,button] = ginput(...) (11)
[x,y] =ginput (n), will enable you to read from the
current coordinate system of n points, and returns n X,
y coordinates of a point are nX1 vector.You can press

ENTER to end early readings.

In this article uses the ginput function, use the
mouse to move the cross cursor on the image, select
two points on the image pixel coordinates for the
location of Al (x1,yl), A0 (x0,y0), D is the distance
between these two points on the actual work:

D = k*J(x1-x0)? + (y1 - y0)*

(12)

k is a scaling factor.
V. PERFORMANCE TESTS AND RESULTS

After the completion of system software, a
MATLAB GUI interface, through the interface can be
a simple operation, setting parameters and measuring
of parameters of the parts of the image.

By - [
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Fig.8 GUI interfac

Through the MATLAB GUI interface of workpiece
image acquisition and image processing, can
automatically identify the workpiece hole and inner
and outer diameters of the circular hole is the center
distance between the two holes, can use manual
measurement to measure the distance between any two
points on the image. The following Fig. 9.

Fig.9 image of Measurement result
We have to measure the same workpiece, reflected
inTable.1
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Table.l The measured results

Order Inner radius out er radius Inner radius Outer radius The two hole
of the small of the small of the large of the large center distance
hole hole hole hole

mm3 Cmml Cmm3} Cmm?3 Cmm

1 10.722 14.706 23.948 27.551 145.063

2 10.633 14.621 24.168 27.632 145.102

3 10.556 14.762 24.623 27.684 145.120

4 10.852 14,920 24.765 27.362 145.058

3 10.610 14.870 24,544 27.822 145.032
Actual size 10.50 15.0 25.00 28.00 145.00

As can be seen from the table, the system can
automatically identify and measure of the workpiece
for two-hole distance of the inside and outside
diameter have two holes. Meet expectations as a
whole.

VI.  ERROR ANALYSIS

Measurement results can be seen in the table of
measured data and actual values for errors still exist,
after summarizing, the error can be caused by the
following.

1.Tailed to level the camera, between the camera
and the base are not parallel, is the camera base where
there is a certain angle with the workpiece, it may
cause error .

2.There is a distortion of the lens of the camera, so
that a tiny gap between the workpiece on the image

3.The work piece is not placed directly below the
camera, can also make the camera and workpiece have
certain inclination. Causing errors.

4.The algorithm is not perfect, the workpiece edges
smooth enough, edge detection, resulting in big
diameter, outer circle is small.

VII. CONCLUSION

This measuring system for fast, automatic,
non-contact the workpiecedimensions are measured.
Different from the traditional way, it is a newway of
measuring.By using MATLAB GUI interface to
intuitively and simply measure.With automatic,
manual and key measurements for three kinds of
measuring methods. For applications in industry and
production, such as production on the parts of the plant

or production line.The systemHas good scalability , be
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able to meet a variety of needs, to design different
measuring algorithm.But there are still some problems,
such as accuracy, background and color of the
workpiece to be raised further separation.There are
high requirements for light, and so can still be further
improved.
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Design of A Near-Infrared Spectra
Anti-Disturbance Cerebral Oxygen Analyzer

CAO Ze-yuan; ZHOU Ge; ZHOU Xiao-yu
(College of Instrument Science and Electrical Engineering, Jilin University., Changchun 130061, China)

Abstract--For that conventional test methods of cerebral oximetry are complex, test probe often need have special shading
treatments and testees have to remain stationary and other issues, In this paper, a sort of anti-disturbance cerebral oxygen
analyzer based on the near-infrared spectroscopy was researched. By selecting the suitable three-wavelength near-infrared
detection light source (735nm/805nm/850nm) and using the absorptivity of HbO2 and HbR in the near- infrared spectra, the
variation of the two substance’s concentration was received, and source interference expression resulted from the impact of
oxygen detection accuracy was calculated . Detecting ambient light in the detection terminal simultaneously to eliminate the
interference from leaked light. Finally, the original data from the upper computer and the interference data were processed to
realize the real-time monitoring of the blood-oxygen fluctuation in the prefrontal lobe of the brain. The correctness of
instrument was proved by breathlessness experiment and source interference experiment. The experimental results showed
that the cerebral oxygen analyzer designed in this paper can detect the changes of hemoglobin and eliminate the interference of

the source effectively, and the anti-disturbance algorithm can correct the source interference error about 70% or more. This

instrument can be used to monitor the changes of blood oxygen parameters in the prefrontal lobe of the brain.

Key words--NIRS; Cerebral oxygen; Anti disturbance ; Interference model; Breathlessness experiment

I. INTRODUCTION

THE brain is the nerve organ of the human body, which
is responsible for the daily physiological activities of
the human body. Brain organizations are of high
oxygen consumption in normal physiological activities,
and are very sensitive to hypoxia . Short time of
hypoxia will cause the central nervous system damage.
Near- infrared spectroscopy (NIRS) as a non- intrusive
optical monitoring mean, the scope of application of it
is becoming more and more common. It is mainly used
to observe the cortical regions containing HbR oxygen
hemoglobin (HBO2) and deoxygenated hemoglobin
concentration. Changes in blood flow cerebral (CBF)
and Changes in blood volume cerebral (CBV).

In 1977, Jobsis NIRS was firstly used to measure the
animal's head, opened up the application of optical
technology in noninvasive oximetry precedent [1].
However due to the interference of the skin,
skull ,muscle and other tissue on the near infrared
spectrum of blood is serious, resulting in near infrared
cerebral oxygen saturation detection technology hasn't

been used in clinical. Although Somanetics Corp
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launched the commercialized cerebral oxygen [2], but
due to the large individual differences in using, poor
reproducibility and the questioned measuring accuracy
and many other factors ,it needs continuous
improvement. So far, the effect is not ideal. In 1995,
the Japanese Omron Corporation developed a portable
blood oxygen detection system [3]. In 2002, the
University of Pennsylvania B.Chance team developed
a set of three wavelength light sources and 8 detectors
from the FNIR detection system [4]. In 2003, the
Delpy research group at the University of London
developed a blood oxygen detection probe for the
prefrontal cortex [6]. In 2006, a new method of
simultaneous detection of blood oxygen content in
bilateral brain tissue was proposed by the brain blood
oxygen detection device developed by Li Liangcheng,
[7]. Luo Qing-ming, Huazhong University of Science
fNIRS

instrument for the study of brain functions related to

and Technology, developed a portable
cognitive learning [9]. However, the designs of the
above test methods are complex, the test personnel
must remain stationary and appropriate measures are
taken to ensure the accuracy of the test, so the actual

effect is not ideal.
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In this paper, the design of the brain blood oxygen
analyzer, creates a disturbance model aiming at the
source interference and environmental light leakage
interference,by comprehensiveiy analysising and
discussing the factors influencing on the accuracy of
cerebral blood oxygen measure. Select the three
wavelength (735nm/805nm/850nm) detection light
source combined with the following derivation of the
source of interference expression to revise the test data,
in order to achieve a reasonable and accurate detection
of cerebral oxygen.This design reflect the activities of
the prefrontal lobe of the brain, through the detection
of changes in the brain prefrontal lobe of the blood
oxygen parameters. This design is characterized with a
safe non-invasive, small size, wearable, continuous

monitoring.

II. BASIC PRINCIPLE

2.1. The basic principle of cerebral blood oxygen
detection

Routine cerebral oxygen saturation detection are
based on the Lambert Beer's law [10], according to the
near infrared bsorption spectra characteristic of HBO2
and HbR in biological tissue, using absorbance in the
near infrared region of the spectrum on both sides of
the two substances’ equal absorb spot (805 nm), the
concentration changes of HBO2 and HbR can be
effectively detect.

6.00 7Ty

%
5.00
4.00 1
3.00+

2.00+

Absorptivity/Ll(mg'cm'l)

1.00

0.00 e s e a e B
640

wavelength /nm

Fig.1. The absorption spectra of HbR and HbO2

According to Lambert- Beer' s law ,we can get:

Iy
oD = IHT = ecL (D)

In formula: 10, I shows the incident intensity and

received light intensity respectively, ¢ shows the
concentration to be tested of non homogeneous
scattering medium, the media on behalf of epsilon
absorbance, L said the path length of light passes
through the medium, OD optical density.
2.2 Cerebral blood oxygen detection model

Near infrared lights enter the prefrontal brain and
then go through layers of different thickness of brain
tissue, spreading in intracranial banana type optical
path. The lights

scattering ,and exited through the scalp at a certain

undergone  absorption and

distance. The penetration depth is equal tol/4 of the

distance between the light source and detector [11-13].

—— 735nm
= 805nm

Fig.2. The principle of system detection
For biological tissue, the photons spread in the
organization regularly and randomly. According to the
modified Lambert-Beer's law, when the incident
intensity is 10, and the thickness is D ,which the
through,the

concentration of uniform medium is C, and the

wavelength A parallel lights go

emission intensity is 1. Optical density
! Iy 2 2 !
OD* = lnl—l =DPF*-D - & 'CL'+G (2)

In formula: OD? is the absorbance of the wavelength
Alight,e? is absorption coefficient of the medium,
DPF* is the path difference factor of the wavelength
Alight, G* is the optical loss caused by background .

The design selects two different wavelength lights on
both sides of

spot .The variation of optical density was measured to

the two substances’ equal absorb

reflect the changes in prefrontal cortex of oxygenated

hemoglobin and reduced hemoglobin content .
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850 735 735 850
EEa0 LAODTE 2238 wAOD

DPF73 DPF¥50
Ac(HbO,) = )
D - (€50, * €rbk — Eirbk * £1b0,)
e, - AODS0 50 - AQD7S
DPFB50 DPF735
Ac(HbR) = (6)
D - (&0, * EbR — bR * EHbO,

Using the Clem- rule to solve linear equations and

reach the following formulas [14]:

850 735 735 850
£559 - AOD3S I35 - AOD

DPF735 DPF?50
Ac(HbO,) = 5
0 = o e, e ey

€y, " DOD®0 €839 - AOD73

DPF850 — — DPF735
Ac(HbR) = 6
R = e, ey
In formula: 8;313507’ 8;3,;,5, sfﬂ,oo?, sﬁio ,each
represents  absorbance  of  HbO,, HbR to
corresponding  wavelengths as  735nm  and
850nm;A0D735, AODB®5%re changes of absorbance to

g

corresponding wavelengths as735nm and 850nm.
2.3 The establishment of interference detection
model

In the process of measuring Cerebral blood oxygen
will have unstable contact, leakage etc. and cause
affect the accuracy and precision of detection.

. Three wavelength LED

@ Photoelectric receiver

> Detected area

Source interference P ot
- Lenshood ™
-~ s, Lightinterference
7 A Y
' @S X
! i [
I
N - -
. ;‘*---—\r\"’f
Yemaoae=¥"  Prefrontal lobe
'l\ 7
4

Fig.3. The schematic diagram of interference model

Fig3 is the schematic diagram of interference model.
Interference comes mainly from two aspects, one is
that receiver receives the extraneous environmental
light interferences, second the contact between
transmitter and skin changes with the breath ,and
results of source drift interference, which is mainly
reflected as the changes of incident light intensity
10.

Here is the method of eliminating interference
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source:

According to(2) formula,we can reach:

007 = (efy, - Cupo, + €ftp - Cuog)DPFT™% - D + 67 4
0D%0 = (ef20, - Cupo, * o - Cusa) DPF™" - D + G )

Make: A735 = OD73°-G73°
A850 — ODBSO_GSSO
A805 — 0D805-6805,
Then from (7)(8) formula, we get:

735,850 850 850,735 _.735
A" (eypr-€npo,) A7 (Enpo,-Enpr
c te _ DPF735 DPF850 (10)
HbO, T “HbR = D - (5735 . £850 (735 850 )
HbO, " €HbR™€HBR " €HbO,
Then from (9) formula, we get:
A805
CHbo, t Cypr = (11)
. 805 ., ~805
D-DPF €HbR/HDbO,
from (10)(11) Equal, and order
805 735 __735
_ &upr/HbO, " (€4p0, €nbR
- 735 850 _.735 850
(EHbOz " €gbR™EHDR gHbOZ)
805 850 _ 850
_ &upr/HBO, (gHbR"gHbOZ)
- 735 850 __735 850
(‘SHbOZ *€npR™EHBR SHbOZ)
we get:
ASSO . DPFSOS A735 . DPFBOS
A0S = — . m+ -n(12)

DPF850 DPF738

Will be launched on the type can be obtained

m - 1% + n - nl"35-In1%% = ¢ (13)
In formula ¢ depends on the intensity of the incident
to the frontal lobe of the cerebral. G is the Optical loss

of prefrontal lobe,we can get

C = mInI§>° + ninij>° — InI§°°

Al (mGBSO + nG?35 5 GSOE) (14)

If 1550 =p- 1305‘ I(')735 =q- 15305

AC = MESO AIJ“ _ &Igos
Tt Igso (L I{’;’ss 1305
AIBDS
=(m+n—1)— (15)
Iy
Then
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AC AIS®S  AIT3S  AIBS® L6
(m+n-1) - ]gos - 1335 - lgso ( )

In a differential manner

C(t)-C(t;4) _ Io(t)-1o (ti1)

17
m+ n-1 INGD) an
c(tp-C(tiq)
order Al(t;) = ﬁ we get
K
I3 (t)
— = 1_[(1 +AI(t)) (18)

13(ty)

In formula, A express the Arbitrary wavelength of
735nm,805nm,850nm.Using (18) can correct the
mistakes come from Source Interference, Variation of
correcting light density is:

AOD* = 0DA(t;) — 0D*(t,)

8 Ig}(ri)_ %)

) T 1A
o B B )
=In 1t,) +1n 12,) (19)

III. SYSTEM DESIGN

The system shown in Figure 4, contains the light
source driving circuit, three wavelength light source
detector, photoelectric receiver, amplifier and filter

circuit, main controller and PC.

Light driving K
b
Three wave -
length LED
¥y ¥
Photoelectric

Micro - Upper

computer

controller

receiver

1t ~~

Amplifier
and filter

Fig.4. The hardware function block diagram
The micro controller can control the time-sharing

driver of the three wavelength light source by

controlling the light source driving circuit, and control
the three wavelength light source to illuminate the
brain's prefrontal lobe. After been absorbed and
scattered by the frontal lobe of the brain ,light is
received by the photoelectric receiver. The output
signal of the photoelectric receiver is amplified and
filtered by the AD to upload the collected data to the
host computer through the micro controller.The host
computer is responsible for the filtering of the original
data and the calculation of the change of the
concentration of hemoglobin.

The non-stationary NIRS signal is with white noise,
heart rate (~1.1Hz), respiration (~0.25Hz),Mayer wave
(~0.1Hz) and other ingredients. In the experimental
design to study of brain function , hemodynamic
response signal induced by the task is concerned with,
whose frequency is usually less than 0.1Hz. Therefore,
the application of high order digital filter (Butterworth)
was used to eliminate the physiological signal

components [15].

IV. EXPERIMENT

4.1 Breath holding experiment

In order to verify the correctness of the analyzer on
hemoglobin concentration response, breath holding
experiment was carried out to testing personnel and we
analyses of the C (HBO2) and C (HbR) changes in the
situation.

Experiment 1 the testee was a 21 year old adult
female college students, physical health, without
cardiovascular disease, diabetes and neurological
history. Methods: Firstly, the testee keeps normal
breath forlmin, then hold her breath for 1min, finally ,
recover normal breath after finishing operation. Before
the experiment, the self-made double channels blood
oxygen probe was fixed to the forehead of the testee,
and the probe was taken the necessary shading
measures. During the whole test process, the testee is
in the upright sitting position and no mood swings.

Figure 5 shows the changes of the hemoglobin
concentration in the two channels in one test at a time.
It is seen clearly in that 1min before C (HBO2) and C
HbR changes in the stability; 1 min after the start of

breath, prefrontal original oxygenation hemoglobin
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content by consumption has not been
in C (HBO2) decreased,

prefrontal reduced hemoglobin C HbR content increase,

timely
supplement resulting
experiments were performed to 2 min after the
measured recovery

Complex normal breathing, C (HbO2) and C (HbR)

quickly  recovered to the original level
=} CH1 hemoglobin change curve
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< o vigh HoR
o \
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Fig.5. The concentration curves measured by the breathlessness
experiment

4.2 Source interference cancellation

In order to verify the source anti interference
algorithm correctness and evaluate the quality of
source anti-jamming algorithm , the brain blood
oxygen detecting probe was fixed on one point.Source
end interference was simulated, by means of adjusting
the potentiometer adjustment in the observability probe
to control the luminous intensity of three wavelength
light source .Now the oxygen probe is not fixed for
oxygen detection. Therefore, theory of experimental
results have demonstrated for that C (HBO2) and C
(HbR) had no change.

Experiment 2, the brain blood oxygen probe is fixed
and 45s-60s to

adjust potentiometer to reduce the output light intensity

at a point, between 5s-20s
of the brain blood oxygen probe respectively, and then
return to the initial light intensity. Fig. 6 showed the
change trend of C (HbR) and C (HbO2) before and

after the correction of anti interference algorithm. it is
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that,before  the

experimental results are affected greatly by the

thus evident correction, the
variation of the incident light intensity for that the
change of the incident light intensity is considered as
the change of tested materials. The anti interference
algorithm can effectively identify the change of the
source interference and the changes of C (HbR) and C
(HbO2) have stabilized after correction.

CH1 Hemoglobin change curve before and after correction
T T T T

0.6

- BeforeHo0 ,

After- HoR
0.4 ¥ Before-+0 ,
After- FiR

Concentration changesau

30
Time/s
CH2 Hemoglobin change curve before and after correction
T T T T

Before-Ho
After- o7

04 ; BeforeH0
After- o

Concentration change/au

Timess
Fig.6. The concentration curves before and after correcting the
source interference of experiment
Using the (AE)between the

consentration of oxyhemoglobin and deoxyhemoglobin

absolute  error
and theoretical value before and after correction ,and
corrected relative error(CRE) to make quantitative
description of the quality of the source interference

correction algorithms,
AE = x-x (20)

sk *

A
CRE = x100% (21)

In the formula, x indicates measured changes in

hemoglobin , x indicates theoretical changes in

hemoglobin. AE™ indicates absolute error after
correction of source correction algorithm , AE"
indicates the absolute error without the source
correction algorithm .

The result is in the table 1:
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TABLE I

THE EFFECT OF SOURCE INTERFERENCE CANCELLATION

CH1 CH2
HbO2 HbR HbO2 HbR
Time/s 10 53 10 53 10 53 10 53
AE* 0.26 0.18 045 025 026 0.15 0.38 0.22
AE** 0.05 0.05 0.02 0.07 0.06 0.04 0.07 0.04
CRE  80.8% 723% 95.6% 72% 76% 733% 81.6% 81.9%

The experimental results show that the anti
interference algorithm can correct at least 70% of the
source interference, and effectively eliminate the error
caused by the change of the incident light intensity 10

at the source.

V. CONCLUSION

In this paper, the present situation of complex and
anti disturbance measures is set out from the traditional
method of blood oxygen detection. The interference
model of source side interference and ambient light
interference is established. Then the basic principle of
the brain blood oxygen detection system and the
method of eliminating the interference of the source
are introduced in detail. Results show that the cerebral
blood oxygen analyzer could achieve real-time
monitoring of changes in hemoglobin concentration in
the prefrontal lobe of the brain, And can be achieved
through the source side correction algorithm to achieve
the source of interference suppression, Interference
suppression ratio of up to 70%. The experimental
results are in agreement with the theoretical values. It
basically achieves the goal of non-invasive, real-time
and accurate monitoring of the human body. Can help
doctors more intuitive, specific grasp of the basic
situation of the patient, has a certain use value and
social benefits.
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High-power wireless charger design

Xiao Changchen, Guo Qun, Hao Renpu

(Jilin university instrument science and engineering institute, Changchun, 130021 )

Abstract—Based on the principle of electromagnetic induction and the analysis of wireless charging technology as well as

basic structure , to design the wireless charging circuit’s main circuit, resonant circuit and the transmitter and receiver coils,

and make wireless charging device. The device’s core parts are transmitting and receiving coils, PMW wave signals generated

by chip SG3525 are transmitted through the push-pull driver to chip KD301, and then signals in KD301 drive the Infineon's

chip IPW60OR041C6 to convert the DC to high-frequency AC, which can be transmitted wirelessly. When the primary and

secondary coils are mutually touching, the practical test of the device shows that the efficiency can reach 75%.

Key words: Wireless charging Resonant coupling

I. FOREWORD

DEVELOPMENT of electric vehicles is the future
direction, convenient e-car battery charging stations
has become an urgent problem. The project is intended
for wireless charging device, which is efficient and
easy to use.

II. CIRCUIT DESIGN

The high-power magnetically coupled resonance
can be divided into
Wherein  the
transmission section is divided into the inverter circuit,

wireless charging circuit

transmitting and receiving parts.
the resonant circuit and transmitting coil; receiving
section is divided into receiving coil, the resonant
circuit, rectifier and filter and voltage regulator
modules. The overall topology of the circuit is shown
in Figure 1.

| mverter circuit |
Y

| resonant circuit |

v

| transmitting coil

y

| receiving coil |
=

| resonant circuit |
£

| rectifier and filter |
T

| voltage regulator modules |
[

| load |

Fig.1 The overall circuit topology

A. Inverter circuit

Single-phase inverter circuit has two forms:

half-bridge inverter circuit and full-bridge inverter
circuit, respectively, both are shown in Figures 2 and 3.

{TI g 1|l"-Tl
Ed_ | e | ”I | L]
Gy 1 ‘v"l}_

vr,l VT,
=

Ei . | B SR .
VI,]  TVT,

Fig.3 Full-bridge inverter circuit

In the half-bridge inverter circuit, take turns
conducting VT1 and VT2, output AC square wave, and
the off-switching-tube affords the reverse voltage E.
Due to the presence of voltage dividing capacitor, the
output AC voltage contains no DC component. In the
full-bridge inverter circuit, VT1 and VT2 form one
bridge arm, VT3 and VT4 forming another. When VT,
VT4 on, VT2, VT3 off; and when VT1, VT4 off, VT2,
VT3 on , the output is AC square wave and its
amplitude is E, and the off-switching-tube affords the
reverse voltage E. When the output square wave’s duty
cycle is not 50%, the output AC current contains a DC
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component. Typically, in order to avoid two switches
of the same arm are simultaneously turned on, causing
a straight short of arm , dead time is set in a set of
switches , so that the duty cycle of the output square
wave is no longer 50%, namely DC component in the
output AC current appears to be inevitable.

B. Rectifier circuit

According to the composition of the device, rectifier
circuit can be divided into three kinds: uncontrollable,
half-controlled and fully controlled. According to the
circuit configuration, rectifier circuit can be divided
into a bridge circuit and zero circuits, etc. There are
various classifications.

Single-phase bridge uncontrolled rectifier circuit is
shown in Figure 4, single-phase bridge controlled
rectifier circuit is shown in Figure 5, only taking
purely resistive load case into consideration.

a

Re|

vD:
I

¥a

i
VT,
+
l Wy [
|
b

#ﬂ Av T

Fig.5 Single-phase bridge full-controlled rectifier circuit

—
2
=

Control circuit of Single-phase bridge controlled
rectifier circuit is more complex, it also brings the
extra power loss, so the paper chose the single-phase
uncontrolled rectifier circuit.

C. Resonant circuit

Inductors and capacitors have different connections,
so the coupling coil has series - series, series - parallel
and parallel - serial, parallel - parallel these four
different topologies. In this paper, input of the system
is DC voltage, the transmitting part’s inductors and

capacitors are in series, so only the series - series and
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series - parallel two structures were analyzed.

In tandem structure, transmission efficiency is very
low when corresponding load resistance is large, but
transmission efficiency of parallel structures is high in
the same load resistance , nearly 90%][1], so chosen
topology is: the transmitter coil inductors and
capacitors in series, receiving coil inductors and
capacitors in parallel. Hereinafter analysis are based on

this topology .

Fig.7 Two basic circuit topology structure coupling coil
(a) SS  (b)SP
Assuming that the system angular frequency is o,
primary,and secondary loop voltage KVL equation can
be obtained from Figure 7 :

Z1,-joMl; =U,

. (1)
—joMI, +Z I, =0

Wherein, Zp and Zs represent impedance of primary
circuit and the secondary circuit respectively. Solving
equation (1), we can get two equivalent current of
these two loops:

UP
= oy
Zp+-l
Zs 2
U.
-
Ja. Zp
s= T .2
ZS+7(wM)
Zp (3)

Equation(2) describes that after the forming of
coupling loops, the value of primary current is not
only related to ZP, but also (oM) 2 / ZS. (oM) 2 / ZS
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is called secondary circuit’s reflecting impedance to
primary circuit, indicating secondary circuit’s effect on
the primary circuit, marked as ZPS. Similarly, (oM) 2 /
ZP is called primary circuit’s reflecting impedance to
secondary circuit, marked as ZSP.

Power transmitted from the primary coil to the
secondary coil of the System can be expressed as:

_ 2
p_Re[Zps]]P 1)

Theoretically when the resonance frequency of the
operating frequency and secondary systems are same,
the secondary coil receives the largest energy, and
transmission efficiency of the system reach its

maximum, namely:
1

0y = —F—
’ LSCS

(5

III. PARAMETER DESIGN

A. Inverter circuit

According to the selected resistance of primary and
secondary coils, electromagnetic wave frequency of
the primary emission is 43kHz[2], so the frequency of
the drive signal of MOS is the same. PWM wave is
generated by chip SG3525[3]. The circuit is shown in
Figure 8. Full-bridge inverter main circuit is shown in

Figure 9.

Fig.9 Full-bridge inverter circuit

In the full-bridge inverter circuit, we chose Infineon
MOSFET chip IPW60OR041C6, which has small
on-resistance, little switching loss, barely heats,
reduces the loss of the inverter, and improve the
efficiency of wireless charging [4] The core data are in
the following table:

Table 1: IPW60R041C6 core data

Maximum drain-source 650V
voltage VDSS
Continuous drain current /D 77.5A/25°C
49A/100°C
On-resistance RDS(on) 41mQ
Rise Time tr 10ns
Fall Time # 7ns

Frequency formula of SG3525:

1
fosc =
CT (0.67RT + 1.3RD)

6

CT is capacitor , RT is resistance connected to feet 6,
RD connected resistors 5 and 7 feet. To make the
output frequency is 43kHZ, select the CT wvalue
1500PF, RT 2200022, RD, 200€.

Select LuoMuYuan's chip KD301 as the driving chip
of IPW60OR041C6. KD301’s front circuit requires a
greater output capability, which normal PWM IC can
hardly meet, so we need to add current buffer stage
and add push-pull circuit. Typical application circuit of
KD301 is shown in Figure 10.

B IC

A
ChsThe
e

Fig.10 Typical applications of KD301

B. Coil design
1).Wire selection

The presence of skin effect will make the equivalent
cross-sectional area smaller and the resistance larger,
even obvious at higher frequency. In fact the coil
resistance will cause a considerable impact on
transmission efficiency of the system. The greater coil
resistance are, the lower transmission efficiency will
be [6]. The design uses a parallel multi-strand copper
coils, each wire’s

wire to produce coupling
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2.513mm?2.

transmission maximum power is 40W, input voltage is

cross-sectional area s Required
220V. Provided that transmission efficiency is 75% ,
input current will not exceed 1A. But in fact sinusoidal
current flowing through the coil is much larger than
the input current, considering that bigger
cross-sectional area of the conductor has smaller
resistance, so we chose wire of the larger effective
cross-sectional area. Coils in the design are composed
of 80 fine enameled wire, and each wire is insulated
from other, thus the effective conductor cross-section
[7] increases greatly.
2).Coil winding

Increasing the number of turns of the coil can
increase inductance value, help to improve the
transmission efficiency, but considering the size of the
charging device, we wound primary ring-type coil as
24.5cm outer diameter, 15cm inner diameter, totally 19
laps, the resistance value is 2. Secondary ring-type
coil as 19.2cm outer diameter, 12cm inner diameter,
the resistance value is 1.4Q.
C. AC-DC secondary design

Induced AC voltage coupled by secondary coil of
receiving circuit is transmitted by the rectifier bridge
into DC power for the load. In order to reduce the
interference by the AC component to the load, the
filter circuit should be added. Rectifier circuit is shown
in Figure 4. Load parallel filter capacitor.

Selection filter capacitor[8]:

Due to the induction voltage of the secondary coil is
V1=20V, and frequency f=43kHz, Output Power

P=40W, DC voltage after rectification can be

P
obtained:VL=1.2V1=24V. Load Resistance RL = VL
=1.67Q2 d RLC—4><I =2T=2x ! =4.6x10-5
— 0735 an T TE T 43000 TS

4.6x10-5s

so filter capacitor C= RL ~3.2uF, Considering

the voltage fluctuates around + 10%, the maximum
withstand voltage of the
capacitor:VCM=\2V1x1.1=30.8V, So the selection of
a nominal value of electrolytic capacitor is 100uF /
100V.

IV. TEST RESULTS

A. Experimental Conditions
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Experimental temperature:25C

Laboratory equipment: GDS-2202A Oscilloscope
and voltage probes

DF1731SLL3A DC source

Dummy load: 40W incandescent
B. Results

Using a rated voltage 24V, power 40W incandescent
as a simulation.of charging load.

Adjusting terminal voltage of primary coil to make
the two terminal voltage of incandescent lamp reach
24V, the measured current through the lamp at this
time was 1.67A, namely Poutput = 24V x 1.67A =
40W. At the same time the measured DC output
voltage was 28.1V, current was 1.88A, namely Pinput
=28.1V x 1.88A = 52.83W, efficiency of transmission

Pinput
—— 1P 55 704 Normal

device can be calculated : n_POutput =

light of incandescent

is shown in Figure 11.

Fig.11 24V 40W Normal light bulbs
V. SUMMARY AND OUTLOOK

A. Full summary

This paper is based on the technology of wireless
power transmission and set in the current rapid
development of electric vehicles, and study on
high-power wireless charger. The study includes
inverter circuit, resonant circuit, coils in the
transmitting side and coil, resonant circuit in the
receiving side. Wherein the L of transmitting coil and
receiving coil are measured by the LCR meter, the

resonant frequency control to be 43kHz. According to
f= 1
YN 1
2zVLC , deformed into Cm , select the

appropriate capacitor value of transmitting coil and
receiving coil. Finally, at the transmitting side, chose
series coupled; at the receiving side, chose parallel
coupled. Finally, on the basis of these studies,complete
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the design and production of high-power wireless
charger and achieve the index: output voltage 24V +
10%, output power 40W, efficiency 75%.
B. Full summary

Due to the limitations of author’s effort, time and
theory level, there are still disadvantages as below to
be further studied.

1).Does not consider the control of the circuit,
open-loop system of the charger whose receiving side
has no feedback to transmitting side. When the
system load changes, the load characteristics of the
system will change. Therefore, further analysis of the
system load characteristics is been required.

2).In the device, current flowing through the wire is
diodes,

energy-consuming elements, power lose a lot in the

larger, and as resistors, transistors are

device. Other methods can be taken to reduce energy
loss of the entire system to improve system efficiency.
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Design of Solar Ship Model With Underwater
Ultrasonic Ranging

Shuming Zhang; Cheng Zhao; Lunyuan Zhang

(College of Instrumentation and Electrical Engineering,Jilin University,Jilin Changchun 130026,China)

Abstract --The ultrasonic sensor is a typical non-contact sensor. It’s usually used to measure the distance because of the

advantages of strong anti-interference. The transducer converts acoustic signals which are received after being emitted into

electrical signals and collects them back to MCU by A/D. Because data collection is often accompanied by noise, so the data

acquisition system needs to filter and amplify the collected signal to improve the accuracy of collected data. The innovation of

the design is to put the underwater ultrasonic ranging technology onto the platform of ship model and use solar energy to

provide power for the ship model. It makes science and technology more pratical.

Key word--ultrasonic ranging ultrasonic transducer

I. INTRODUCTION

ULTRASONIC is a kind of sound wave whose frequency
is higher than 20kHz. It’s the mechanical vibration
state of objects or transmission form of energy.
Ultrasonic has the advantages of strong directivity,
slow energy consumption, and far propagation distance
in the medium. Ultrasonic is usually used to measure
distance because of the advantages of quick,
convenient, simple calculation and easy to real-time
control. In addition, ultrasonic ranging can meet the
requirements of industrial and practical in terms of
measurement precision[1].

Ultrasonic ranging is a non-contact measurement
methods. Compared with other methods of distance
measurement, it is not influenced by factors such as
light, electromagnetic field, smoke, dark, the color of
tested object and so on. Because of strong ability to
adapt to the bad environment and being easier to get
the information from close range ultrasonic ranging is
widely used in reverse anti-collision system, robot
navigation, ocean survey, object recognition, etc[2].

Due to the short wave lengths, ultrasonic can spread
approximately as a straight line. Its energy attenuation
is smaller than electromagnetic wave in the liquid. The
energy of ultrasonic is easy to focus so that forming a
large intensity causes intense vibration and many
special effects. Thus, underwater detection using
high-frequency and low-power ultrasonic ranging is
effective means. Underwater ultrasonic ranging with

advantages of high frequency(tens to hundreds of kHz),
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solar energy

ship model

short wavelength, small diffraction phenomenon, good
directivity and small volume launchers is easy to
improve the capacity of anti-interference[3].

Because oil, coal, natural gas and other resources
are dwindling and emission pollution is growing,
seeking sustainable clean energy and making full use
of solar energy become the inevitable trend. In recent
years, with the development of science and technology,
solar energy has been used on some small vessels such
as tourist sightseeing boat, yacht, short ferry, etc.
of the
independently or together with other energy moving

Firstly, it’s one main power energy,

ship. Secondly, it’s used as auxiliary energy in ship
lighting system, driving system, air conditioning

system, auxiliary machinery and so on[4].

II. ULTRASONIC RANGING PRINCIPLE

emission

q—

reflector

—

receiving

|<—L —>

Fig.1 Schematic diagram of ultrasonic distance measurement
The basic working principle of ultrasonic distance

measurement: Ultrasonic transducer emit ultrasonic to



Shuming Zhang etc.: Design of Solar Ship Model With Underwater Ultrasonic Ranging

one direction and start timing at the launching time. It
in the

transmission and ultrasonic receiver by reflection wave

return as soon as encounter obstacles
immediately stop timing. In this way, transit time t(s)
is obtained. Known to the speed of ultrasonic is ¢(m/s),
we can conclude the formula: L=c*t/2 according to the

transit time t(Fig.1).

III. THE SYSTEM HARDWARE DESIGN

A. Block Diagram of the System(Fig.2)

A2V Y
” =
RW1 Q1 Uttrasohic Transducer
R Resetpiuse |, " | R
RWS a2

Bl

| ¢/

D1
RW2
50% poy

_c£ acy
[l
Fig.3 circuit of ultrasonic emission
b. Amplifying, Filter, Comparator, Display Circuit
Design

Amplifying circuit(Fig.4) is divided into two stage
amplifier whose total magnification times are

1000(60dB), first stage is 10 and second stage is 100.
Signal after being amplified effectively will be send
into MCU through detection and threshold adjustment

circuit.

Ultrasonic Wireless
Sensor Control
u II [
1
1
1
Wind
Sensor
MCU :
------- 1 X
1 | |
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| Controll lll - Step-mo
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: 1 1
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1 r : Control Y
! 1
! 1
! 1
! 1
! 1
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Fig.2 block diagram of the system

B. Ultrasonic Ranging Device Design
a. Ultrasonic  Transmitting and Receiving Circuit
Design

In ultrasonic ranging circuit, the emission circuit
has two kinds, one is continuous wave emission
circuit, the other is the pulse wave emission circuit.
Considering that the ultrasonic transducer of system
is sending and receiving together, we adopt the
second emission circuit(Fig.3).

R2 R4
Cc1
’—1 RO =z
vCcC
 — ? c3 R7
Ullrfsonlc Transducer T
-

Fig.4 amplifying circuit

The main purpose of filter circuit(Fig.5) is to pass
through the particular frequency of useful signal and
restrain other frequency.

The signal from signal conditioning circuit will be
ultimately sent into MCU, so it must be a logic signal.
The voltage signal after being filtered is sent into
voltage comparator(Fig.6) through being compared
with the threshold level to determine the arrival of the
echo or not and then sample signal correctly.
Threshold level is associated with propagation distance
and magnification. After lots of trials, the selected
threshold level of the system is Vg=2.2V. If the peak
voltage of the signal after being filtered is larger than
Vg, the echo has been received. Then the external
interrupt (INT1) of MCU is started, so as to stop
timing and calculate from emitting to receiving time,

also is the transmission time of ultrasonic.
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In I Out
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Fig.5 filter circuit

R1

R3
= R2
vg—]* Out

Fig.6 voltage comparator circuit

The system uses 4-LED digital tube to display the
measured distance.
C. The Sun Auto-tracking Device Design

The photoelectric control of design adopts the
combination of the program tracking and sensor
tracking control method, which is controlled by
program. Optical sensor for solar panel is used to do
automatic positioning and error correction through
MCU controlling stepping motor to achieve.

Stepping Motor

Solar Panel
\\ Screw
Solar Tracking Sensor \
[ Nut
\
Spindle \
stents o M G pping Motor 1
ents / epping Motor
| The Base |

Fig.7 structural representation of sun autotracking device

The device(Fig.7) consists of fasteners such as
star-bracket supporting solar panel and the base,
stepping motor 1,2 and driving structure. Star-bracket
has simple strucuture and good stability, especially
light device weight laid a good foundation for
decreasing the consumption of solar panel adjustment
process. The auto-tracking operation of the control
system if mainly composed of stepping motor 1 and 2.
Stepping motor 1 and driving structure mainly adjust
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the deflection azimuth angle of tracking solar panel.
Stepping motor 2 and driving structure control and
adjust the height angle of solar panel. The system gets
efficient photoelectric conversion through adjusting
the deflection azimuth angle and height angle of solar
panel timely.
IV. THE SYSTEM SOFTWARE DESIGN

Shown in Fig.10, at the beginning of the
measurement, the counter is cleared and the ultrasonic
is emitted. Meanwhile start the internal timer (T0) of
MCU, which is used to record the launching and
receiving time of ultrasonic by its counting function.
When the ultrasonic transducer receive the relection
wave, it will produce a negative jump on the output of
receiving circuit and an interrupt request signal on the
INTO. MCU responses to the external interrupt request
and execute the external terminal service subroutine.
Then stop counting and emitting for reading the time
difference. Eventually, use the formula to calculate
distance and display the result on the digital tube.

Start

4]

| System Initialization |

Start Measuring

Clear Counter

Emit Ultrasonic

Receive echo

YV

Stop Emitting |

i

| Counter Count |

V4

Stop Counting

Calculate Time

\\/4

Calculate Water
Depth

\4
Save Results |é| Results Output |

Measuring or not

End

Fig.10 program flowchat
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V. MEASUREMENT TEST DATA AND RESULT ANALYSIS

The type of ultrasonic transducer is DYW-1M,
whose center frequency is 200kHz.

Table 1 experimental results

Nominal Measured Absolute
e value/em value/em error/cm
1 50 51 1
2 70 73 3
3 100 102 2
4 120 122 2
5 150 149 1
6 180 184 4
7 200 207 7
8 250 256 6
9 300 308 8

From the above table, within 150cm the errors of
measurement are all within 3cm , so the results are
accurate. If the measuring range is too large,
ultrasonic transducer with low frequency should be
adopted, whose measuring range is larger than

high-frequency ultrasonic transducer.

VI. CONCLUSION

The core concept of this design is to design a solar
power unmanned ship, which can replace human
working for underwater ranging. It’s convenient and
practical, also achieve the purpose of environmental
protection. The test results are consistent with
theoretical analysis. The function of measuring
shallow water depth is achieved and it can be applied
to small area water depth measurement without human
working. Nowadays smart cars and unmanned aerial
vehicle have been developed rapidly, the design is
focused on underwater measurement, combining
underwater ultrasonic ranging technology and platform
of ship model, which applied the unmanned ship easily

to life.
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The research on intelligent fast charger with solar
energy as the second energy source

Chunfeng Jiang; Limei Wu; Ziyi Zang
(College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130061, China)

Abstract--In order to alleviate the contradictions between large battery power loss of electronic devices such as portable
power sources and their small current chargers, based on the low- power single-chip—STC12C5A60S2 and using the
voltage-type PWM controller—TL494 as the core, we design a BUCK type of intelligent fast charger. By detecting the voltage
and the current of the charger, it charges by three stages, which include small current stage, constant current stage and
constant voltage stage. It can reach the largest current to 4.7A when in the constant current stage. The charge can display its
changing voltage, current and temperature when under the charging process. In addition, it can protect it from the destroy of
high charging temperature by cutting the power. It can also prevent over-charging and backflow. Meanwhile, this charge is
equipped with solar-assisted emergency charging module, which can keep a stable charging voltage of SV and a small changing

current about 0.4A to 0.8A with the changing light intensity in sunny weather. It has achieved emergency charging when no

electronic supply.

Key words--TL494 Solar energy ~ Fast Charging

I. INTRODUCTION

IN recent years, the battery capacity is increasing
demand for digital products,electronic product life of
mobile power consumption is large as a major selling
point.Their basic capacity up 10000mA more, charger
charging current is small, most only 1A, resulting in
mobile power charging time required is too long.This
gives the user great inconvenience.Especially when the
user is outdoors for a long time (such as traveling
abroad) or only a short time to the power charger,this
is even more obvious drawbacks.Accordingly, the
main purpose of this design is to increase the charging
speed.While the new green energy solar charger used
in the field of solar energy as an auxiliary charger, the
charger will also have the ability to convert solar
energy into electrical energy, and then the power
supply electrical equipment.[1] Meanwhile phased in
terms of electric charge city. By charging after the first
constant-current constant-voltage mode.Since only
with a smaller current charge lithium battery is
completely discharged, it must first detect the battery
voltage charger, if you need to fine current charge is
low,when the current rose to a certain level after
normal current charging.When the constant current
charging, the battery voltage will rise until the voltage
up to 5.0V, the charger need to transfer the constant
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voltage charging mode, because the voltage higher
than 5.0V, then it will cause damage to the battery. In
this case, current will slowly decrease naturally, when
the current is less than the set value will be able to stop
charging.

II. SYSTEM DESIGN

Overall system block diagram shown in Figure 1,
including solar modules, mains charger main circuit,
sampling circuit, protection circuits, human-computer
interaction.Mains charger main circuit including the
AC / DC converter circuit section, BUCK DC / DC
step-down circuit section.The sampling circuit
includes sampling voltage and current temperature,
small signal amplification, A / D conversion, voltage
and current control.[2]Voltage protection circuit
includes a current limit overshoot protection, high
temperature protection, anti-reflux and the like.

The system can realize intelligent control of the
charging voltage and current, temperature, voltage
monitoring shows, as well as solar energy, mains

charging two ways.
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Figl.General architecture of the system

III. SOLAR CHARGING SECTION

This part of the auxiliary charging circuit for
emergency charging purposes. Hardware circuit
mainly to solar panels and integrated chip 34063 as the
core, the main work is to build a booster circuit, and
filtering to obtain a more stable charging voltage.

A. Solar Panel

Common single crystal silicon solar panels,
poly-crystalline silicon, amorphous silicon, compound
of four, of which the first species is more commonly
used. High photoelectric conversion efficiency of
mono-crystalline silicon solar panels, about 15%, up to
24%, but higher prices. Photoelectric conversion
efficiency of poly-crystalline silicon solar panels than
single crystal silicon reduce the number, about 12% of
the total production costs lower than single crystal
silicon. Further life than mono-crystalline silicon solar
panels poly-crystalline solar panels long, considering
the above factors, the choice of low cost,
poly-crystalline silicon solar panels suitable for mass
production as a photoelectric conversion element.[3]
B. Booster Circuit

Figure 2 is a circuit diagram of a boost module.The
34063 chip will use part of the unstable voltage solar
panel output rose to a stable 5V (open circuit voltage),
the device itself contains the main function of DC/ DC
converter is required monolithic control circuit and

inexpensive.

rrrrrr
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1082015
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R gt Lo
i 1504F
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Fig.2 Boost Converter Circuit Diagram

C. Performance Testing

Independently of mobile phone batteries and mobile
power charge. Can be measured with load voltage of
4.7-4.9V, meet the requirements of standard charger.
The charging current with the intensity of sunlight
changes. Emergency charging function can be
achieved when no electricity. Figure 3 is a single test

result panels sunny.

Battery woltags --charging time line charl

£/ min

Fig3.The relationship between the battery voltage and the

charging time of the single solar panel charging

[V.SECTION OF ELECTRONIC SUPPLY

The main part of this section is hardware circuit.
Through AC-DC module and buck converter circuit,
we can transform the electronic supply to continuous
current, which can charge for mobile devices.
According to the Optimal charging curve, we divide
the process of charging into three stages: small current
stage, constant voltage stage. Meanwhile, we add
feedback signals to control a stable charging.

A. Design of the Step-down Circuit

Buck circuit (Fig.4) is a buck converter circuit,
which has lots of virtue such as high efficiency, large
output current and small quiescent current. Thus, it is
always used into the design of switched-mode power
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supply. This design adopts the BUCK circuit as well.

JLI\I_,I ¢
e

= e
+IL‘T + 4 (F) - =
p & 1f ® c== R[u®
BARBEHEHN

i
+u () - fm
C—|— R

+
+
w (1 UJF 1)

+

()

Fig4.Buck converter circuit diagram

B. Selection of Controlling Chip
TL494
pulse-width-modulation control circuit, whose internal

device is a fixed-frequency
structure diagram is shown in Figure 5. This chip is
mainly designed for switching power supply controller.

Its oscillator can work in active mode and
passivemode, you can control the frequency of the
oscillator by a resistor and a capacitor. It contains two
error amplifiers, an on-chip adjustable oscillator. The
dead-time control has a fixed offset that provides
approximately 5% dead time. And its output transistor

sink current is up to 500 mA.[4]

It can control the output being 5.0 V when the
voltage of battery is above 5.0 V;

Electricity charge results is shown in Figure 6. The
voltage of battery grows 1.5 V every 30 minutes.
Tablelshows the comparison of normal charger and
the prototype, from which you can see this prototype
charges more quickly than normal chargers.

T TR A 2

BARPw
HRERA

ABHAE TAANEKS &KF
Fig5.Internal structure diagram of TL494

C. Section of Constant Voltage and Constant Current

Fluctuations in voltage and current will cause varies
degrees of damage to the charging devices, so it is
required to provide a constant voltage or a constant
current while charging. This section controls the output
to be stable by using the PWM chip and BUCK circuit.
D.Performance Testing

This section almost achieves functions as expected:
it can control the charging models through different
voltages of battery (Fig. 6).

It can control the output being 200 mA when the
voltage of battery is under 2.7 V;

It can control the output being 2000 mA when the
voltage of battery is above 2.7 V but under 5.0 V;
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Fig.6 The charge curve diagram of 220V
Tab.1 Charging contrast diagram
Charge timet/min Battery level/V
Normal charger Homemade
charger
0 3.52 3.52
5 3.91 4.07
10 4.1 4.21
15 4.16 4.53
20 4.28 4.77
3
i 25 4.54 4.85
1
i 30 4.8 4.97
35 4.9 4.97
40 4.95 4.97

V .THE CHARGE STATE DETECTION AND DISPLAY

This part is used to detect the temperature by
controlling the charging voltage and current, the
testing results of the working state of the charger,At
the the

displayed.The voltage current detection of electric

same time, monitoring results are

charge play a supporting role,to determine the state of
charge, the temperature sensor detects the temperature
of the chip chip high temperature power to prevent
burning.
A.Principle block diagram

Temperature  detection using digital sensor
DS18B20.1t is a kind of digital temperature sensor,is a
single bus thermometer

digital programmable

resolution,the programming can be achieved 1/2 ~ 1/16
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four grade precision conversion.It only need one line
CPU  without

multi-point

connected with the peripheral

circuit,Support one temperature
measurement model.

Voltage detection using STCI12C5A60S2 MCU
internal A/D.The A/D is a 10 bit successive than high
speed A/D converter has the advantages of high speed,
low power consumption.Detection system diagram as

shown in Figure 7.

human-comp
uter

interaction

Voltage ]i

acquisition

| singlechip ‘ ‘

Current

acquisition | DS18B20 || DS18B20 |

Fig.7 Principle diagram of detection syst

18B20 single multi-point temperature measurement
model. The number of 18B20 received a single chip a
I/O port, which uses a single bus control number from
the machine, through the serial number, time, read all
the data from the machine.To issue the command from
the machine, according to the need for programming
and control or time control.It only use a I/O
microcontroller port, greatly saves the resource of
MCU.
B.Performance Testing

The test results of absolute error can be maintained
at 0.7 DEG C, and has high measurement precision,
which can meet the requirements of the chip
temperature test.A separate test voltage detection
lift and drop, the
measurement results of absolute error is less than 0.1V.

module, were detected by

VI.THE OVERALL PERFORMANCE INDEX

According to the above the performance test shows
that this design can realize the charging, solar charging
double charging mode.The charging by fast charging
characteristics, can be divided into intelligent charging
stage,According to the situation of battery trickle,
constant current, constant voltage charging, stable
output voltage and current, charging speed is better
than the ordinary charger.As an auxiliary solar
charging module, emergency charging can be achieved
without electricity, provide a wider use of the

environment for the charger.Tt can the state of charge
to achieve real-time display.And it has high power, anti
backflow protection module, high safety performance.
Summary of the charger performance as shown
below.
A.Solar Charging Part
The conversion efficiency of solar panels: 10%
No-load output voltage: 5V;
Load voltage: 4.7-4.9;
B.Charging Part
The maximum charge current: 4.7A;
Constant voltage charging: no-load 5V, load
4.8-5.0V;
Ripple: about 50mV (without noise)

VII.CONCLUSION

Using STC12C5A60S2 microcontroller with BUCK
intelligent fast charger TK7500B chip design,using
high-power original heat dissipation design reasonable,
can achieve the maximum charging current of
4.7A.Stage charging mode to further enhance the
charging speed, charging 1 hours faster than the
common charger.No power can meet the requirements
of the temporary charging solar charging mode.
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Optimization of the control for charging lithium
battery using in energy storage of clean energy

YUE Qian-hui; ZHANG Chen-xu; ZHANG Xin
( College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026, China)

Abstract--In this paper, a set of buck circuit and boost circuit is developed. In addition, a sampling circuit and a MOSFET

driver circuit are designed. The mathematical model and the transfer function of buck are studied,in the meantime. The

parameters of PI controller are set up based on the amplitude frequency characteristics of the system. Simulation and

experimental results verify the validity of the control method.

Keywords--clean energy generation; Lithium battery energy storage; MSP430F149 MCU; PI controller

I. INTRODUCTION

IN recent years,environmental situation is not
optimistic with the rapid development of economy and
the increasing depletion of fossil fuels. Therefore, the
demand for energy is growing which caused the
emphasis on environmental protection has been
strengthened and the use of clean energy has become
an inevitable trend. In addition, because clean energy
generate energy instability and the rate of storage
utilization is not high, optimizing the control of clean
energy generation is perfectly significant[1].

The system of lithium battery energy storage can be
used as a buffer between a variety of electric energy
and the stable needs of electricity generation capacity.
Lithium battery can optimize the unstable power
supply,such as wind and solar. If the power supply is
too much, energy storage system will be used to store
the excess energy in battery.Otherwise if the power
supply is insufficient,energy storage system can will
quickly respond, timely release energy from the battery.
At the same time, the energy storage system can adjust
the voltage and control frequency in off-grid power
system.

Therefore, lithium is applied to the yield of clean
energy storage which will greatly improve the present
situation,and save resources. Moreover it will make
efficient use of clean energy, to make up for some

shortcomings of lead-acid batteries.

II. SYSTEM DESIGN OVERVIEW

The control system takes optimizing the control of
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lithium battery for energy storage in the case of clean
energy generation as the core. The overall diagram is
as follows.

Clean Energy Power Generation Device : The Load

L

Intelligent Charge And Discharge Control Device |:> Current Sensor

A

|

Lithium Battery

Fig. 1. Overall Diagram

Firstly, when abundant energy is generated from the
clean energy generation,the generation provide power
directly to the load. At the same time, the excess
energy is stored in the lithium battery through the
charging circuit of the intelligent charging and
discharging device. However when the energy
generated from the generation device is insufficient ,
promptly cut off the charging circuit, so lithium battery
stop charging. The discharge circuit of the intelligent
charging and discharging device immediately response
to discharge to the load, so that the load can be
maintained for a while.

In general,the system can be divided into two
parts--hardware and software. Hardware part includes
BUCK circuit,BOOST circuit,drive circuit, current
sampling circuit, MSP430F149 minimum system and
some power supply modules. Software part is based on
the lithium battery charging process using the PID as
the core, to achieve to charge with constant current ,
over-current protection, overcharge protection, and

automatic switching the power supply to the load
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between the clean energy and lithium battery. The two
parts of hardware and software are in close contact
with each other, working together to achieve the basic

control

functions. of optimal of charging and

discharging.

[II. HARDWARE DESIGN

A.BUCK Charging Circuit

1]

Bolar Panels

{ The Load

Fig. 2. BUCK Charging Circuit

BUCK circuit is used as a charging circuit, and its
total power supply is three parallel solar panels (12V,
3W ).The switching element is a fast recovery
MOSFET transistor--STW55NM60ND, and the diode
is a fast recovery diode--DSEI30-06A, in order to
reduce power consumption and enhance the reaction
rate. In the circuit, C=1000uF and L=1mH. Calculated
by the following formula.

U,(1-U,/U,)
C= .
8LF2AU,

(1)
_U,0-U,/U,)
2ﬂ0 (2)

The lithium batteries--18650 are manufactured by

L

Sony Corporation in Japan.The charge voltage when
full power is 4.2V, and the discharge voltage is 3.7V.
The charge current is in the range of 1A to 2A.

There is a 4.2V regulator between BUCK circuit and
lithium batteries, which is used because of lithium
battery charging characteristics and capacities. Lithium
batteries should be charged under 1.5A constant
current, and in the meantime, the voltage will
gradually increasing. When the voltage rises to 4.2V,
the limit voltage of regulator will not rise ,and lithium
battery will be charged under 4.2V constant voltage.
Because of power constraints, in the process of

constant voltage charging,the current will gradually
reduce.Until the current is lower than the lower limit
of 0.2A, the lithium batteries stop charging.

B.BOOST Discharge Circuit

1 %

Inductor
900ull DiodeDSEI30-06a

WM — =03
M_‘,. Ql b
= DS

3 [k
E{J] STWSSNMEIND - L D ®ﬂiﬂ
B 30

Fig. 3. BOOST Discharge Circuit

BOOST circuit used a discharge circuit ,its
switching element uses a fast recovery MOSFET
transistor products STW55NM60ND, and diodes use
fast recovery diodes DSEI30-06A. In the circuit, the
capacitance parameter is 2200uF, and inductance
parameter is 900uH.Incandescent lamp(12V, 5W) is
used as the load.Calculated by the following formula.

C — Dmax]—; Io
AU, 3)
L :%l)min(l_l)min)2
21, @
C.MOSFET Driver Circuit
|
Pl §
L7 n
2 L
T = L
N 4 {E Cp Res?
nF K Ot

TLP20

Fig. 4. Driving Circuit
Drive circuit is made up of an optical coupler and
peripheral circuit.It is used to amplify the PWM signal
from the micro-controller output and drive the
MOSFET TLP250 has a
channel,and DC inputs. Its isolation voltage of

transistors. one-way

transmission delay is 2500Vrms, and forward current

is 20mA.
D.Sampling Circuit
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Fig. 5. Sampling Circuit

ACS712 sensors are produced by the Allegro are
used in the sampling circuit. ACS712 sensors is a
linear current sensor and sampling BUCK circuit
current. The device has a built-in precise low-offset
linear Hall sensor circuit that can accurately measure
the current.

E.MSP430F 149 micro-controller

i

Fig. 6. Circuit Diagram of Single Chip
MSP430F149 is a 16-bit micro-controller, which has
advantages of high integration, rich peripherals, and

low power consumption. It has been widely used in
industry. Integrated 8 channel and 2 AD converter,
watchdog timer, a hardware multiplier and 48 10 pins.
In operation ,the device enters the low-power mode to
reduce system power consumption.

F. Auxiliary Power Module

1.QAWO01 Power Modules
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Fig. 7. The circuit schematic diagram of Power supply for
driving circuit in buck circuit
QAWOL is isolated dc-dc power modules produced
by MORNSUN company. Its input is 12V, output is +
15V and -9V, and supply to TLP250.
2.B0305xt-1wr2 Power Modules

+3.7V

BOISXTIWR2
GND NC p———
| o
4.7uF INPUT [ —T—HH
GND +5V
0V Vo DT
4

| HF

) |||_
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Z
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Fig.8. The circuit schematic diagram of Power supply for
Sampling Circuit and single chip in boost circuit

B0305xt-1wr2 is 3V or 5V input of dc-dc constant
voltage, and single-output isolation of non-regulated
power supply module .Its power is 1W, and supply to
the micro-controller in the discharge circuit .It has
characteristics of sustainable short circuit protection
and 1500VDC isolation.
3.f1205xt-1wr2Power Modules

FI205XTIWR2
] ] GND NC ——
Cs
InF —s INPUT

oy +WVo D—T—

Fig9. The Circuit Schematic Diagram of Power Supply for
Sampling Circuit and Single Chip in Buck Circuit
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F1205XT-1WR2 is 5v or 12v input of dc-dc
constant voltage, and single-output isolation unsteady
power supply module. Its power is 1W, and supply to
the micro-controller in the discharge circuit. It has
characteristics of sustainable short circuit protection,
low ripple noise, 3000VDC isolation, and efficiency
up to 80%.
4.XC9119 Boost Power Module

-15V clo
L000pF
FI20SXTIWR2

FB CE/SS T
LX AR —— Ro =
X

Vs VDD

T
0.luF —|—

<

L4
I(lmHg
==1I1

100uF

Fig. 10. The Circuit Schematic Diagram of Power Supply for
Driving Circuit in Boost Circuit
XC9119 is adjustable boost chip input and output. It
can be used for general-purpose high-voltage power
supply and efficiency up to 86%. Here is a 3v / 15v
boost circuit, in the discharge circuit to provide input
for the QAWO1 power module.

IV. SOFTWARE DESIGN

A.Fundamental Principles

Constant current charging is controlled by the digital
PI controller.

PI regulator is a linear controller, which according to
the given value--r(t) constitute the actual output--c(t)
the value of the control deviation.

e(t)=r(t)—c(t) )

The deviation of the ratio (P) and integral (I) by
forming a linear combination of a controlled amount of
the controlled object, its control law is as follows.

1 e
u(t) =K ,[e(t) +— jo e(t)dt]
g ©)
Where u(t) is the output of the PI controller, y (t) for

the PI regulator input, Kp is a proportionality factor,

TI is the integration time constant[4].

The proportion of links: timely response

proportional control system deviation signal e(t),
deviation, once produced, the controller generates

control action immediately in order to reduce bias.
Integral part: mainly used to eliminate static error
and improve the system's no difference degree.
PI control using incremental, feedback control

diagram is as follows.

l Un)=K, -an+I,(n-1) ‘

[ L,=1,0-D+K -dn+K,, ¢, |

RET

Fig. 11. Program Flow Diagram of PI Regulator
B.PI Parameter Selection
According to the transfer function (7) and BUCK
circuit capacitance and inductance parameters to get
the transfer function, and the use of PI correction, so

that the function reaches a steady state. Ig =15A,L=
ImH, C = 1000uF, R = 50Q, Kp =0.008, K;=0.02.

Ig
Guy(s)=—F———

1+~ s+ LCs”
R (7
The transfer function Bode diagram and the Bode

diagram after correction are as follows.

H Figure 1 =l e 2
Fle Edit View Insert Took Deskiop Window Help =
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Fig. 12. The Transfer Function Bode Diagram
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Fig. 13. The Bode Diagram After Correction
C.Practical Application
Since the current sensor output voltage signal, it
should be by the relation I = (U-2.5) /0.185 to convert
the data into a current value, and then use the digital PI
controller for each sampling value and the set value to

obtain three error by Kp ,K,is calculated to maintain

constant current output 1.5A PWM wave duty cycle
required, in order to control the MOSFET is turned on
and off time, and then play a regulatory role buck
circuit output current, output reached 1.5 a constant
current to charge the lithium battery effect.

V. THE PROGRESS OF THE SYSTEM

A. The Progress Of Charging And Over-current, Over
Charge Protection

When the sunlight is sufficient, with solar panels
working, its output voltage is higher than that of
discharge circuit,reverse switching diode between solar
panels and the output of discharge circuit,the load is
directly supplied by the solar energy power. On one
hand,solar panels give power to the load.On the other
hand,solar panels charge lithium battery through the
buck circuit with current sensor real-time sampling and
monitoring the current value and translating the
collected data to MSP430F149 MCU,which adopt PI
algorithm and calculate the PWM duty ratio to
maintain a constant current ,as well as always keep
stable current value of the charging circuit at 1.5A. In
order to averting the fluctuation of solar energy, which
makes the current of charging circuit is too large, the
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upper limit value is set in the charging procedure, to
play the role of over current protection. During this
period, the voltage gradually rises until 4.2V is
reached.Due to the effect of the voltage regulator tube,
the voltage is maintained at 4.2V. Lithium battery
become charged with a content value of voltage,during
this period, the current decrease gradually until 0.2A is
reached. If the value of current is below the low limit
(0.2A), adjust the duty ratio of the electric circuit of
DC-DC buck to 0,to stop charging, so as to avoid the
damage to lithium battery due to that the current of
charging circuit is too low.
B. Discharge Process
When solar energy is not enough,voltage of the the
solar panel is lower than that of the discharge. The load
is switched to the state of supplied by lithium battery
because of switching diode conduction. Lithium
battery power give power to the load through the Boost
Circuit, so that the load can continue to be supplied for
a period of time. Switching time is for the nanosecond,

so0 as to achieve continuous working of the load.
VI. ACTUAL SITUATION
A.Experimental Waveform

1.The open-loop output current waveform of BUCK
circuit is as follows.

g 10

Fig. 14. The Open-loop Output Current Waveform Of BUCK
Circuit
2.The open-loop output voltage waveform of BOOST
circuit is as follows.
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Fig. 15. The Open-loop Output Voltage Waveform Of Boost
Circuit

In Fig. 15 and Fig. 16, the load is a resistance, and

The crane overload protection system is a open-loop

control system, so the error of the test waveform is

relatively large.

3.The closed-loop output current waveform of BUCK

circuit is as follows.
(o) (1) [ niss |

GUWINSTEK

@FF 2.760

Fig. 16. The Closed-loop Output Current Waveform Of Buck
Circuit
In contrast, the effect of the closed-loop control of
the output waveform is better.
B.Physical Work

Fig. 17. Physical Work

C.Outdoor Measuring Case

The experiment is conducted in fine weather where
the measured ambient temperature is 27°C .Solar
panels is selected as the clean energy and an
incandescent lamp is selected as the load.

When solar panels are expanded and lighting is
adequate,the output voltage of solar panels is measured
as 12.6V. The current value of the duty cycle can be
seen in the 5110 screen which gradually rise, stabilize
at 40% and 1.5V in a short period of time and the
incandescent light can bulb normally.

When a half of solar panels is covered,the output
voltage of the solar panels is 5V,while the incandescent
light is made glow. The switching time between the
two power supply-solar panels and lithium battery is
less than distinguish time of human eye so it achieves
the desired effect.

VII. PRACTICAL SIGNIFICANCE

Due to the increasing depletion of fossil fuels, clean
energy applications is also augmenting. However the
stability of clean energy supply is disturbed by weather,
temperature and other factors. Clean energy fluctuation
is an important reason why clean energy development
is limited. For example, if a sudden power outage,but
there is not enough time to save the important data in
some devices , it may result in Immeasurable losses. In
this system,a lithium battery is used to store excess
energy firstly. It not only maximizes the use of clean
energy but also supply the devices for a while when
clean energy can not generate enough energy. If the
capacity of lithium battery is large enough, it can
ensure that there is enough time to complete the
remaining work or save important data, so that the
supply of clean energy is greatly improved to be more
stable, meanwhile the energy utilization ratio of clean
energy is higher. In addition, lithium battery is a new
type of energy storage device which embraces features
of environmental protection,small volume and light
weight, the advantages that lead-acid batteries have
not,so that it have a very prospective development
prospect.

VIII. CONCLUSION
Through the

experiments can explain that
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optimizing the control of clean energy generation to
lithium battery for energy storage system can be
applied in the case when the clean energy is abundant
or not,so that the load can work normally in both two
cases because of the control of charging and
discharging of the lithium battery, and the switching
time between the two power modes is less than the
time distinguished by human eyes so as to achieve the
desired effect. The system has an effect of improving
the energy utilization ratio of clean energy and
enhancing the stability of clean energy generation,so
there is a certain practical significance.
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Design and Implementation of Intelligent Garbage
Collection Car
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Abstract--The main content of this article is to the research and development of a smart car which is based on the stm32F103

micro controller. The design aims to design and implement a preset trajectory of the smart car travel and garbage collection

main functions. The design of the car consists of four modules. They are called power system design, control system design,

image recognition system design, wireless communication system design. Power system with four-wheel design architecture

uses DC motor. Control system uses stm32f103 chip as the core, by changing the duty cycle of the output PWM wave

Implementation of the trolley travel control. Image recognition system is to use the camera to identify the road ahead, which

can automatically avoid obstacles. The electrical design of trash implements wireless communications between trash and car.

Those make the car complete to the design requirements.

Keywords--Smart Car Garbage collection STM32F103 Wireless communication

I. INTRODUCTION

EcoNoMIC development accelerates the improvement
of people's living standards and urbanization process,
at the same time ,the emission of waste is increasing
rapidly. For reality of garbage swamping, the sight of
the world not only stays in how to control and
destroy the garbage, we need take a positive attitude
and effective measures to deal with the waste,and put
the garbage as "the second resource"of maintaining
sustainable economic development, ask the garbage
for resources and energy.

According to the present needs of the community,
to be garbage intelligent car research project [1]. The
project design smart car to the STM32f103 micro
controller core, using the camera to achieve
recognition and avoidance of road use NRF2401
24G  wireless communication module and
communication between the trash, 12,864 pairs of the
car with LCD display real-time status, low cost,
feature-rich, stable performance, easy maintenance,
etc., at the same time without changing the hardware
of the premise, to upgrade a large space, practicality.

In this study, the smart car is bold apply to
people's daily life, it is possible to reduce the waste
of human resources and economic resources, reduce
the burden on commercial streets or living quarters
sanitation cleaners make up for the domestic market

in this area.

II. SYSTEM DESIGN

The trolley system, including the two most
intelligent cars and stations, control stations using
wireless communication to achieve the main set
mode of operation of the car, deployment and
real-time status of each trash display. Car section
with minimum system micro controller to control the
core, through the completion of a number of
peripheral drive has been set garbage disposal. The
car has a camera tracking, speed measurement,
wireless control, sound and light tips and other
functions.

Car with automatic and manual modes of
operation. Automatic mode by the camera to detect
traffic and trash to find the target, the camera
tracking can achieve obstacle avoidance function [2],
to enhance the car's road adaptability. After the trash
after electrical design, can be alarm, when carrying
trash to a certain extent, it will trigger the sensor
sends a signal overflowing and buzzer alarm, the car
after detecting the signal, signal source analysis,
arrived at the designated location simulation of the
garbage collection process. After the recovery is
completed, the alarm is released, the car returned to
the specified location and continue to stand [3].

Car manual mode consists of 4 * 4 keyboard
switch, designated trash man selected by the

automatic car search to locate and simulate the
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garbage collection process. The manual mode is good
to avoid the appearance of interference in a wireless
communication after garbage collection problems[4].

ITII. GARBAGE COLLECTION CAR HARDWARE DESIGN

Smart car with a sound sensor system [5] motion
control  algorithms, real-time communications
capability and reliable actuators. Overall system
configuration diagram shown in Figure 1 with
specific functions:

4 %4 Motor
hutton drive
- . Bluet [, T )
The main | | From the Mechanica
console Console 1 arm
Speed .
. displ » webe:
display isplay webean
Status
Display

Fig .1.Structure and function diagram

Trolley hardware from the power system,control
system,wireless =~ communication  systems,image
recognition system.
A. Dynamic Design System

Firstly power DC motors, DC motors can achieve
a smooth and effective governor. And you do not
need with other devices, just change the input or
excitation voltage and current can achieve speed [6].
Linearity of the DC motor mechanical characteristics
good, fast, responsive, rotation torque, small size,
light weight, low cost, in addition, with a load
capacity DC motor, speed smooth, wide PWM
adjustment range. Realize the car steering, steering is
achieved by the power difference by changing the
speed of the wheels on both sides, resulting in a
speed difference. This program does not require
steering, the program is simple, easy to control. Car
driven by PWM pulse generated by the controller,
use L298 module for power amplifier, and then drive
a DC motor driven trolley. PWM pulse drive pulse
car use, improve the accuracy of the DC motor.
B.  Control System Design

Selection ~ STM32F103  series  low-power
single-chip [7]. The devices based on the ARM
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Cortex-M3 core, fast processing speed, clock
frequency up to 72MHz, while rich peripheral
resources, low prices. Compared with 51 single-chip,
more prominent advantages, including the obvious
advantages on processing speed, ample space and
on-chip memory address space, as well as
development tools UV4 STM32F103 with a
complete library functions and standard C compiler.
C. Wireless Communication System Design

Use, the module has a transmission speed, low
power consumption and low cost advantages based
NRF2401 2.4G wireless communication module [8].
This design is to achieve trash and trolley links.
Module on the dustbin of signals, control the car
forward or backward, to achieve intelligent effect.
Implement instructions via wireless communication
technology to receive and transmit [9], and can
display the current job status of each case and trolley
bins in real time.
D. Image Recognition System

Plane array camera using CMOS sensor [10], the
information collected throughout an image of the
road ahead, get traffic information in front of the car,
in Figure 2, then collected images through software
"binary” (Camera when collecting gray image is
larger than the preset threshold value be set to 1, the
contrary is set to 0), the use of PID algorithm based
on the binary image of the servo and motor control
[11]. In the automatic control system, PID controller
is a control method has been widely applied. Since
the size of the motor speed and armature
substantially proportional to the applied voltage,
which forms the basis of PID regulation. PID
operation process parameters and calculated values
are all multistage byte floating-point representations,
in the control process changing control parameters.
System run by the timer interrupt once every interval
T seconds, to complete a PID control calculation, so
as to continuously adjust the controlled parameter,
the main program of PWM drive module is changed
according to the control parameters PO port output
value to adjust the PWM output waveform, complete
Real-time control tasks, and finally to the car can
advance along a predetermined path. This method
can not only identify the center position of the road,
but also the direction of the road can be obtained, the
curvature of the road information and the like. This
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can effectively exercise control of the car, improving
Cars path tracking speed and running speed.

& [rs20 |[comr <22
=i ] @

ZetiE

Fig.2 .The car in front of the road image

Secondly, the two stations as the core part of the
trolley car, the master station can display the name
and status of the car, when the car forward or
backward, the display will have a corresponding
status display, it is easy to adjust the car ready state.
Car speed through speed encoder on the display, so
you can according to the actual situation of the car
speed subtraction. Master control station and from a
control station connected by Bluetooth module
communications, the keyboard connected to the main
control station. Initially, the keyboard a starting
signal to the car, the car began to move, the camera
on the road conditions were collected and determine,
camera will capture the image binarization process,
so that the car can move forward along a
predetermined path. Trash in the specified location
next to the road, camera capture into the trash, if the
trash does not reach a certain level alarm, the car will
not be processed trash. When the garbage to a certain
extent, an alarm signal, after the car receives this
signal to determine the signal source, and travel to
the specified location, simulation garbage collection.
When processing is complete return to the specified
location [12].
E.  Manipulator System Design

Manipulator using six degrees of freedom servo,
can freely grab any direction. When the car reaches
the specified position, the micro controller will send
a trigger signal to the robotithe robot motion
instructions execute stored grab handle to complete
work on the garbage.The smart car [13], a micro
controller to control the core, with a low cost,
feature-rich, stable performance, easy maintenance,
etc., but without changing the hardware of the

premise, to upgrade a large space, practicality.
IV.SOFTWARE DESIGN CRUISER

System used keil uvision4 and the stm32 micro
controller for data processing, using C language
development software part, so the software has good
readability, portability is good. The entire system
uses modular design program subroutine call each
subroutine block design is relatively independent,
easy to modify and adjust late. Program flow shown

in Figure 3.
Begin
A
Initial
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trash
Straight
can
A
. no Is
golng ul12
<
®
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Crawl
Fig.3 .Program flow chart
V.TESTING AND ANALYSIS

A. The camera parameters set

Camera with OV7670 module, which works for
the master system to FPGA platform, set the image
sensor output format RGB565, work clock is 72MHZ,
acquisition speed up to 30 frames per second,
300,000 effective pixels. We know that high-level
width equal HREF our line of pixels to display data
[14] number: VSTART VSTOP these two registers
determines the number of rows collection is highly
VSTART = HEIGHT * 2 + VSTOP; as long as the
input image starting line, field starting, width, height
calculated value of the corresponding register. We
need to spread the camera frame image width and a
height of 320 pixels and 240 pixels, register values
can be obtained according to the above method.
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Fixed threshold image used. 110,0-110 to a threshold,
greater than 110 representatives of the white areas is
0, 1, 0 represents black areas. Figure 4.
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Fig.4 . Camera captured images

For accuracy with the camera tracking also made
the corresponding test, only around ten laps the car
tracking will be deviations from the runway, so the
camera tracking with high accuracy.
B.  Robot parameter settings

Robots six servos, requires six timer channels, we
used different channels to control timers six servos
are the following timer: 4 channels 1 and timer 3
channel 2 and 3. The specific parameters CCR41 Val
= 800; CCR42 Val = 1350; CCR43 Val = 1500;
CCR44 Val = 400; CCR32_Val = 1500; CCR33 Val
= 1000; through different duty cycles to control the
rotation of different angles, the total length is 400 to
1600 on behalf of the angle from 0 to 180 °. From
top to bottom to open the corresponding timing
channels, the gradual completion of the mechanical
arm to rotate at different angles. Every movement of
the arm about a second delay. Kind shown in Figure
S:

Fig. 5. Robot physical map

VI.CONCLUSION

Intelligent garbage collection car designs based on
application requirements to stm32F103 control core,
combined with DC motor drive module, camera
driver module, sound and light tips modules and
photoelectric tachometer module, automatic tracking
trolley walk, automatic obstacle avoidance function ,
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and through wireless communication between the
hopper and the precise positioning of trash and
garbage points eliminate the analog signal emitted. It
implements intelligent and practical car.

The overall function of the car's design is divided
into manual and automatic modes. In automatic mode,
the car after receiving a signal emitted by garbage
overflowing point, the self-designated garbage starts
to complete the elimination of the analog signal at
the point of the task and return to continue to stand.
In the manual mode of operation can be selected at
random garbage bins, the car according to the
selected task. The manual mode is good at avoiding
the emergence of interference in a wireless
communication after garbage collection problems.

Joining in the garbage disposal robot, experimental
requirement in this regard is well done. Trash
electrical design also reflects intelligence. So we
achieve the aim to automatic manage the garbage.
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The measurement of cores' young's modulus and
Poisson's ratio based on electrical measuring
method

Xiong Yonghui; Chen Ying
(College of Instrument Science and Electrical Engineering, Jilin University, Changchun, 130061, China)

Abstract--Research on mechanical properties of rocks has great role in promoting seismic exploration, underground mining
and Carbon Dioxide and pollutand Sequestration . We can calculate the young's modulus and Poisson's ratio of the core by
measuring the stress and strain with the geophysics knowledge. These two physical quantity reflects the corresponding vertical
(horizontal) changes of the core when it’s in the transverse (longitudinal) force, this corresponding relationship of single
variable can be applied to the detection of underground. We have three modules to complete this work, they are sensor design,
data acquisition system design, program design of data analysis. This article first descriptions the research background, then
explains the design ideas and innovations, the feasibility of the experiment, focuses on how to carry out the design of sensor

and other information on the data collection and data etc.Finally, standard aluminum and rock core samples are measured

through experiment. At last, we draw some conlusions and disscuss the result.

Key words--Electric measuring method

I OBIECTIVE

WITH the function of force F, a metal wire will extend
AL,whose length being L and cross-sectional area S.
F/S stress and its physical meaning is the force on the
wire cross-sectional area; 6 L/L strain and its physical
meaning of elongation for wire per unit length. Stress
and strain than modulus: o 1 is a tiny change.

Young's modulus, which is along the longitudinal
modulus of, but also in terms of mechanics of
materials. In 1807 for United Kingdom doctor and
physicist Thomas young (Thomas Young, 1773-1829)
the result name. According to Hooke's law, objects
within the elastic limit, proportional to the stress and
strain, the ratio is called the modulus of the material, it
is the characterization of material properties of a
physical quantity, depending on the physical properties
of the material itself. Marks the rigidity of the material
size of young's modulus, young's modulus, and less
prone to deformation.

One of young's modulus of elasticity is the basis for
selected parts materials, is commonly used in
Study on the
determination of young's modulus of metal materials,

engineering design parameter.

fiber materials, semiconductors, nanomaterials,
polymers, ceramics, rubber, and other mechanical

properties of materials is important, can also be used
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Young's modulus Poisson's ratio high-precision real-time detection

for machine parts design, bio-mechanics, geology, and
other fields.

Poisson's ratio, elastic strain in the stress direction
contraction of objects (stretching) is also often
accompanied by perpendicular to the direction of the
horizontal strain ratio of lateral strain and strain known
as Poisson's ratio.

This physical volume indicates that the core force of
physical characteristics on underground exploration
and utilization of materials has been a big help.

I SYSTEM DESIGN

A Principle analysis

The project obtained by measurement of
stress-strain young's modulus and Poisson's ratio to
measure the mechanical properties of rocks.

Due to the nature of the material, by a force the
strain produced when very small. As a deformation of
a test is very difficult.

Solutions: Changes in deformation resistance strain
gages, resistance is proportional to strain relations,
strain converts the measurement of strain gage
measurement of resistance. Due to the small strain,
resistance values corresponding to the little, you want
to test is not easy to achieve, but through different
bridge circuits can be small changes in resistance to
big changes in the voltage change. Measurement of



Xiong Yonghui etc.: The measurement of cores' young's modulus and Poisson's ratio based on electrical measuring method

strain measurement of resistance into the bridge
voltage. Through the conversion of the final calculated
by measuring the voltage after external structure of
strain[1].

Were used to measure the electrical measuring
method, measurement is easy to zoom in, operations
such as filtering, facilitates high-precision dynamic
measurement of transient measurements. Young's
modulus and Poisson's ratio of these non-electric use
corresponds to the ratio of stress and strain analysis.
Sensor using strain gage Wheatstone bridge made for
conversion will be converted into voltage signals
corresponds to the direction of stress in order to collect
and process. In the zero-point correction in bridge
measurement processes by adding high precision
digital potentiometer for automatic compensation for
temperature effects, 18B20 chip is used. For voltage
measurement conversion 24-bit AD converter chip for
sample collection, and then into the computer to the

last step in processing the data operation.

B System design
Brid- A/d Com
ge |::> conv- :> SCM |:‘> -put
erter er

Fig.1 System block diagram
A/d converter, microcontroller, stress and strain
measurement device and computer, composed of
bridge and strain gauge sensors.

[II HARDWARE DESIGN

A Measurement circuits

Measuring circuit in Figure 2, circuit sensors for
pressure Gages, using high precision resistors with
sensitivity coefficients for Hui Sitong arm made of 155
of the strain-gauge bridge circuit Rgl,Rg2 for strain
gauge, Rgl=Rg2=R, leg equal to the initial resistance,
the error is less than 1 %o, two strain gage force

uniform and the same character.

Fig.2 Schematic diagram of bridge

Eo output voltage is derived as follows:

bo_p BOZHAR R )
R+Rg2 +AR R+ Rgl+ AR
Eo = Ei
2R+ AR
Eo—g_ A R/R
2+ AR/R
On resistance strain gage are as follows:
AR
R Ke

K strain sensitivity coefficient in the formula, to
strain;
So there are:
Ke
2+ Ke
Eo Ke
F  2+Ke
Solution:
2FEo/E
" K(1—Eo/E)

From the results, the bridge output voltage values for

Eo=E

E

the two strain gauges the stress of single-valued
functions, and in the application process, simply
measure the horizontal and vertical stress of the same
section. For accurate data, measured by average
decreases in the form of random error.

Young's modulus is based on isotropic linear elastic
theory, assuming that imposing uniform distribution,
there are, as the standard aluminum axial stress.
Young's modulus and Poisson's ratio of rock samples

as follows:

_ TX — _ al
011 = Erx€]7 = 04y = Eqi&fy

£

11

Erx Eal Y
€11

XY
PR
TXY

€11
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rx representing rock, al represents the aluminum

standard sample, £;; represents the axial strain, &5,

stands for transverse strain. Standard samples of
aluminum is a known constant young's modulus
69GPa.
B Data processing circuit

This part is divided into A/D two parts: reading and
computer processing, the amplifier directly amplified
by software, rolling up the data is magnified into the
through the MATLAB program for

calculation and mapping.

Initialize

computer

\

Zero adjustment

le

\y\
Readings

v

Serial transmission
T

End

Fig.3 Program flowchart (SCM)

When bridges is working, zero balance bridge
outputs are necessary, the traditional method is in
constant pressure water supply increased on the bridge
of a resistance larger of zero adjustment potentiometer,
manual adjustments. But here we are using digital
potentiometers in parallel in the form of automatic
zero, auto-zero circuit as shown in Figure 4. It is
mainly composed of RI1~R4 strain resistance,
resistance RP w, instrument amplifiers, Digital
Potentiometers as well as microcontroller components.
Bridge potential differences transmitted signal Digital
Potentiometers to MCU, microcontroller determines
whether the output voltage is zero voltage range
specified, if there are deviations, through single-chip
digital potentiometer for adjusting the output to meet
the requirements[2]. Program flow chart as shown in

Figure 6.
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Fig.4 Zeroing circuit schematic diagram

] e

1 2 E 1 7 U] 2
R L 2 \
7

{ Al
CS
i | IR, | 1D

7

W INC

U, |

Fig.5 Zeroing circuit diagram[3]
Because of the special strain gauges work
environment, bridge output that is orders of magnitude
smaller, vulnerable to interference, and the change in
temperature is another important factor. 18B20 we use
electronic chips to compensate.

Using resistance strain gages consisting of small
signal measurement circuits, the temperature when the
temperature drift of interference factors that cannot be
ignored. In order to minimize distortion caused by
temperature measurement, 18B20 can be used to detect
the ambient temperature after the measurement results
for a certain amount of compensation. Advance on the
resistance strain gage calibration; Strain gauges placed
in incubators, incubator temperature balance, each
record pressure and temperature signals. Adjust the
temperature in the incubator can be measured
throughout the temperature range under all selected
points of pressure and temperature signals. Then
prepare a temperature, linear error compensation
procedures, by measuring the temperature, calculate
the temperature area, and calculate the linear
coefficient of pressure signal area. Calculate actual
data point where the signal through the system. By
computer calculations and processing, temperature
compensated pressure signal error, zero temperature

error[4].
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‘ Start ,

A

\

Select the k group bridge

Voltage is
higher than
the preset

scope?

Vv

Increased
resistance

Voltage is
lower  than
the preset
scone?

Reducing
resistance

|—> K=6?

End

Fig.6 Zeroing procedure chart

IV DATA ANALYSIS

Table 1 output of the bridge

Times 1 2 3 4 5 6
output | 1.415 | 1.416 | 1.415 | 1.449 | 1.442 | 1.439

(mv)

Without zero before setting and temperature

compensation,  percussion having strain-gauge
aluminum, the data as shown in the table 1. Available
indicators of HX711 qualified for the requirements,
can test out the materials due to the low frequency
vibration and strain. But because of the strain gauges
are use Scotch tape to paste, force transmission is not
stable, So bridge output hysteresis exists.

In addition,In order to collect more accurate data, We
shorter collection

set a cycles,Therefore more

data.Which valid data accounted for a small part, so

late in the join filter in MATLAB may produce better
results

V CONCLUSION

Measurement of mechanical properties of rocks,
bridges can input micro-strain amplifier and converted
into electrical signals for us to use the computer for
real-time analysis. This measuring device using
Digital
Potentiometers to eliminate errors and disturbances in

temperature-compensated chips and

the process, makes the process more stable and reliable.
Of course, there will be more in the practical use of
interfering factors, measurement accuracy and chip
parameters, but practice shows that this device is more
convenient, fast, intuitive, able to do real-time
detection, we have produced a finished product and
validate them with good results.
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High Efficiency Portable Photovoltaic Solar Cell
Phone Charger

Shuchao Song; Zhang Xue; Shenzhen Yang
( Instrumentation & Electrical Engineering Institute,Jilin University, Changchun, 130021 )

Abstract: In this paper, a high efficient solar charger for mobile phone is implemented, which can transform light energy into

electricity by photovoltaic cells, and use the BUCK circuit to drop voltage amplitude to around 4.7 V. The electrical energy

transformed by solar energy is alternated into stable dc voltage to charge the mobile phone. The value of input voltage, input

current and output voltage are sampled by MSP430 microcomputer. The output voltage is controlled at the largest mobile

phone charging voltage through the MPPT algorithm and PI algorithm. In addition, the maximum output power of the

photovoltaic cell is tracked and the charging is more fast and efficient. The simulation and experimental results verify the

feasibility of the charger and algorithms.

Key words:

L.DIRECTION

WITH China's rapid economic development, population
increase, rising living standards, people demand for
energy is growing. Traditional energy sources such as
oil, natural gas and coal, etc, with the steady growth of
the future world energy consumption, one day will
reach the limit. Therefore the development and use of
renewable energy and green energy is important in
order to achieve sustainable development. And solar
energy is undoubtedly conform to the ideal of the
strategy of sustainable development of green energy,
the application of solar power has become the focus of
world attention.[1] In this paper, A MPPT algorithm
was used to optimize the monocrystalline silicon solar
energy as energy input, the additional charges and
related  protection  circuit and  single-chip
microcomputer control circuit of photovoltaic charger.
Circuit has the advantages of 121 simple structure,
overcurrent, overvoltage protection and charging
efficiency higher characteristic can effectively prevent
the battery because of sunshine duration of not are in
the process of charging and discharging due to
overcharge and deep discharge according to the cell

loss.
II.SYSTEM DESIGN AND WORKING PRINCIPLE

System is divided into two parts: hardware design

and software design. Hardware, MSP430 MCU
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Solar mobile power supply Digital analog converter PI controller BUCK converter MPPT algorithm

minimum system module, power module, buck circuit,
driving circuit module and sampling module five parts
together to form a step-down voltage regulator circuit;
software on the maximum power point tracking count
method and digital PID control algorithm, the solar
output power is transferred to the maximum and the
output voltage is stable in the range of mobile phone

rechargeable.

Q

—Jp Voltage [—JP|  DC/DC circuit ”IT
—Pp| sensor | —P —p =
. (buck circuit) g
=
= N
w ;'
S, g Current =
8 Drive £
e o sensor ¢ 2
g circuit g
3 =
2 a
Power <

’ SCM control unit
—" supply

circuit

Fig.1. Block diagram of solar cell phone charger

III. HARDWARE DESIGN

A. MSP430 profile

MSP430 is TI company launched a series of ultra
low power consumption microprocessor. Its
remarkable characteristic is with ultra-low power
consumption, there are five low power modes to
choose from, wake up time is very short, just 6 US,
also has powerful processing ability, high integration,

embedded module rich (12 bit A/D conversion, the 16
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bit timer, flash, etc)[2]. The charger adopts MSP430
series of MSP430F149 microcontroller as the main
control chip, through the sampling circuit real-time
acquisition of solar panels to the output voltage and
current, and the battery charge state, by calculating the
will In order to find the maximum output power of the
battery plate and determine the state of charge of the
rechargeable battery, it can also make the MCU enter
the low power consumption mode, effectively reduce
the system power consumption and enhance its
efficiency.
B. Power Module

This module uses 16 pin LLP or etssop package
dual
frequency 500kHzwide input range as the power chip,

single, output, buck regulator with fixed
with 3-20V input voltage range, dual 2A output, the
output voltage could be as low as 0.6V, with over
current protection, thermal shutdown characteristics,
used for automobile,

set-top  boxes, computer

peripherals and industrial control field.[3] This module

the LM26400Y and its peripheral circuit, was designed,

which can output 5V and 3.3V voltage power supply
circuit module at the same time, 430 and amplifier
power supply and power circuit transmission The input
voltage can be obtained directly from the solar panel,
so that the single circuit can be characterized by a
single power supply, as shown in Figure 2.
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F 1g.2. Power supply circuit
C. Buck Circuit Module
The figure 3 shows the buck circuit as the main
charging circuit. The ST company launched a new fast
recovery MOSFET transistor STW55NM60ND and
Eiseth company launched a fast recovery epitaxial
diode DSEI30-06A as a switch and fast recovery diode.

Vol

Were taken and 150uF 15uH electric and capacitor
composed a LC filter, inductance [6] capacitance
calculation formula is as follows:

1-D)*U
Filter inductance: L = M
2%f *]
. . U *#(1-D
Filter capacitor: C :L)z
8x U, *Lx*f
L
1L . Y
Pl Vin I. 1 Inductor Pl Vout
7 Rl ;| S00uH |
| Resl  STIW3SNMEON i
169K -
DI ==Cl Hm
DSED 06 30a Cap Res?
R3 100uF |5W5
Resl
30K M
= Res?

01

@
=

Fig.3. BUCK main circuit

D. Drive circuit module

This module uses the optocoupler isolation chip
(tlp250) and its peripheral circuits constitute. Driving
circuit and output voltage characteristic curve as
shown in Figure 4,5 and tlp250 is Japan's largest
semiconductor maker Toshiba launched, with isolation
voltage: 2500Vrms, one-way channel, output current:
1.5A and DC input characteristics. BUCK main circuit
using pulse width modulation (PWM) control the
charging current, the drive pulse width of the PWM
signal amplifying circuit after the increase or decrease
to change the size of the charge current.[4]

Ve
TLP]
Pl 1 AN
: = 1
| "— 3 § =0
4| [5__|onr
Header ] g
TLP250
VDD2 GND2
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15 VDD
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I Ixcs g 66N
17 T oo T wo
Header 2 TTUE 50V s
QADT

Fig.4. The driving circuit of TLP250
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Fig.5. Output voltage characteristic curve of TLP250

E.Sampling module

This module uses the acs712 current sensor module
and its peripheral circuit, to detect the current in the
system. By converting the current signal into a voltage
signal, access the MSP430 and realize A/D conversion.
Specific conversion formula for

Sampling of the voltage signal is based on the
voltage on both sides of the series sampling resistance,
and according to the proportion of acquisition voltage
through the following circuit to the microcontroller to

collect.
1 VCCh
—i P+ Vee 8 P3
— [P+ Viout - 1
out -
—4—244{ IP- FILTER |2
4 5 L3 =4
1 IP- GND | Cap | Cap
ACST12 i) 0. 1uF
GNDI

Fig.6. Sampling module circuit

I'V. SOFTWARE DESIGN

A. MPPT: maximum power point tracking

Output characteristics of 3.1.1 solar cellsThe output
characteristics of the solar cell is a nonlinear, but also
by the light intensity and temperature effects, such as
shown in Figure 7, solar battery at any time there are a
maximum power output, and with the light intensity
and temperature changes and changes. In order to
make solar battery in the power supply system give full
play to its photoelectric conversion ability, on the need
to control the operating point of the solar cells to

obtain maximum power output.
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Fig. 7. Power output curve
At present, there are three kinds of MPPT control
methods: fixed voltage method (CV), perturb and
(PO) method,
method (IC) and fuzzy logic control method etc. Is the

observe incremental conductance
most commonly used method of Po. Every certain time
through changing the PWM wave accounted for empty
than disturbance voltage output or PWM-+blank
PWM-blank and in real time sampling the output
voltage and current of the solar panels calculated
corresponding to an output power PI and then
compared with the pre disturbance power (PB),
according to the power variation is decided after the
disturbance direction when Pi>Pb to adjusted
according to PWM-+blank; when Pi<Pb is adjusted
according to the direction of the PWM-Pb. Step is
according to the direction of the maximum power point
gradually narrow. This will ensure the output power of
the solar panels to increase in the direction of change,
so repeated disturbance, measurement and comparison,
as to realize the maximum power point tracking.[5]
Because of the disturbance observation method of
the MPPT algorithm in the actual operation may be
due to the disturbance frequency is too large to large
power oscillation, so in the MPPT system, voltage and
current sampling precision is very important. Hardware
we first use the MSP430 series of 149 microcontroller
based on voltage and current sampling, the software
statistical methods to realize

we use sampling
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interference. The flow chart of the algorithm as shown
in Figure 8.

Before reading the current value of the voltage, the
following processing: the average value of the
collected data, excluding the difference between the

average value of the data, and then the average value.

.
start
R

Get 10A/Ddata

Calculatethe average
value of A/D data

v |sDfilavelovmax? ~
{0<i=g)

Reserved AD[] Delete AD[i]

Calculate all retention
data

Find the average value
of the data retention

Fig.8. The data acquisition flow chart of MPPT
B. Digital PI control Basic principles of Pl
1) The basic principle
PI regulator is a linear controller, it is based on a
given value R (T) and the actual output value C (T)
constitute the control deviation

e(t)=r(t)—c(t)

The deviation ratio (P) and integral (I) are controlled
by the linear combination of the control object.

u(t) = K [e(r) + TLI L e(t)dt]

Among them U (T) for the output of the PI controller, e
(T) for the input of the PI regulator, Kp for the ratio
coefficient, Ti for the integral time constant.
2) Discretization

Due to the control of the microcontroller is a
sampling control, it can only according to the sampling
time error value calculation amount control. Therefore,
it is necessary to of type is discretized by a series of
sampling time point K represents the continuous time t,
discrete PI control algorithm expression is:

Au(k) = u(k) —u(k —1) = K [e(k) —e(k —1)]+ K, e(k)

b
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Fig. 9. Flow chart of PI control
C. Practical application of PI algorithm

In this paper, the digital PI regulator, to adjust the
buck circuit output voltage. Uses PI regulator for real
time and measuring the current in the circuit. Specific
ways for: from the main circuit, the current sampling,
conversion voltage and magnified and transported to
430 singlechip, and the ad program transforms analog
quantity into digital quantity data, and carries on the
judgment, at this time if the current is too large, the PI
regulator off; if in the normal range will be the current
default values are compared. The error of PI algorithm
adjusted, output voltage leaping out of the maximum
limit, the output duty ratio equal to 90%, namely
cmpr2=u0 =cmpr1*90%; if the output voltage leaping
out of the minimum limit, the output duty ratio is equal
to 10%, that is cmpr2=u0=cmprl*10%.PI output
voltage value as the duty ratio adjustment to 430 SCM
outputs are accounted for empty than to the switch tube,
thus changing the circuit voltage. Schematic diagram

as follows:
main circuit Set value
', S ——
—_
430single chip Current \ | u
microcompute sampling & * v 1 Pl controller T
|
Feedback
coefficient

Fig.10. PI algorithm implementation principle diagram
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D.Simulation on Line

To the charging system modeling and a series of
simulation using Matlab/Simulink components, circuit
diagram is as shown in the following image, shown in
the discrete sampling time, combined with
POWERGUI to simulation of the model, optimized the
parameters of the PI controller, in several tests
obtained under ideal waveform.
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Figll. Output voltage waveform under PI control controlling
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Fig. 12. Output current waveform under PI controlFig
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Fig.13. System simulation model

V. COMPARISON AND ANALYSIS OF EXPERIMENTAL

RESULTS
A.Implementation of digital PI control

In each specific light illumination conditions, board

testing system to stabilize the charging voltage of the
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maximum value, and the output voltage stable near the
set point, without static error adjustment. (best picture)
Artificially given output voltage setting value, and
in accordance with the step increase or decrease set,
lamp 220V, 60W
incandescent lamp to illuminate the solar battery board,

after measuring, using 10
to achieve the maximum stable voltage 5.2v. At this
time, the PWM air ratio is about 33%; if off two lamps
with incandescent lamp, the maximum voltage stability
will be dropped to 4.4V.
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B.Implementation of MPPT algorithm

In the test methods mentioned above, each light
illumination conditions, the maximum power point
tracking algorithm can achieve solar panels under
specific conditions output maximum power. Using the
perturbation and observation method, depending on the
direction of the maximum power point determines the
output voltage change, change the output voltage
setting, followed by the use of PI regulator output
voltage follow to set the value. In the measurement
process, the specific light illumination conditions, the
MPPT algorithm to realize the system automatically
adjusts the output voltage maximum to achieve
maximum power output.
Cc. To achieve the charging of mobile phone charger

The system output voltage is maintained in the
range of 4.5V~5.2V, the charge current is maintained
at about 0.4~0.7A, can realize the specification is 4.2V,
5Wh mobile phone lithium battery fast charge.
D. On the problem of charging efficiency

The charge efficiency is the ratio of the output
power of the system and the output power of the solar
panels, the LCD screen is used to display the input
power of the solar panel, and the output power of the
output is displayed.

Test time: September 6, 2015 morning 11:00 tester:
Zhang Xue Yang Shenzhen Song Shuchao test

instrument:  oscilloscope, MSP430F149 (ADI12
sampling)

Data 2:

TABLE 2
TEST DATA 2
Vin Vout (lout [Pin Pout
Tin( A 2 %
(V) (V) [(A) [(W) [(W)

Oscilloscopel|11.28 |0.512 [4.83 ]0.985 |5.78 |4.76 82.28%
sampling1 11.3  0.52 4.8 1.02  |5.87 4.89 83%
Oscilloscope2(11.04 (0.576 [4.72 1.106 |6.36 5.22 82.04%
sampling2 |11 0.57 4.7 1.1 6.3 5.17 82%
Oscilloscope3(10.96 (0.567 [4.58 1.109 16.22 5.08 81.67%
sampling3 11 0.56 4.6 .11 16.23 5.1 81.7%
Oscilloscope4({10.56 0.58 4.32 |I.1 6.125 |4.75 77.55%
sampling4  |10.6 [0.57 |4.3 1.1 6.06 |4.73 77.6%
Oscilloscope5|11.58 |0.553 [4.95 1.078 6.4 5.34 83.42%
sampling5 [11.6 [0.56 |5 1.1 6.55 |55 83.4%

Comparison of two experimental data:

The following is the two test data and conclusions: n (%)

Test time: September 5, 2015 afternoon 2:00 tester: e
Zhang Xue Song Shuchao test instrument: oscilloscope, 0.8 —d,_._\\
MSP430F149 (AD12 sampling). = =

Data 1: D:sz - r

TABLE 1 o2 A\ —_— (%)
TEST DATA 1 E:i o
Vin (lin [Vout |lout |Pin Pout n 0.74
(V) [(A) (V) [(A) (W) [(W) (%) | >
Oscilloscope1(12.38 [0.538 [5.145 {1.129 |6.66 [5.81 |87.34% 12.38128711.9912 0512 4611 2811.0410.96 105611 58
samplingl 124 1053 |52 (1.1 |6.57 [5.72 [87.3% Fig.14. Test data comparison chart
Oscilloscope2(12.87 [0.542 [5.205 {1.158 |6.98  [6.03  |86.44% The following conclusions can be drawn from the
sampling2  [12.8 [0.54 [52 [1.15 [6.92 [5.98 [86.5% above data: When the input voltage is about 12V, the
Oscilloscope3|11.99 0.563 [4.955 [1.209 [6.75 [5.99 [s8.81% conversion efficiency of the main circuit can reach
amplingd |12 055 |49 |12 |66  |5.88 [s8.8% 90%, the average efficiency is 84.4%, the input voltage
Oscilloscope4{12.05 [0.587 [5.01 [1.257 [7.07 (6.3  [89.04% is 1013V, the output ,VOltage is 4.5-5.2V, the output
current 0.8-1.2A, can give the phone fast charge.

samplingd |12 0.58 |5 1.25 [6.96 16.25 |89%
Oscilloscope5(12.46 [0.512 |4.88 [1.113 |6.38 [5.43 |85.03% VI .CONCLUSION
sampling5 [12.5 [0.51 4.9 (1.1 637 [5.39 85%

Using MSP430F149 microcontroller as the main
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control unit, combined with other chips and circuit is
composed of a solar cell phone charger, the PWM
output voltage, which has the advantages of flexible
control, strong carrying capacity, stability, with
characteristics of self adjustment ability, can
automatically find the maximum power point of solar
panels, to improve the conversion efficiency of the
charger.
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Research and Manufacture of Remote Control
Intelligent Power Supply

Qiao Donghao; Wang Nan; Chu Shiying
(College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026,China)

Abstract--This design is based on the MSP430 microcontroller remote control intelligent power supply. The hardware design
of the system includes a battery charge / discharge module, a voltage conversion module, an overcurrent protection module, an
alarm module, a LCD liquid crystal display module and a keyboard control module. The output voltage value of the system
can be continuously adjusted from 0V to 20V and the step value is 0.1V. In software design, the MCU program is written in C
language and the upper computer program is developed in Visual Basic 6.0. The experimental results showed that the system
can not only well realize serial communication between the upper computer and the MCU, but also achieve the purpose of
accurate data exchange. We transmit data by using an USB data line to connect the hardware circuit and the upper computer.

The advantages of this system are low cost, high reliability, simple and convenient operation. We connected the upper

computer with the MCU and as a result, the system was able to supply power in a remote and intelligent way.

Key words--long-distance intelligence storage battery man-machine interaction

I. INTRODUCTION

NOWADAYS people greatly enjoy the convenience of
electronics, but all electronic devices have a common
power supply circuit. With the development of science
and technology, electronics are now widely used in
various daily routines, scientific research as well as
fields of academics. Power is an essential energy
supply when it comes to electronic components,
research and development on power has made
indisputable contributions to the development and
promotion of new technologies and equipment. Today,
an increasing number of people have more than one
electronic device, and companies keep come out with
more and more devices in all shapes and sizes. Each
device has its own method of power supply, therefore
significant problems have arisen when we charge our
devices. Furthermore, battery life and its safety is no
longer guaranteed[1].

II. MEANING OF REASERCH

With the rapid development of electronic sector,
supplying power and charging devices has penetrated
into all walks of life, bringing mankind great market
opportunities while at the same time imposing

challenges to the power market. High market

opportunities lead to high demand, as a result, new

requirements for the power supply have been requested
and companies have no choice but to implement them.
Equipment that provide power to electronic devices
should be highly reliable and easy to control. Now,
along with the rapid development of the DC power
supply technique, the rectification system has broken
away from its previous discrete components and
integrate circuit control to evolve into microcomputer
control. The result of its evolution succeed in making
the DC power intelligent, capable of remote
monitoring and alarm functions, so as DC power could
function without human attendance.

Generally, the voltage source is either at a fixed or a
limited number of voltage values, making it hard to
achieve universality. Common DC power supplies
adjust the output voltage by first adjusting the output
sampling resistor branch in the potentiometer. The
resistance of the potentiometer changes in a nonlinear
matter with a narrow range of adjustment, stopping the
common DC power supplies from gaining a precise
output voltage adjustment. In addition, most DC power
supplies have a knob switch that enables voltage
adjustment, yet these switches not only have low
accuracy, they are also very complicated to use.

We’ve integrated two different technologies: the
digital  control  technology of single chip
microcomputers and the remote control technology of
the host computer, designing a cost-effective remote

control and intelligent power supply. The circuit can be
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adjusted simply by clicking a button, and the step
value of the adjustment increases by an increment of
0.1V,
adjustment for different electronic devices. In addition,

eliminating possible inaccurate voltage
the host computer can set the output voltage,
simplifying the process of voltage adjustment. There is
an LCD screen on the power supply that enables users
to observe the output voltage and current
simultaneously, ensuring users that the output voltage
is safe and stable. The device is also intelligently
managed and able to effectively overcome the
disadvantages of that traditional power supplies
possess. It can also charge electronics such as
cellphones, computers and other small devices that
require power. We’ve made a machine that has
multiple uses: the device has a safety monitoring
function that can be observed real-time through a
computer. When the numbers do not meet the safety
regulations, an automatic alarm system will sound and
cut off power supply immediately. The device can
bring much convenience to users while at the same
time reducing emission, protecting the environment
and ultimately contributing to the advancement of
science and technology in our era[1].

As we advance forward in time we have seen social
progress, science and technological development as
well as an advancement and improvement of people’s
living standards and quality of life[2]. Therefore,
researching and designing a high performance,
efficient and intelligent power supply device is more
than essential, so as to meet the needs of the people of

the 21st century.

III. IMPLEMENTATION PLAN

A. The research ideas and methods

The hardware design of the system includes a
battery charge / discharge module, a voltage
conversion module, an overcurrent protection module,
an alarm module, a LCD liquid crystal display module
and a keyboard control module. The output voltage
value of the system can be continuously adjusted from
0V to 20V, with the step value at 0.1V. The battery
posses the function to prevent overcharge, and it can be
charged with a 220V charger. When the battery
discharges, its output voltage is at 24V, which then

converts into 0-20V after passing through the voltage
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conversion module. By clicking the buttons on the
device we can adjust the output voltage that has a step
value of 0.1V. precisely so that it can adapt to the
electronic device in use. The liquid crystal display
module’s function is to display the output voltage and
current. If the output current is too large, if the power
consumption is less than 15% or if the circuit is
malfunctioning, an alarm will sound automatically.

MSP430

microcomputer as the motherboard that controls every

This circuit uses the single chip
part of the device while maintaining the normal
operation of the system[3],[4]. The MSP430 single
chip has strong processing abilities, a fast computing
speed, low power consumption and as well as other
advantages[5]. This design also has a remote
monitoring module, which can connect the battery to a
computer using an USB data line or wireless internet.
We use VB to design an upper computer interface on
the computer so as to to display battery output voltage,
current, charge / discharge time and cell loss. The
interface can also control the battery output voltage
and operation of the charge / discharge and system.

The block diagram of the system is shown in figure 1.

Protect Output
Power |—p| Charge | Battery ! Co:/ersion
)
Alarm |[€4—| Monitor |4 430 » LCD
¥
computer  [¢—Pp communication

Figurel System Block Diagram
B. The main module, implementation plans and
technology roadmap
The battery charge/discharge module charges using
a 220V battery, and if the battery is being charge with a
high current and the voltage reaches its supper limit, a
silicon tube will conduct and offset the battery so that
it will emit a smaller and more allowable charge. The
data communication module transmits data back and
forth the MCU and the upper computer using a USB
date line.
The computer monitoring module first receives the
information transmitted by the USB, then displays and
saves the relevant data onto the computer, finally

processing the data and analyzing it. The computer can
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also control battery charge/discharge, the battery’s
system of operation as well as its output voltage.

The voltage conversion module converts the initial
battery output voltage of 24V into a continuous voltage
that adjusts between 0-20V so as to meet the needs of
different charging devices. The power supply module
uses a 24V regulator as a 7824 chip, and if the
preceding output power supply shows fluctuations, it
will have no negative effects on the latter half of the
output because there is a self-regulating chip. When
battery is less than 15%, or the battery is faulty, the
alarm module will sound. The alarm function is locked
when device is charging.

The MSP430 basic circuit module connects a MCU
to a crystal oscillator and reset circuit, finally
connecting the whole thing to a power supply and the
ground. The monitoring module will reset the system
when it breaks down, and it will also monitor whether
or not the microprocessor is functioning normally. If
there are problems such as a system crash, the
monitoring module will generate a reset pulse that will
effectively reset the system so it restores to normal
operation. The LCD module receives and displays data
sent by the MCU, and the circuit protection module
prevents the battery from overvoltage, over-current and
short circuits[2],[6]. The MSP430 peripheral circuit is

shown in figure 2.

&
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Figure2 MSP430 Peripheral Circuit
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Figure3 Switch Power Supply Circuit Diagram
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Figure4 Linear Power Supply Circuit Diagram

Figure 3 is a TL494 with a built-in reference voltage
source of 5V, it uses pulse regulation to control output
voltage[1]. The device is highly efficient, yet in reality
difficult for it to be adjusted to OV. However, as shown
in figure 3, TLC5615 can convert digital signals into
analog. After comparing the analog signal output using
a comparator an output voltage is produced. The circuit
is simple and easily achieved. The ripples are small
and within controllable range. Thus shown in figure 4,
selection of the DA model resulted in the active control
of the circuit’s output voltage[7].

V. FUNCTIONS IMPLEMENTED

A. Basic Functions

The output voltage value of the system can be
continuously adjusted from OV to 20V with the step
value at 0.1V. We can adjust the output voltage by the
pressing the keys on the device, making usage more
convenient and data more accurate for various types of
electronics. The output voltage and current will display
on the LCD screen. As shown in figure 5, the device
can also charge cellphones, computers and other small
electronics, ultimately achieving multifunction. The
device also has alarm function that detects over-current,
making the system safer and more reliable. The use of
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serial data lines connects the hardware circuit to the
upper computer, which displays the output voltage and
supply[8]. The output
conveniently set on the upper computer. This system

power voltage can be

can also be controlled remotely, so as to bring

convenience to people’ lives

Figure 5 Hardware Circuit

B.  Project innovation

-- alarm sounds when overvoltage and overcurrent
occurs

-- an upper computer that displays and controls the
output voltage and current.

-- use of a USB data line to connect the hardware
circuit and the upper computer in order to achieve
remote control

--Fourth, continuously adjustable voltage with a step
value of 0.1V. This facilitates the accurate matching of
various small electronics.

VI. SOFTWARE FUNCTION OF REMOTE MEASUREMENT

Comparing to other similar products in the market
this product has it own characteristics, it has the
function of remote upper computer control. The
maintenance and adjustment of other similar products
require staff to the power supply. If a larger range
measurement in the field, when the output voltage
value needs to be adjusted, back and forth measuring
will increase staff’s workload and waste them a lot of
time. The power supply can provide voltage of 0-20V
to the experimental equipments from a long distance
and remote setting of the output voltage, greatly
reducing the power user's workload, improve work
efficiency. This product can also be used as a backup
power supply for cars. For the vehicles which will
travel for a long-distance, the power supply can not
only provide 12V as the vehicle power, but also for
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people's mobile phones, computers and other electronic
communications equipment to charge, so that it
provide convenience for travel. Upper computer
interface displays the current output current and
voltage, users can set the output voltage on the upper
computer, it is very convenient and quick. The upper
computer interface is shown in figure 6[9].

7
i

Laj@E (05.0 v HEies (0000 mh

wERE | -0

zau

Figure6 Upper Computer Interface
void PutString(uchar *ptr)
{
uchar i;
for(i=0;i<9;i++)
{
while (I(IFG1 & UTXIFGO0));
// TX buffer empty?
TXBUFO0 = *ptr++;
// send data
}
}
ptr[1]=vout/100+'0";
ptr[2]=vout%100/10+'0";
ptr[3]=
ptr[4]=vout%10+'0";
ptr[5]=Curr_Volt/1000+'0";
ptr[6]=Curr_Volt%1000/100+'0";
ptr[7]=Curr_Volt%100/10+'0";
ptr[8]=Curr_Volt%10+'0";
ck++;if(ck>5) {ck=0;PutString(ptr);}
//send data to pc
Tablel Data Format
| st | Do |DI| ...
Start—Start bit
DO ~ D7—S8 bit data
Stop—Stop bit
A.  Transport Protocol

| D6 | D7 | Stop |

--First, baud rate: the microcontroller need tocalculate
the value of the UART register according to the use of
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the system clock frequency Rate (fosc), combined with
the selected communication baud rate, the result is
9600.In order to ensure the accuracy of data
transmission, the communication band rate of upper
computer COM port must also be set the same value as
the rate of microcontroller.

--Second, data format: data format consists of 1 start
bit, 8 data bits, no parity, 1 stop bit, as shown in table
1.

The standard values of the data bits are 5, 7, and 8
bits, depending on the information that is required to
be delivered when the system is designed. For example,
the standard ASCII code is 0 to 127 (7 bits), the
extension of the ASCII code is 0 ~ 255 (8 bit). The
stop bit is used to indicate the last bit of a single
package, typically 1, 1.5, and 2 bits. Since the data is
timed on the transmission line, and each device has its
own clock, it is possible in the communication between
the two devices appeared a little bit of synchronization.
So stop bits are not just the end of the transmission, but
also provide the opportunity for the system to correct
the clock synchronization. Parity bits in the serial
communication is only a simple way of checking, can
not be considered[8],[10].

B. Software Flow Chart(As shown in diagraml)

Start

A 4

Close the guard dog

Keyl Key2 Key3

Voltage increase || Voltage decrease || Reset

\ 4

Gorge send voltage,current to upper computer

A 4

End

Figure 7 Software Flow Chart
Figure 8 is a curve diagram indicating the calculated
test results of voltage error. We can see from this
diagram that within 0-20V, error is small with no load,
output errors are more stable than no load and when
the load is small the overall results are better than that
of a big load.
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Figure8 Output-voltage Error
VI.TEST RESULT
Data in table 2 is the technical index of the remote

control power supply acquired through tests
Table2 Technical Indicators

Maximum current 500mA
Ripple wave Coutput voltage=5V, load=20Q.5W) | 5mV
Maximum power 6859.8mW
Maximum efficiency(20Q) 76%
Maximum efficiency(50Q) 77.6%
Range of ouput voltage 0~21v
Voltage regulation factor (20€) Sv=89.7%
Current regulation factor (20€) SI=83.3%

VII. CONCLUSION

This design has met the desired standards and
requirements of design. We have invented a device that
can regulate voltage between 0-20V, a device that has a
maximum current of 50mA and a maximum efficient
greater that 75%. The device is a handy charging
machine that is convenient for both indoors and
outdoors. The battery has found solutions to the
problems that cellphones, tablets, laptops, chargeable
lamps as well as other electronics have when charging.
Compared to similar devices on the market, ours have
an additional remote control capacity, making it more
reliable and easily accessed. Users of the device are
able to observe output voltage and current, control the
battery, as a result greatly facilitating users themselves.
We have also taken a stride in the aspect of power
control. However, among other defects, the range of
control is limited by the length of the USB cord. In the
future, we can add Bluetooth to the power supply and
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computer so as to make communication simpler and

more convenient while increasing range of

communication.
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Portable air humidifier based on the two-wheel
self-balanced vehicle
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Abstract--The ordinary air humidifier humidification scope is limited, and it can't adjust the indoor humidity. Portable air

humidifier of the two-wheel self-balanced vehicle can move to indoor humidifying. It uses single-chip microcomputer control

technology and PID control for the entire indoor humidity balance, and it can monitor the indoor humidity.

Key words--Two-wheel self-balanced vehicle Air humidifier

L INTRODUCTION

THE climate is very dry, and the air humidity is small.
It not only made people uncomfortable, also had some
bacteria and germs multiply and spread. Test showed
that it should be controlled in45% ~ 60%. And the
current commercially available air humidifier can't
achieve this range accurately. It also can not reach
uniform indoor humidifying. Two-wheel self-balanced
vehicle has flexible, intelligent control and the
advantages of simple operation. It applies to run within
the narrow space, and it has good prospects for
development. It support the development and
utilization of later. Therefore, this project is portable
air humidifier based on the two-wheel self-balanced
vehicle[1-3]. It can be movably uniform on indoor
humidifying, and realize the balance of the indoor
temperature. In the office without air conditioning,
especially the bedroom environment, mobile air

humidifier is very practical.

II. PROJECT INTRODUCTION

The project design of the portable air humidifier
with the single chip processor as the master control
chip. Installed on the body of the gyroscope (gyro
output value is relatively sensitive shaft angular rate,
the angular rate of time integral can get around the
sensitive axis rotation Angle values) and acceleration
sensor real-time acquisition data, and transmit to the
master controller main controller for kalman filtering
and balancing algorithm processing. Then it attitudes
adjustment needed for the wheel acceleration value,
conversion for motor control. Through a serial port

sent to the servo controller, and two routing control
servo drive of servo motor encoder of posture
adjustment is installed on the wheel to get the actual
speed [4] and run distance. It feedbacks back to the
main controller, through the PID algorithm[5] adjusted
again for error control quantity is sent to the servo
controller, forming a closed loop feedback constant
adjustment and the whole system can maintain the
balance of the car, through the acquisition of
temperature and humidity, air temperature and
humidity information to humidity information
transmission to master control chip, humidifier for
fuzzy control and PID control to adjust the humidity to
specify humidity; Master control chip by ultrasonic
sensor control motor, returned to the car in indoor
automatic obstacle avoidance, and use the humidity
information collection back to make cars tend to be

low humidity area.

III. THE SYSTEM STRUCTURE

The circuit design of the whole system includes
MCU module, automatic humidification module,
temperature module, obstacle avoidance module,
balancing module, voltage regulator module. System
structure diagram is shown in Figure 1.

87



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2016
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[ [

minimum system

Fig.1 System structure block diagram

IV. STRUCTURE MODULE

A.  Voltage Regulator Module

Use 3 section 3.7 V lithium batteries. For single chip
microcomputer minimum system, need to provide the
stability of the 5 V power supply, as the linearity

LM2940 voltage stability is very good, so choose
LM2940-5 single on the power supply. LM2596-5
conversion efficiency is high, the load capacity is big,
but the disadvantage is that the ripple voltage is big,
not suitable for single chip power supply, while other
modules need by large current, to other modules to
make sure that the power charging power supply.
B.  MCU Module

Use STM32F103C8T6 single-chip microcomputer[6]
as main control chip. the microcontroller architecture
includes Cortex-M3 CPU, 20 KB RAM, 12 road PWM
output, working voltage is 2.0 ~ 3.6V, 64KB storage
space, seven timer, 16-way external interrupt I/O port,
nine communication interface. By including Vision4
IDE program burning software of single chip
microcomputer burn. The corresponding circuit Figure
2.
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Fig.2 Single chip microcomputer minimum system circuit diagram

C. Balance Module

Choosing MPU - 6050 as measuring car Angle
sensor. The measured data into master control chip,
through the main control chip kalman filtering and
balancing algorithm processing, attitude adjustment
needed for the wheel acceleration value, conversion
for motor control, through a serial port sent to the
motor drive, two routing motor driven dc motor
control posture adjustment is installed on the wheels of
the encoder to get the actual speed and distance,
feedback back to the main controller, adjusted by PID
algorithm error will be sent to the motor driver control
quantity again, forming a closed loop feedback
constantly adjust the whole system can maintain the
balance of the car[7]. MPU - 6050 gyroscope[8] circuit
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diagram as shown in figure 3, motor drive circuit
diagram as shown in figure 4.
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Fig.3 MPU - 6050 circuit diagram
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Fig.4 Motor drive circuit diagram

D. Obstacle Avoidance Module

Obstacle avoidance module mainly through the HC -
SR04 ultrasonic sensors to collect information. It
determines the car around the obstacle position, and
makes the car in a timely manner to avoid. Moving
towards the direction of the relative humidity is low.
HC - SR04 ultrasonic ranging module can provide 2
cm to 400 cm non-contact distance measurement
function, measuring Angle is 15° high ranging
accuracy can reach to 3 mm. The input trigger signal
for the 10us TTL pulses.
E.  Humidity Module

DHT?22 digital temperature and humidity sensor is a
containing compound sensor has been calibrated
digital signal output temperature and humidity. It uses
a dedicated digital acquisition technology and the
temperature and humidity sensor technology. Includes
a capacitive moisture sensor element and a NTC
temperature measuring element. It is connected with a
high-performance 8-bit microcontroller, so it is super
fast response, strong anti-interference ability and
extremely high performance-price ratio. Every DHT22
sensor in extremely precise humidity calibration
laboratory calibration, the calibration coefficient in the
form of a program stored in the OTP memory, sensor
inside in the process of detecting signal processing to
invoke the calibration coefficient. DHT22 sensor
signal transmission distance can reach more than 20 m
and its measuring conditions for -20°C~80°C, humidity
accuracy of = 5% RH, temperature accuracy is less
than the plus or minus £0.5°C; Single bus interface,
communication time is 5 ms.
F.  Humidification Module

Ultrasonic ~ humidifier =~ adopt  high-frequency
oscillation (oscillation frequency is 1.7 MHz, more
than hearing range). By atomizing chip high frequency
resonance, leaving the water and produce natural
flowing water mist on the water surface. It produces
atomized particles even in 5 microns, the index of
energy consumption per unit of humidification
quantity to a minimum. Power consumption of the
ultrasonic humidifier is much lower than other
humidifier, and its noise is smaller than other
humidifier. Using other humidifier is big two rounds of
the car can't balance problem, and the ultrasonic
humidifier is small in size. So the ultrasonic humidifier

is more suitable for this design.
V. SOFTWARE PROGRAM
System software flow is shown in figure 5.

Initialize

Humidity acquisition

Judge whether

need to add wet? Humidification

Ultrasonic ranging

End

Fig.5 The flow chart of system software

After turn on the switch, System start into
initialization, mainly completing soft reset, model set,
clock frequency setting and tube Angle setting. Then
balance module measure all the data which is
transmitted to the single chip microcomputer minimum
system module to control the two rounds of car
balance, after acquisition of humidity, distance of the

89



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2016

transferred to SCM smallest system, notify the PWM

control the motor rotation and humidifier
humidification accurately. Two rounds of car since the

balance of PID control[9-10] flow chart as shown in

Input current Angle Err

v

Calculate the deviation

figure 6.

change Def

v

OUT=Err*KP+Def*KD

v

Motor dead zone

OUT in the can
Too high

control range?

A 4

Set OUT to forward Set OUT to reverse the

the highest control minimum control

Motor control

End

Fig.6  Since the balance of PID control flow chart

VI. FUNCTIONAL TESTING AND APPLICATION

The design of the system is used to let the city
wetter. To test the effect of humidification, choosing
the weather (average humidity) in the experiments and
indoor different place (in indoor take five points) begin
humidification test. Test results such as table 1 and
table 2.
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Table 1 Different weather humidity test table

The serial | Weather Initial Final Time
number humidity | humidity
1 Sunny 31% 42% 2h
2 Rain 38% 46% lh
3 Cloudy 35% 45% 1.5h
4 Cloudy 36% 43% 1.3h
Table 2 Different locations humidity test table
Location Initial humidity Final humidity
1 35% 45%
2 35% 44%
3 34% 42%
4 33% 44%
5 32% 43%

Table 1 and table 2 show that our basic design can
reach above specified humidity in any weather. But the
time required are greatly influenced by the weather
changes. In a rainy day humidifier or humidity, it is
easier to reach their goals. Measured indoor humidity
of the maximum in different parts deviation is also less
than 5%. It achieves uniform humidification basically.

VII. CONCLUSION

This paper presents a design scheme of movable
humidifier. The combination of the two-wheel
self-balancing dolly and humidifier realize in an indoor
mobile humidifying, and it realizes the uniform
humidification. The car can be under the control of
unmanned air humidification, through ultrasonic
obstacle avoidance function successfully to avoid
obstacles. Experimental results show that the design of
indoor humidifying in any weather can reach the goal.
The humidity indoor humidity biggest difference (the
largest indoor humidity and the difference of minimum
humidity) can also be controlled in 5%, and it achieves
good experimental effect, this basic design meets the
requirement. This design has the characteristics such
as small volume, low power consumption, and action
address. Thus, it has a broad application prospect.
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Design and implementation of multifunction
distributed environmental monitoring system

Gang Chen; Jiaxin Zhang;Ning Guo
(Instrument Science and Electrical Engineering, Jilin University, Changchun 130012)

Abstract--This paper introduces a design that STC89C52 high-performance single chip micro controller as the core, using

temperature and humidity sensor DHT11, smoke detectors MQ - 2 and sensor DSM501 air data, and pass by GPRS module to

send first place machine distributed environmental monitoring system. The system can quickly and real-time monitoring of the

key data index system environment, and the wireless signal coverage through general packet radio service (GPRS) technology

will monitor the data sent to the specified upper machine, overcome before enough relevant data monitoring system in real

time, shortcomings and so on instrument bulk is not convenient to carry, is the future focus direction of the field.

Key words--Environmental Monitoring STC89CS2

INTRODUCTION

IN recent years, with the continuous development of
social economy, environmental problems increasingly
serious, the environment problem is very serious. In
environmental  protection  work, environmental
monitoring as a important link, can to people around
the living environment for effective monitoring, and to
warn of sudden environmental problems, at the same
time better problem handling measures are put forward
combining with actual situation, and thus the
establishment of environmental monitoring system
more and more get the attention of people[1][2]. This
design main research question is how to more effective
and more rapid monitoring atmospheric environmental
data, and real-time measurement results will feedback
to monitor host, thus to further data analysis, put
forward the solution of the current environmental

problems.

[LOVERALL DESIGN

This design mainly consists of the following six
modules, respectively is a single-chip microcomputer
control module, the temperature and humidity
monitoring module, smoke monitoring module, air
quality monitoring module, LCD display module and
the data

microcomputer control module is the core part of the

transmission module. Of single-chip

whole system, by the process data, and transmit to the
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GPRS

data transmission module to send data, control the
coordination of various modules work. System begins
to work, the temperature and humidity detection
module, smoke monitoring module, air quality
monitoring module first carried out on the system's
environment air quality data collection, data
processing, after and transmit to MCU, MCU to
various detection module to process incoming data,
and then to transmit data to the LCD display module;
Through the GPRS module at the same time, to the
monitor host computer (PC), the PC software of
monitoring host the index data real-time display the

current air quality.
II. THE SPECIFIC DESIGN SCHEME

2.1 Hardware Design
The system structure is shown in figure 1:

Temperature and Homidity Sensorv' o 5
Signal
MQ-2 Gas Sensor+' ‘
’—'_. ¢ g |y MCUW
fodules
Air Suspension Sensore Modules

PR3 Dust Sensors! '—p

Fig.1 The diagram of system’s module

LCD Dislay

Keyboard

GPRS Module

it

2.1.1 Detection module circuit

The design of the temperature and humidity
measuring temperature and humidity sensor to
measure the DHT-11. DHT-11 temperature and
humidity sensor is a containing compound sensor has
been calibrated digital signal output temperature and

humidity, it dedicated digital module acquisition

Internet:
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technology and the temperature and humidity sensor
technology, ensure that the product has a very high
reliability and excellent long-term stability. Sensor
consists of a resistance type moisture element and a
NTC temperature measuring element, and connected to
a high-performance 8-bit microcontroller. So the
product has small volume, super fast response, strong
anti-interference ability, high cost performance, etc[3].

Smoke detection module uses is MQ - 2 smoke
sensor, MQ - 2 gas sensor used by the gas sensitive
material is in clean air conductivity low tin oxide
(Sn0O2). When sensor exist combustible gas in the
environment, the sensor of electrical conductivity
increases with the increased concentration of
combustible gas in the air. Using a simple circuit can
converts the change of the conductivity and the gas
concentration corresponding to the output signal[6].

Our air quality monitoring circuit of the high
precision measurement by the DSM - 501 dust sensors.
We choose is South Korea SYHITECH patent product,
its features are: using pulse width modulation PWM
output, on the principle of particle counting, sensitive
test particle diameter in more than 1 um suspended in
the air, and one of the built-in heater, can be
automatically in ambient air monitoring, and the size is
small, weight is light, easy to install and use[4].

Each sensor module circuit is shown in figure 2.

P17
DGND

[FS)

Temparature and Hemidity Sensor

P3V0

ey P6
1
P13
2
P14 3
DGND
4
WQ-2 Gas Semsor
_DEVD o
1
P30 | 2
DGND |3
FM2.5 DustSenzor
DE3VO Pg
1
P31 5
DGND "
3
GPRE Module

The Sensor’s Interface

Fig.2 The diagram of sensor module circuit
2.1.2 Data transmission module circuit
GPRS,which is also called general packet radio
service, is one of the GSM mobile phone users can use
mobile data services, with high transmission rate,
transmission distance and low rates, etc[5]. The Data
GPRS  wireless

Data acquisition

acquisition system based on

communication mainly include
Terminal with homemade (Data Terminal) and the
server side of management software. Data acquisition
terminal with analog and digital I / O interface, can be
connected data acquisition device[8]. Data acquisition
terminal and a wireless communication interface, can
through the GPRS wireless network and TCP
connection to the server management software, the
data acquisition equipment collected data sent to the
server. Server management software to analyze the

collected data, processing and storage, so as to realize

the monitoring of the terminal or associated
equipment.
Module communication principle [7]and the

connection with MCU as shown in the figure below.
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Terminal

Communicat-
Wireless Network

fon Network :
Terminal

[ ] |
— —

Terminal Terminal

Fig.3 The principle diagram of the GPRS module

communication
HOST

DEVICE —
EX REX
RTS }{ RTS
TS CTS
1 o

DTR
GND GND

Fig.4 The diagram of MCU and GPRS module connection
2.1.3 LCD display circuit

Using industrial character type LCD display
LCD1602 to display the measurement data of
monitoring, facilitate timely observation and record at
the scene.

The LCD display circuit connection diagram as

shown in figure 5.

LCD 1602 — AR

DP5VO
VO-LCD
P25
P26
P27
POD
PO1
DGND P02 9
P03 10
P4 11
POS 12
PO 13
PO7 14
DP5VO 15
DGND 16

RW1

10K

s

16PIN

Fig.5 The diagram of the LCD display circuit connection
2.2 Software design

Give full play to the design of the main program
of C
language, according to the characteristics of the

modularity and reusability characteristics

single-chip computer program writing. Initialized main
program after enter an infinite loop, barring any
interruption, microcontroller will always run in the
loop.
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The flash reading program is as the main branch to
draw near, when flash data read operation of the main
program was in an irregular pattern. Usually doubt the
data of the terminal to send the check to use, then the
rest of the main program is not running. The other did
not reflect any interrupt handlers in the main program.

PC software using the graphical LabVIEW complete
design and development, don't need to write the
complex computer program code, the construction of
monitoring system can be realized, and friendly
interface, and beautiful. Main functions are: to monitor
TCP port, the connection is established, receives the
GPRS module of data; The data processing, display the
data, and save to the database; View the historical data,
and so on.

PC LabVIEW design block diagram is shown in
figure 6.

Fig.6 Monitoring programming block diagram

III. THE TEST RESULTS ANALYSIS

Upon the completion of the design, we have a
complete set of product technical test was carried out.
System is running in good condition, the temperature
of the measuring range of 0 C to 50 °C, the error is
within plus or minus 2 C. Humidity measurement
range from 20% to 95%, the error is within +/- 5%. We
also tested for smoke detection module, environment,
when the module in the smoke alarm system, shows
that the smoke concentration is too high; Can work
PM2.5
detection module is working properly, the measured

properly under normal air environment.

error is less than 0.1 ug/m3. GPRS data transmission
module can accurately transmit data, but due to
reasons such as network transmission speed, the
measurements of the upper machine to receive a little
slower than system real-time monitoring data.
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Physical figure of the whole monitoring system and

PC interface as shown in the figure below.

Fig.7 Moitoring program interface

IV.CONCLUSION

This paper designs a multi-function environmental

monitoring system based on microcontroller
STC89CS52, through multiple modules to cooperate,
can real-time monitor the scene of the temperature and
humidity, smoke concentration, PM2.5 data, such as
air and transmission through GPRS module to the
distant monitoring host, facilitate monitoring and
further analysis of the data. Through further perfect,
the system can be applied to various conditions of
environment monitoring, and small volume, easy to
carry, can be effectively applied in a variety of

complex environment.
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Design of baby sleep monitoring system based on
STM32

Zewen Zhou; Dawei Yan; TianHui Wang

(College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130000, China)

Abstract--With the development of science and technology, in order to better take care of the baby, we propose a

microcontroller based STM32F103 infant sleep monitoring system. The system has kicked quilt detection, use the temperature

and humidity sensors which is placed under the mattress to detect the baby's quilt cover state. When placed under the mattress

temperature and humidity sensors to monitor the baby's sleep area no quilt cover when playing music arouse the attention of

parents. There are precise temperature detection, use AD590 current output temperature sensor for measuring the body

temperature, the LCD5110 LCD display various information. After testing, the system is reliable, low-cost, practical.

Key words-- STM32F103 microcontroller sleep monitor

I. INTRODUCTION

IN today's society, as the pace of life and work
increasingly tense, women usually have to deal with
their work and families, not only do they have to take
care of their babies, but also have to do the housework.
At this condition, mothers are often in a rush and a
muddle. Baby are in sleep most of the time in a day,
how to do the sleep monitoring, which is reminding
parents timely when the baby kick or wake up to
prevent the baby from having a cold, is particularly
important. Nowadays, foreign baby sleep monitoring
system only video the baby and transmit it to the
receiver, which need for parents to judge by
themselves. This kind of monitor without intelligence
requires the parents with babysitting experience. And
eventually it did not play a part in further reducing the
pressure. The baby sleep monitoring system designed
in this paper can solve this problem effectively. The
use of the temperature and humidity sensor placed
under the mattress DHT90 to detect whether the baby's
sleeping area covered with a quilt, if no quilt cover,
will play music to send an alarm. Making use of the
temperature and humidity sensor DHT90 placed under

the mattress to detect whether the baby's sleeping area
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covered with a quilt or not. If it is covered without
quilt, the monitor will play music to send an alarm to

remind parents to observe the baby's sleep [1].

II. THE DESIGN OF THE TOTAL SYSTEM

Based on the investigation of the current systems of
baby’s sleeping monitoring, we will integrate several
practical functions, and design a smart baby sleep
monitoring system [2]. The system contains the
detection module, the music player module, the
temperature precision detection module, the data
processing and control module, and the display
module. The structure diagram of baby sleep

monitoring system is shown as Fig. 1.

The quilt kicking detection

module

Data
processing

The display

Music player module alarm module

module

The accurate temperature

detection module

Fig.1. The structure diagram of baby sleep monitoring system.

[II. THE HARDWARE DESIGN OF THE SYSTEM

Considering the power consumption of the system,
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because of the use of battery power, this design make
use of STM32F103 MCU with high performance, low
power for data processing and the control of each
module’s operation. The resources that STM32F103
process including: 48KB of SRAM, 256 KB of flash, 2
basic timer, 4 general purpose timer, 2 senior timer, 2
DMA controller (the total of 12 channels), three SPI,
IIC, five serial port, a USB, a CAN, three 12-bit ADC,
a 12-bit DAC, a SDIO port and 51 general 10 port.
The MCU is small size, and with perfect interface, has
a strong computing power. So it is a good value for us
using this chip.
A.The Kick Detection Module

This module uses four temperature and humidity
sensor DHT90 embedded to the baby sleep pads,
measuring the temperature and humidity values of the
region covered by quilts. These values are considered
the temperature and humidity inside the quilt [3]. And
then measure the temperature and humidity of the
surrounding environment by another temperature and
humidity sensor. This module determines whether the
baby kicked the quilt or not by comparing the bed
temperature and humidity inside and outside. The
diagram of kicked quilt detection module is shown as

Fig. 2.

The temperature sensor to
measure the axillary's
temperature of the baby. «

Four temperature and

humidity sensors placed

at the four corners of the
The control circuit« 'f{

pad.«
The temperature sensor to
measure the temperature
outside the quilt.«

N

Fig.2. The diagram of kicked quilt detection module.

The kick detection module adopts DHT90, a
temperature and humidity sensor with the calibrated
digital signal output. The sensor includes a capacitive
polymer humidity sensitive element, a temperature
measurer made from energy gap material. Besides, it
can achieve a seamless connection with a 14-bit
analog-to-digital converter and the serial line interface

circuit on the same chip. Therefore, the sensor has the

advantages of small volume, low power consumption,
fast response, strong anti-interference ability, good
value etc. Each sensor chip is calibrated in a highly
accurate humidity chamber, and the calibration
coefficient is stored in the OTP memory in the form of
the program, and will be used in the calibration
process. Sensors will recall these calibration
coefficients in the processing of detection signal. Two
wire serial interface and internal voltage adjustment
make the integration of periphery system easier and
faster. DHT90 applies the 2.4~5.5V DC power supply,
the range of humidity measurement is 20~90%RH, the
precision of humidity measurement is +4.5%RH, the
resolution of humidity is 0.05%RH, the precision of
temperature measurement is +0.5°C, it can be
completely interchangeable, long-term stability is less
than 0.5%RH/year.

The connection between the temperature and
humidity sensor DHT90 and the microcontroller
STM32F103 is as shown in Fig. 3. The power supply
terminal of the microcontroller is connected with the
power supply. The ground terminal of microcontroller
is connected with the ground, and the power supply
uses +3.3V. The DATA terminal and SCLK terminal
are respectively connected with the I/O port PAS and

PA6 of the MCU.

DHTO0HA 1 FE L 2R 25
DATA GPIO_PAS
GND GPIO_PAG

1
o
VDD o
SCLK P2

STM32F103

4

-

Pl

Fig.3 The interface circuit of the temperature and humidity
sensor
B. Body Temperature Accurate Detection Module
The temperature precision detection module applies
a high precision current-output type temperature
sensor AD590 to detect the temperature of the baby's
armpit, to determine whether the baby's temperature is

normal, the accuracy of temperature measurement can
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reach +0.1°C[4].

The core of how AD590 works is the output current
follows the temperature change at the same time for
the same amount to absolute zero (—273°C) as the
base, each additional 1°C, the output current will
increase 1 pA. The output current of ADS590 is
[=(273+ T)pA (T is the temperature in degrees
Celsius). So at the condition of the room temperature
is 25°C(273K+ 25K = 298K), it’s output current
Iy = 298uA. The temperature range of management
is —55°C~ +150°C, the nonlinear error is only
+0.3°C . The conditioning circuit of ADS590

temperature sensor is using a single ended calibration

circuit as shown in Fig. 4.

Fig.4 The conditioning circuit of AD590

Pre-difterential amplifier applies AD620
instrumentation amplifier, anti-aliasing low-pass filter
using the first-order active low-pass filter constituted
by the operational amplifier OP07, resistors and

capacitors. The A/D module using TI's TLC2543,

which is with 12-bit serial A/D converter, using
switched-capacitor successive approximation
technique to complete A/D conversion process. As it is
serial input structure, you can save the I/O resources of
STM32F103 microcontroller, and it is inexpensive. Its
characteristics are: (1) 12-bit resolution A / D
converter; (2) 10us conversion time in the operating
temperature range (3) 11 analog input channels; (4)
3-way built-in self-test mode; (5) sampling rate of
66kbps; (6) linearity error +1 LSB (max) (7) have the
end of conversion (EOC) output; (8) with a single,
bipolar output; (9) programmable MSB or LSB
preamble; (10) programmable output data length. The
whole circuit of accurate temperature detection
module is shown as Fig. 5. The current signal that the
temperature sensor AD590 obtains change to a voltage
signal over a 1K resistor, the voltage signal amplifies
through the instrumentation amplifier AD620 100
times, and then is filtered by the operational amplifier
OPO07, which is a first-order low-pass active filter with
an 1Hz cut-off frequency. After that he signal is input
to the 12-bit A/D TLC2543. Eventually, the value of
A/D is read by the microcontroller, and obtain the
converted Celsius temperature through the digital filter
and numeric conversion. The entire module of the

accurate temperature detection circuit is shown as

Fig.5.

S UL

'] X Exw.u;‘\a;;. :
LLLLLLLE E.

Fig.5 The total circuit of accurate temperature detection module

C. Music Player Module
Music player module can play quiet music, make

the baby to get in sleep. And you can play a specific
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song, remind parents timely care about when the baby
kicked quilt or a relatively large change in temperature

occurs.
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Music player module use domestic music Manifold
HS-088, only need to add a transistor 8050, a ceramic
capacitor, a small speaker can constitute a music
player module. The music is beautiful, and the price is
cheap.

D. Display Alarm Module

Display alarm module applies LCD5110 LCD
monitor. LCD5110 can display 15 characters, 30
characters, connecting with a simple microcontroller
interface requires only four I/O lines can, it is
low-power, low price. When detecting the occurrence
of baby kicking the quilt, the liquid crystal displays
"baby kick the quilt" four words. If the baby not, it
will display "The baby sleep well" .

IV. THE DESIGN OF SYSTEM SOFTWARE

A. System Flow

The flow of the system is programmed after the
system initialization. First of all, it determines whether
the temperature measurement key is on, if so, then
measure the baby body’s tempreture and after that
detect the key again and again. Not until the key is off,
can the system stop detect this key, jump out of the
loop, and keep going on. When the key is off, you
could determin wether the baby kick the quilt or not. If
so, play the music and then return to initialization. If
not, it also return to the initialization. The system flow

chart is shown as Fig.6.

System Initialization.

The temperature
Measurement key

The temperature

Measure
Temperatur

Measurement

is on: keyfaon.

Play Music.

Fig.6 The system flow chart

V. PERFORMANCE TESTING

In order to achieve

standard each

system’s

performance of infant sleep monitoring system. As

shown in Table 1 and Table 2, respectively, are the test

temperature data measured by ADS590 and the

temperature and humidity values meatured by sensor

DHT90. The measuring instrument testing AD590 is a

fine mercury thermometer with +£0.1°C and 0~50°C

management range.

The test equipment of the

temperature and humidity sensors DHT90 is AS837 air

temperature and humidity measuring

instrument.

AS837’s temperature accuracy is +1.5°C, and its

humidity accuracy is£3%RH.

Table I The test data of AD590
The standard The measured The errors
temperature (°C) temperature of AD590 (G(0p)
(&)
2.61 2.6 -0.01
5.42 54 -0.02
8.43 8.4 -0.03
14.34 14.3 -0.04
20.98 21.0 -0.02
26.59 26.6 -0.01
30.35 30.3 -0.05
35.43 354 -0.03
37.58 37.6 -0.02
39.54 39.5 -0.04
40.93 41.0 -0.07
42.02 42.1 -0.08
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Table 2 The test data of DHT90

The The The The The The

temperat | tempera- | tempera- | humid- | humi-d | humi-d

-ure of ture of ture ity of ity of ity
DHT90 AS83 error DHT9 | AS837 error
(°C) (°C) (°C) 0 ( (

( %RH) | %RHD

%RH)
26.6 26.3 +0.3 523 50.6 +1.7
19.2 20.1 -0.9 36.0 33.0 +3.0
222 22.7 -0.5 33.8 30.2 +3.6
19.6 19.1 +0.5 23.0 19.0 +4.0
28.1 28.0 +0.1 44.9 43.7 +1.2

Summary: ADS590 temperature measurement
accuracy is +0.1°C. DHT90 temprature measurement
accuracy is +1.5°C, the humidity measuring precision
is £0.5%RH. It can achieve the target that thesystem

requires.

VI. CONCLUSION

For the real difficulties on babysitting, we designed
a infant sleep monitoring system with low-power
based on the STM32 ,which can achieve quilt-kick
detection, temperature detection, music playing etc.
And improved the disadvantages of the products on
the market. Using this device ,parents could take care
of the babies easily and timely. The test proved the
high reliability and the strong practical of this infant
sleep monitoring system. And it could be for long-term
use, otherwise it is easy to maintain and expand more

functions.
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Development of magnetic electrode in high density
resistivity method

Qiu Zhuo; Wang Qi; Song Xinhua
(College of instrumentation &Electrical Engineering, Jilin University, Changchun 130061,China)

Abstract--High density resistivity method is one of the effective tools for geophysical exploration, which is widely used in the

detection of underground mineral resources and the prevention of debris flow disasters. High density electrical equipment used

in the electrode is often the metal electrodes or non polarizable electrode, in using process needs to be buried deeply in the

ground, and then through the lead wire is connected to the host, it is difficult and unable to break into the electrodein in some

high density electrical prospecting[1] . This topic researchs magnetic electrode in a high density electrical equipment, which

can overcome the traditional metal electrode or non polarizable electrode in the use of the lack and increase the range and

practicality of high-density electrical prospecting apparatus, preventing electrode is driven into the ground and causing

electrode wear, and at the same time, it can improve the work efficiency, realize the data of rapid measurement.

Key words--Physical exploration High density electrical instrument Magnetic electrode

I. INTRODUCTION

HIGH density resistivity method is widely used in the
exploration of underground mineral resources and the
prevention of debris flow, as one of the effective tools
for geophysical exploration. The data has the
advantages of high accuracy, large amount of data,
abundant information, fast measurement speed and so
on[2].High density electrical equipment used in the
electrode is often the metal electrodes or non
polarizable electrode,but in use process, it needs to be
buried deeply in the ground, and then which is
connected to the host through the lead wire, in some
high density electrical prospecting, it is difficult to
break into the electrode. This topic research magnetic
electrode in a high density electrical equipment, which
can overcome the disadvantages of traditional metal
electrode or non polarizable electrode,it can increase
the usage range and practicality of high-density
electrical prospecting apparatus, prevent electrode was
driven into the ground and cause electrode wear, and at
the same time, it can improve the work efficiency and
realize the data of rapid measurement[3].

IT. SYSTEM DESIGN
The purpose of this project is to design a magnetic

electrode high-density electrical prospecting apparatus,
which can measure DC electric field signal transfer to

high-density electrical prospecting apparatus in the
subsurface flow using magnetic electrodes, so it can
overcome the shortcomings of the traditional electrode
and improves the work efficiency.
2.1 Design of magnetic electrode measurement

2 to n-1 metal electrodes or non polarizable
electrode in the original high density resistivity method
replaced magnetic electrode of the invention, the high
density electrical instrument, the current signal of high
density electrical instrument through high density line
by 1 metal electrode and metal electrode n to the
underground supply by electrical prospecting method
the requirements, the current signal flows in the
underground space and generates a magnetic field
signal corresponding to the power supply current
signal, the magnetic signal corresponds to the
distribution 2 to n-1 on the ground magnetic electrode
measurement and power supply current signal, then it
can be converted to digital signal through the
communication path of high density electric line and
transmitted to the high density electrical instrument.
Magnetoelectric ~ signal is be  processing,then
calculating the magnetic potential at the electrode
position of 2 to n-1.
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Figure 2.1 schematic diagram of magnetic electrode and the
high density electrical instrument connection
2.2Composition of magnetic electrode system
The magnetic electrode system comprises a
magnetic resistance sensor module, a signal amplifying
circuit module, a A/D data acquisition module, a single

chip microcomputer module and a liquid crystal

display module.
Sens AD62
or X 5 0
TLC MC LCD
Sens >| AD62 254 |=>| U |
orY 0 3
Sens AD62
—>
orZ 0

Figure 2.2 diagram of magnetic electrode system

Reluctance sensor module: collecting the magnetic
field signal generated by DC current in underground
flow.

Signal amplifying circuit module: the signal to be
amplified by the sensor.

A/D data acquisition module: the collected analog
signal is converted to digital signal, the transmission to
the microcontroller.

Single chip microcomputer module: as the main
control unit, mainly responsible for the acquisition and
conversion of magnetic field signal.

Liquid crystal display module: display the received
magnetic field information.
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[T1. SYSTEM HARDWARE DESIGN

The design is to be STC89C52 as control
core, HMC1001/2 Honeywell Honeywell company
production of one axis and two axis sensor chip as a
sensor to collect the underground magnetic field data
acquisition, it uses AD620 as amplifier signal
amplifier , a / D with 12 bit resolution TLC2543 and
uses as LCD1602 display data.

3.1 Main controller STC89C52
The main STCR9C52,

STC89C52 is a kind of low power, high performance

control module uses
CMOSS8 bit microcontroller, which is produced by
STC. It has 8K in system programmable Flash memory.
STCB9C52 uses the classic MCS-51 kernel, and makes
a lot of improvements that makes the chip better,it has
advantage thana traditional 51 chip. In a single chip,
with 8 CPU smart and in system programmable Flash,
the STC89C52 provides a highly flexible and
cost-effective solution to many embedded control

applications.

1 pLom vee Hoe—

T+ PLIT2EX PO.O/ADO (ot

- P12 PO.UADI (=
K — PL3 PO.2/AD2 e
o > P14 PO.3/AD3 s

+5V o—¢ - PLs POA/ADA (=t

KEY R1 <1 PL6 PO.S/ADS ===
C? 10k o P17 PO.G/ADG (=50
I 1 RST P0.7/AD7 Tz_
Cap T P3L.ORXD FA =5
100pF | PPIXD - ALE

S P2INTO  PSEN
. - 1 P33INTI P27
i oD = P34 P26 5
I = PASTL P25 e
Cap -1 P3.6/WR P24 | 2%

I||—< breil | P3.7RD P23
GND: XTAL2 P22 |

oT 12MHZ 2 xraLI pyp 2 RW
it —2 0 6N P20 |
11 STC89C52RC-DIP
Cap
30pF

Figure 3.1the smallest single-chip system

3.2 Sensor

The Honeywell Honeywell company productes
HMC1001/2 axis sensor core .working principle of the
sensor is using anisotropic magnetoresistance effect,
magnetoresistive sensor uses silicon as a substrate in
the production and four identical iron nickel alloy as
Wheatstone bridge. Three magnetoresistive sensor is
composed of three magnetic resistance, the magnetic
direction of three magnetic resistance is perpendicular
each other, in actual use, each internal magnetic
resistance with four permalloy strips is to form a core



Qiu Zhuo etc.: Development of magnetic electrode in high density resistivity method

part of Wheastone bridge.the magnetoresistive sensor
is mainly bridge. Due to permalloy,magnetoresistance
effect is anisotropic, the resistance change of bridge
resistance leads to changes in the output voltage of the
sensor, sensor has two ring current aluminum belt,
including a set and reset current,which can be used to
modify the sensitivity of the sensor, also be used to set
and reset output polarity.another a compensation
current, it is used to offset the external magnetic field
environment.

When the electromagnetic film is placed in an
external magnetic field, the resistance of the film will
change. When the magnetic field is zero, four pieces of
thin film resistor R, bridge power supply drives current
in the films. When an external magnetic field m is
applied, the magnetic state of the film changes,
magnetization directes along the direction of the
current, the relative placement of two thin film
resistance decreases R1, also two thin film resistor
magnetization direction and current are in the opposite
direction,R1 resistance increases, within the linear
range, output and magnetic field and the bridge output
voltage are proportional to the:

Rl
AVOUT = (E)Vb

AV,

out

=VbXM><S

R is for semiconductor thin film resistor , R1 is
resistance variation, S is for magnetoresistive sensor
sensitivity and M is the magnetic field, the output
voltage signal is proportional to the magnetic field,

the equation above:

M =AV

out

1V, x8)

Offset magnetism

+VCC

Add magnetism
6 Vout

Figure 3.2 schematic diagram of working principle of

magnetoresistive sensor

el
HMC1001 Cll
T [Hlrow
OFFSET+ [ OFFSET+ 0UT- Cap
OFFSET- ﬂo 3 g OO GND 0.1uF
HMC1002 m
SR+(A d 1 ' b Vbiage(A), | ||. GND
SRA) 44 4 OUT+A) |
OFFSET+(A) ] § 6 O: OUT-(A) Cap
OFFSET-(A) Y GND(A) 0.1uF
S/R+(B d 9 100 Vbiage(B
GND-I| SR-(B) du nkb OUT+(B)
OFFSET+(B) | 3 |, OUT-(B)
OFFSET-___ OFFSETB) J |5 OC GND(B) |
GND

Figure 3.3 magnetoresistive sensor connection circuit

3.3 Amplifier

The system uses AD620 to amplify the signal of the
reluctance sensor. AD620 is a low cost, high precision
instrumentation amplifier and easy to use,using an
external resistor to set the gain. Its magnification is
1-1000, considering the accuracy, the amplification is
500,which is most accurate. The output voltage signal
of magnetoresistive sensor is about tens of millivolts,
in order to meet the need of AD converter, the signal
amplification is 100 times.

R7

——
+5v | 499
Ul
OUT- , B = AD620
6 outputl
OUT+ 3
—+ oo
A3
5V
GND

Figure 3.4 AD620 amplification circuit

3.4 A/D module

According to the measurement precision,outputing
range signal amplification and the analog signal
inputing channel, the converter  chooses
TLC2543,which can convert analog signal to digital
signal . TLC2543 is using CMOS 12 bits successive
it has

each channel

approximation analog-to-digital converter,
eleven analog inputing channels,
conversion time is 10us. Three component magnetic
measurement uses the three analog inputing channels,
the remaining channel is for orientation, temperature

signal acquiring, it can simplify the circuit structure.
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TLC2543 works in + 5V voltage conditions, analog
channel inputing voltage range n is for -0.3V-5.3V and
is compatible with amplifying circuit output signal
voltage range , TLC2543 with three control inputs:
chip select (CS), A / D conversion mark the end of
(EOC), data input line (data input).

DATA INPUT port and 8 bits serial inputing address
control register is connected through the register
definition AD conversion inputing channels, output
bits and output data format. Analog digital converts
through two different cycles to achieve continuous
(I/O cycle and conversion cycle), I/O cycle achieves
the TLC2543 control byte writing, and reads the
results of the last A/D conversion. Conversion cycle

achieves A/D conversion.

TLC2543 vCe
outputl AINO ai b VCC
output2 AIN1 0 EOC
output3 AIN2 P 3 4 1/0 CLOCK

AIN3 3 6P DATA INPUT
AING 97 30 DATA OUT
AINS q° 0P cs
AING g 2o REF+
AINT QB ko REF-
AINS gL 160 AIN10
GND qu 180 AIN9
_l_—o 19 20 o——
GND

Figure 3.5 A/D module

3.5 LCD module

The LCD module adopts LCD1602, it display
sletters and numbers more convenient, easy to control,
and low cost.
3.6 System integrated circuit diagram.

The whole system includes sensor module, amplifier
module, A/D data conversion module, MCU control

module and displaying module.
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Figure 3.6The whole circuit system diagram

IV. MATHEMATICAL MODELING
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Figure 4.1 schematic diagram of magnetic electrode simulation
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In airhe magnetic induction intensity is B,, The

length of magnetic sensor is L. The three component

measured by the magnetic sensoris B, B B

y z
< B,=B’+B’, B,=B_,

magnetic induction strength,

B, Underground

Bnl :BnO
Htl =Hz0
1 1
Htl :_Bt() Hnl :_BnO
Hy H

2 2
] o
Ho ), H ),

The current distribution in the magnetic electrode is
arranged on a circle with a radius of a.

~fHdl =1—>2mH, =1

2
U _ . rm U_ /
R
7 for electrical conductivity
- yUIl =47 LH} ()

Make a ball with a radius of 0.5L in the cylinder:

—_— -
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The four current can be obtained from the ground to,
and a set of equations are obtained to solve the above
parameters.

V. SYSTEM TEST

5.1 System ftest

By using the independent design of magnetic
electrode,it is connected to the high density resistivity
instrument. Doing a survey before the geological
palace in a certain distance of the magnetic electrode
and the use of traditional metal electrode.by comparing
the two datas. The experiment is carried out by
measuring the 5 points in the distance of 1m before the
geological palace, Comparing the data of the magnetic
electrode and the data of the traditional metal

electrode.
Table4.1 magnetic electrode measurement data

Distance (m) Potential (mV)

0 5000

0.2 4009

0.4 3017

0.6 2006

0.8 1002

1.0 0

Table 4.2 metal electrode measurement data

Distance (m) Potential (mV)
0 5000

0.2 4018

0.4 3007

0.6 1996

0.8 1004

1.0 0
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By comparing the data of 5 points in the same
distance between the magnetic electrode and the
traditional metal electrode, we can know that the data
error of the magnetic electrode is small.

VI. CONCLUSION

In this paper, a kind of magnetic electrodes is
designed to replace the traditional metal electrodes ,
we can solve the problems that the electrode is hard to
penetrate into the ground, and improves the efficiency
of field exploration.
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Research of droplet velocity, speed control and
alarm devices

Liu Guangcai; Tian Yu; Shi Hanyao

(jilin university instrument science and engineering institute,changchun, 130026 )

Abstract--With the popularization and application of computer technology in various fields and continuously improving,
China's medical equipment industry intelligence level also is growing.For the defects in the current medical liquid
monitoring,This paper studies the liquid drip monitoring program.Using single-chip microcomputer to design a liquid drop
speed of intelligentmonitor and control device,with droplet velocity system,drip rate control system,the display
device,keyboard,alarm system and so on.with the principle of drinking water as the height difference between the pressure
variation and change,by controlling the stepping motor to control the drip rate lift. Droplet velocity can be used to set the
keyboard.The range is from 30 to 140 (drops / min),control error in the range of about 10% = 1 drop.Change the setting from

the play bit rate basically stable adjustment time of the whole process less than 3 minutes.At the same time the water reaches

below the warning line can send an alarm signal.

Key words--Drop speed Alarm device

I. OBJECTIVE

INFUSION equipment is essential for the hospital, and
infusion equipment droplet velocity is generally patient
or doctor manual control. Control range limitations and
inconvenient, especially unable to automatically
monitor the infusion bottle capacity, needed someone
in custody. Therefore, there is an automatic alarm
system for liquid drop. The system keyboard setting
the stepper motor controlling of the infusion speed and
automatically alarm when the liquid level below the set
value. The system is convenient for doctors, nurses,
care for the sick and make patients feel at ease in the
treatment, without fear of infusion bottle drop shed,

causing blood flowing back.

II. RESEARCH SIGNIFICANCE

At present, medical monitoring in China are
basically artificial method. Patients in the infusion
process, you must always pay attention to the
remaining liquid in the bottle, and when the liquid is
about conveying finished, must inform the medical
staff to deal with keys. Because the medical staff busy
and didn't have the energy to take into account each
patient's transfusion, therefore, patients usually need,
accompanied by family members. While the fatigue of

Infrared sensor 51 Microcontroller Stepper motor

long term monitoring of infusion and medical
accidents caused by negligence. Especially for bed
inpatient, assisted the infusion method of management
there is always a potential security risk. So far, most
hospitals still rely on manual monitoring of infusion,
used only in the ICU ward of intelligent infusion
monitoring system, and imported products. Due to
imports of intelligent monitoring and control products
are expensive, general hospitals cannot afford to bear
the costs of big spending, which hospitals had clinical
medical monitoring intelligent system management
more difficult. Home monitoring devices have been
marketed, the price is relatively cheap, but basically
monitored independence, cannot form network systems
management, and a common domestic pump prices
nearly million, the price is not affordable. Therefore
urgently need a cheap set of medical application of the
intelligent monitoring and control network system in
hospital management, thus excluding clinical safety
and savings in manpower resources, improve the

efficiency of management.
[TI. IMPLEMENTATION AND DEMONSTRATION
A. Research Ideas
Speed control system by dropping speed testing

system, display device, SCM system, keyboard, and
alarm systems. Using single chip computer to do
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simple math, signal processing and control functions, a
bit closed-loop speed control. Speed range of the
device is 30--140 drops/min, 10% = 1 drops of errors,
from changing the set value until the drip rate basically
stable throughout the process of adjustment of less
than 3 minutes, and below water line can give an alarm

signal[1].

Keyboard

Display device

Judge

cordon

/

\

89C51

> Alarm

device

\

Speed measure

bv infrared

Y
| Stepping

Change the height Motor

Motor drive

Fig.1 Device structure
B. Main Modules and Design
a. Speed Measure Methods

Infrared sensor in the modern practice is playing its
important role with detection equipment and other
parts and technology, infrared sensors can have more
performance and better sensitivity. It is better to use
infrared sensors to measure the bottom of the speed.

Using reflective infrared sensor is difficult to judge
the water and using correlation infrared sensor can use
water refraction, refraction that when water dropping
makes the infrared signal receiver receives no signal,
so better to correlation infrared sensor used.

Using correlation infrared sensor to detect the speed
of water droplet at the funnel, and by measuring the
time interval between two droplets to calculate speed.
The infrared emission control and the receiver are
relative, infrared light-emitting diodes emit infrared
light, light through bucket drops shine on the
photoelectric triode, optical transistor receives the
optical signal into an electric signal output.The
receiver receives the infrared signal and output low
when no liquid drops;The receiver output pulse when
liquid drops down.Due to sensor generates a irregular
pulse signal,in order to let the microcontroller changes
into the regular pulse signal,use LM339 design shaping
circuits and use potentiometers to adjust a comparator

threshold voltage to output regular waveform|[2].
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b. Liquid Level Monitoring Method

Liquid level detection with speed measuring
principle is similar to using radiation infrared sensor to
measure liquid level alarm level. Install correlation
infrared sensor on liquid bottle neck,using full
reflection principle can launches tube issued of
signal full reflection to received tube,using received
tube can accept to launches tube issued of signal,
change its in circuit in the of level,using LM339 will
change the signal to voltage jump,will its entered
single tablets machine, according to corresponds to
port of level changes to judge liquid bit whether below
set of location to achieved alarm[3].
Non-alarm level -- - ______________ ~mmmm——

-

Alarm level A

Transmitter

Receiver

Fig.2 Level Monitoring Schematic

C. Stepper Motor Parts

Using the principle of stepping motor and pressure
to control liquid drop speed.By the formular:

P=p*g*h QP

We can know because of different liquid height, the
pressure is different, thus changing the liquid drop
speed. Such a system better control than control the
tightness of the
achieve,2-meter-high enough to achieve speeds from
30--140 (drops/min) Regulation[4].

First height
corresponding to the drop corresponding speed and

hose, relatively easy to

experiment about measure the
saved in a microcontrollers and wait for calling. When
you press enter on the keyboard a little speed,
redeployed from the microcontroller corresponds to the
height, and then coarse control stepper motor, with
infrared feedback to fine-tune the system, until the

infrared feedback match to the speed[5].

Bottle height(cm)

[ 20 40 60 80 100 120 140

Dropping speed (drops/min)

Fig.3 Bottle height and drop speed diagram

d. Mechanical Structure Parts
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Mechanical parts by 4-8 stepper motor driven, motor
driven by LM298N. Pulleys reduce the friction to
reduce the out of step. Number of circles by a stepper
motor can calculate the height of bottle variation.

wJ
Pulley«
Stepping Motor«
Liquid
bottle«

bracket«

Fig.4 Mechanical structure diagram

IV. CIRCUIT DESIGN

A. MCU Part
Microcontroller control of a 80C51

single-chip, using serial works. 80C51 the main

consists

measurement of droplet velocity and control the
stepping motor to call drop rate and judge the water
level and the police.Microcontroller core and control
centre of the whole system, all system data is sent to
the SCM process, and all commands are issued by the
SCM, so is the core part of the hardware and
software[6].
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Fig.5 Microcontroller circuit
B. Signal Processing Part
Comparison of the infrared sensor and circuit,

comparer LM339. LM339 voltage comparator chip
with four independent voltage comparator, LM339 is a
common integrated circuit. The small voltage
comparators feature is the offset voltage, supply
voltage range, restrictions on the internal resistance of
the source a wide common-mode range is very large,
the differential input voltage range, output voltage can
be selected flexibly and easily.

Survey was to drop part of the sensor's output is
about 2V--4V per cent jump, use a comparator with
hysteresis, the door limiting voltage is set to 3.6V, the
threshold voltage is set to 2.8V, signal shaping for the
square wave. Measuring liquid level sensor output
about is a 1V--3V jumping, door with comparator
voltage limit is set to 2V, signal plastic SCM can

jump[7].

OPTOCOUPLER-NPN
TEXT

Fig.6  Signal processing circuit
C. Alarm Part

The alarm circuit using a buzzer, usually working
current is large, TTL driver on the circuit not the
buzzer, you need to add a current amplifier circuit can,
the microcontroller pin hard drive the buzzer sounds,
so adding a transistor to increase the current through
the buzzer.

Join the positive end of the buzzer to 5V power
supply, and received the transistor's collector on the
other end, the base of the transistor from the P3.0 pins
to control when P3.0 PIN to low, transistor break over,
current loop of the buzzer, sound. P1.5 pin high, the
transistor up, buzzer does not produce sound|[8].

BUZ1

- BUZZER

Q1

R4
-1k—| NPN

Fig.7 Alarm circuit
D. Motor Drive Part
In this circuit, we have chosen LM298N as a driver,
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LM298N can provide bi-directional current for the
load. Suitable for driving 2 or 4-phase stepper motors
and DC motors, especially when driving motor
direction when you want to change, just reverse motor
direction of the position. LM298N drive motor 2A
above for us to design the system, need to drive some
heavier dropping bottle, LM298 motor driver module
meets the requirements[9].

The system uses a stepper motor, can control
precisely the height liquid, liquid drop speed is more

accurate.

: ; U2 o7 anachr. tchr anaoor
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51 ena [
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Fig.8 The motor drive circuit

E. Display Part

Use LCD1602 to display.lt is a specifically designed
to display letters,numbers, symbols, such as the
dot-matrix LCD modules.It is made up of several
dot-matrix characters such as 5*6,each a character
dot-matrix characters can be displayed.Because PO port
no internal pullup resistor,you need an external pull-up

- LCD*T

T LmOo1sL

resistor to display properly[10].

Fig.9 Display circuit
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V. SYSTEM SOFTWARE DESIGN
A. The Main Program

The main program includes interrupt to initialize and

display initialization, speed and display will show the

( start )

A\ 4

measured speed.

initialize

N
7

speed measure

\ 4

display
|

Fig.10 The main program flow chart

B. External Interrupt 0

This part is used to test the keyboard, once someone
pressed a keyboard input when a droplet velocity, SCM
will be compared with the current speed, faster than its
small step motor controlled by SCM will pull up, faster
than it stepping motor controlled by single-chip will go
down[11].
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test the keyboard

A4
reading keys

v

whether the speed

is same as the return from

speed we set interrupt

Get key value corresponds to a height

\ 4
Adjust motor
\ 4
] return from
display =
interrupt

Fig.11 External Interrupt O flow chart
C. External Interrupt 1
External interrupt 1 used to monitor water levels,

once the water level drops to a certain level, the sensor
sends signal to the MCU, microcontroller Alarm
buzzer program is executed[12].

water

level alarm signal is detected

Y

enter a interrupt

activate the alarm circuit

Return from interrupt

Fig.12 External Interrupt 1 flow chart

VI. TEST RESULTS

After the installation of the appliance, we used tape
and stopwatch on the liquid heights and droplets to
measure the speed, supported by several sets of data
from data to draw the figure below.

200 T T T

180

160

1404

120

100 7

Bottle height(cm)

60 |

40 /. L )

20 40 60 80

100 120 140 160

Dropping speed (drops/min)

Fig.13 Bottle height and drop speed measurement diagram

From here you can see that, liquid speed is
essentially proportional to the heights and droplets,
agreement on a formula to calculate data, called coarse
data of step motor, this error is very small and the
bottle height adjustment according to speed.

When system runs,testing our speed parts,LCD
screen displays data collected per second,choose a
different bottle,collection for a minute, to error
analysis to determine their accuracy.

And we have to adjust the time to do a test, adjusting

111



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2016

from a drop location to another location to see whether

it meets the requirements of speed.

TABLEI

The results of the analysis speed

Actual speed
(drops/min)

60

102

137

Measured speed

(drops/min)

27 drops/min 1 times
39 drops/min 2 times
41 drops/min 3 times
57 drops/min 7 times
58 drops/min 7 times
59 drops/min 12 times
60 drops/min 10 times
61 drops/min 10 times
62 drops/min 5 times
75 drops/min 2 times
105 drops/min 1 times

41 drops/min 2 times
74 drops/min 3 times
99 drops/min 5 times
100 drops/min 5 times
101 drops/min 9 times
102 drops/min 8 times
103 drops/min 9 times
104 drops/min 10 times
105 drops/min 4 times
107 drops/min 3 times
138 drops/min 2 times

75 drops/min 1 times
76 drops/min 1 times
107 drops/min 2 times
132 drops/min 3 times
134 drops/min 9 times
135 drops/min 8 times
136 drops/min 8 times
137 drops/min 9 times
138 drops/min 7 times
139 drops/min 5 times
141 drops/min 6 times
150 drops/min 1 times

TABLEII
The test results of adjust time
Initial speed
. 140 30 60 110 140 90 40 30
(drops/min)
Set speed
. 30 60 110 140 90 40 30 140
(drops/min)
Actual speed
. 32 60 113 145 94 42 31 146
(drops/min)
Time to adjust
146 59 87 64 91 93 42 152
(second)

As can be seen in table I speed measurement
function of the system is very accurate and fast drop
height error will be larger, falling more slowly, the
design speed is measured more accurately.

Table II shows that the appliance's adjust time and
velocity error is accord with expected results.

VII. CONCLUSION

This thesis developed a new infusion to measure and

control speed, alarm automatically system. The
advantage of using infrared tube circuits and automatic
alarm infusion drip rate measurement and control, and
automatic alarm, to overcome the existing control
speed warning device complex structure, high cost,
bulky problem. Proven that the alarm system in a

timely manner, easy to install, can effectively reduce
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the intensity of the work of the medical staff, while
improving the level of hospital care, it has some
practical value. However, there is so much hardware in
the system , and applied to two infrared sensors.
Although the system on the stability has some defects,
it will not affect the normal work.
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Research of Virtual Seismograph Data
Preprocessing

Guo Haozhe; Wang Danyang; Wang Yang

(College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026,China)

Abstract--In the course of geophysical, collected signals due to interference by Geophones, and complex construction site,

making acquisition system the data corrupted by noise, inconsistent or incomplete, lead acquisition to seismic waves are not

satisfactory, errors or errors are brought to subsequent analysis. To solve this problem, proposed virtual seismic data

processing based on Matlab simulation research. By eliminating waste road, vertical stacking, automatic gain and filtering

methods, removed some noise in seismic data and available information, improve the seismic data in the signal strength.

Simulation results show that virtual seismograph data pre-processing can improve the signal to noise ratio of seismic signals,

and through its processing of seismic data of 24 results, virtual seismograph data pre-processing is a certain practical and

meaningful.

Key words--Virtual seismograph seismic wave signal to noise ratio preprocessing

I. INTRODUCTION

with the
geophysical instruments, we are increasingly using

IN recent years, rapid development of
seismic waves, electromagnetic waves, such as geological

exploration, energy and mineral extraction, water
structure, or even used in defense, disaster warning and
other fields. Geophysical instruments before processing
an important part, is for signal preprocessing. Thanks to
computer technology matures, signal preprocessing has
been intelligent development, how to use computer
software for automatic processing of the signals is the
current research trends. Signal preprocessing can be
weakened to filter out noise and retain or even strengthen
the desired target reflection and improve signal to noise
ratio, helps to improve the accuracy of the final results,
labor and environmental

reducing  unnecessary

interference, reduce the ultimate signal processing
required to cycle. Signal preprocessing, can be said to
make geophysical instrument outputs reliable basic

protection[1-3].

II. THE SIGNIFICANCE

With the development of geophysical instruments,
signal preprocessing and more important, in the course of
geophysical, there are various disturbances, collected
signals due to interference by Geophones, and complex
construction site, making acquisition system the data
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corrupted by noise, inconsistent or incomplete, lead
acquisition to seismic waves are not satisfactory,
errors or errors are brought to subsequent analysis.
As possible exclusion of manual and instrument
error, weakening disturbance of the surrounding
environment, get as close as possible to real,
accurate signals required, on the latter part of
efficiency of signal processing and instrumentation
has a large performance impact. Signal
preprocessing can filter the interference to a certain
extent, improving the signal to noise ratio, signal
preconditioning is very important in the process of

signal analysis and processing[3].

[1I. IMPLEMENTATION

A. Research Thought and Methods

Simulation of seismic signals using Matlab
software to simulate linear FM Chirp signal
vibroseis (frequency of the frequency at the
beginning and end frequency between uniform
changes over time). To adding noise and attenuation,
then the

simulation.

received signal pre-processing of
B. Implementation Plan

Simulation of linear frequency modulated Chirp
signals (original) level targets (different media)
onto the ground detectors, first eliminate the waste
of road, thus obtaining the desired seismic signal

simulations. And analog acquisition to seismic
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signals associated with the excitation signal detection.
Because of the seismic source signal is weak, so the
vertical stacking technology needed to enhance the signal,
facilitate the acquisition of seismic wave[4]. In the
process, because of the deeper strata to greater attenuation
of the signal, in order to get the different depth strata of
signal strength close to automatic gain control of target
reflection signal amplification and processing. Because of

the resulting signal contains simulations of ambient
noise interference and noise within the device itself,
so need to filter the collected signals, through
mathematical operations on collection of discrete
signal filtering is performed. Filter out noise in the
signal or false contents, improving the signal to
noise ratio, interference signals. Figure 1 shows the
data pre-processing steps and content[5]:

Generating | Adding noise removing Vertical
chirp signal and attenuation wasted signal o stacking
Y
Filter Automatic | Correlation
gain detection
Fig.1 Data preprocessing steps and content

of set, simulation multiple target layer situation of
IV. FUNCTION single signal pretreatment process; and can through

GUI interface consists of parameter settings, display
Select button display in three parts. Parameter set can on
inspired signal source of entered site value, starting
frequency, terminated frequency, offset from, scan time
for set; also can through on target layer of depth and
geological components or earthquake wave spread speed

@iz IR Xe sSEen R

R AR FAL 2R

sampling frequency, overlay times and filter way of
adjustment, to for different situation of pretreatment
simulation, through get of letter noise than to made
better of select. Show selection button area when
direct display option is used, each processing step
can also be the graphics displayed, as shown in
Figure 2:

Nz dm
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Fig.2 Single channel simulation interface

When using the left hand every step of the execution
button, you can display each step corresponds to the
graphic to enlarge,You can also use the tool bar above to

enlarge it. For example, when using received signal

button, as shown in Figure 3:
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Fig.3 Receive signal display

V KEY TECHNOLOGY

A. Vertical Stacking

Using direct vertical stacking technology, by

simulating the same source several times shooting, the
collected signal vertical stacking, inhibiting random noise,
improving the signal to noise ratio. Located i receive the
signal of the detector as follows:

X.(n)=S(n)+ N,(n) M

S(n) is the reflected signal without noise, N,(n) is
random noise as I recorded, without loss of generality, it

is assumed that the expected value is 0,variance is 0'12 )
as well as assumptions S(7n)and N, (n)are unrelated,
random noise in different records are not related.Set
X i(n)as output for direct vertical stack, then:

X(= Y X()= ]S0)+N ]

M _
:S(n)+$ZN[(n)=S(n)+N(n) @)
i=l
Visible,Useful

signals is still S(n) in Arithmetic

average,Noise becomes:
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N(n)= %f N.(n) 3

Therefore, the use of vertical stack technique can
reduce the power density uniform noise Gaussian
white noise, can to a great extent weaken the effect
of random noise for seismic signals.
B. Automatic Gain

Auto-gain technology, refers to the gain by
choosing the appropriate value, reflected deep
stratum with weak signal enhancement. To
determine the gain value, first determine the
attenuation of seismic trend and curve. Generally
speaking, as the formation depth and geological
composition, seismic wave propagation speed, the
greater degree of attenuation of seismic signal, and
with a frequency sweep signal, high frequency parts
relative to the low frequency part more likely to
decay. It can be seen that on a single target, sweep
signal decay exponentially; for multiple targets,
deep reflection for the shallow greater attenuation.

First of all, the known absorption parameters is
O =1.4*V>7, then the formula can be obtained by

the following formula:

Loop(-0'a,) @
0

Including A, is target reflected wave amplitude, A,

for the initial amplitude, f for the seismic wave
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frequency, f,is seismic waves two-way travel time.

Through the acquisition to gain value corresponding to

the signal is multiplied by 4,/ A, , the received signal

automatic gain can be realized.
C. Filter

Collect seismic signals often contain a lot of noise, like
power noise, random noise caused by wind or cars,
Gaussian white noise and so on, select the appropriate
filter to filter noise, is a very important virtual
seismograph data preprocessing step. First, we set a 49 to
51Hz band, band-stop filter frequency noise filter and
reuse digital lowpass filtering to Gaussian white noise. To
design the ideal frequency response of the filter was

H,(e’”), unit impulse response is h,(n), they are a

pair of Fu-transform, it is:

H, (e/”)= ihd (n)e " )

h,(n)= if” H,(e')e"dw  (6)

In order to have a cause and effect and finite filter 4(n) ,

the most straightforward way is to use the Windows

function @(n) to add its window handle. That is:

h(n) = h, (n)o(n) D

Its frequency response is:
. N_l .
H(")=Y h(n)e™ (&
n=0

Therefore, the digital low-pass filter using kaiser window,
and Wavelet analysis in two ways[6][7], the seismic
signal is filtered. Filter as shown in Figure 4, Figure 5,
Figure 6:

05

Ryy2()
(=]
T

Fig.5 The signal after wavelet analysis

05

...................

Ryyd()

Fig.6 The signal after Kaiser window low pass filters

D removing wasted signal

Signal acquisition process, because of poor
geophone coupling or due to the interference
problem and circuit over, may be collecting obvious
errors or not available signal, the signal needs to
eliminate waste signal, for example, in Figure 7
below the 15th and 19 signal is the obvious waste of
signal. Waste removal need to judge each one along
with its former degree of correlation, two signals of

x(t) and y(t), then the correlation function:

R, (r)= m%jj Xyt +rydt  (©

If its normalized is less than the set threshold, the
judge to scrap signal, with the closest before the
signal normal signal it replaced. Threshold selection
is to reference statistics generally agreed that
micro-related thresholds 0.3, can also be based on
the entire set of data each and preceding
cross-correlation of average of the normalized
values for proper adjustment. Through the waste out

of the seismic data as shown in Figure 8:

2482

IREEEE

Fig.7 Before removing wasted signal
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Fig.8 After removing wasted signal
more useful information, signal to noise ratio
VI. RESULTS improves nearly 8dB, so virtual seismograph data
preprocessing is a certain practical value.
Importing 24-ways data through the preprocessing of
data than the original data changes, noise reduction, and

=
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Fig.10 Data after preprocessing
signal pretreatment process and 24-ways simulation
VII. CONCLUSION signal and 24-ways signal processing of measured
data, waste can be carried out, after dealing with an
This innovative project has basically completed the increase in the signal to noise ratio, embodies the
expectations, realize Single channel Multiple Target layer meaning of signal processing.
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Virtual seismic design based on LabVIEW

Xiaolong Lu; Yanhui Liu; Meiqi qin

(jilin university instrument science and engineering institute,changchun, 130012 )

Abstract--Field seismic exploration need to spend a lot of manpower and resources, it is difficult to achieve teach. The essay

designs a virtual earthquake instrument that is based on the software of LabVIEW and simulating of the whole process of field

seismic exploration. Let we can learn knowledge of seismic exploration in the interior and mastering the basics of operation.

Designing exploration process is divided into multiple modules. It is to programming by the LabVIEW. Filter consists of the

LMS algorithm that is making use of the MATLAB to programming. Be based on a single signal to build multichannel signal

by the way of building array. Through reading and comparison of the actual measurement signal, Verifying the correctness of

the virtual earthquake instrument and proving the feasibility study field seismic exploration in the Interior.

Key words--Virtual instrument Seismograph LabVIEW

I. INTRODUCTION

GEOLOGICAL survey seismic survey techniques are an
important source of technology, using advanced
seismic survey techniques, we can find many resources,
such as oil and natural gas. In surveying technology in
the seismic survey is the most frequently used and
most effective technology.[1]The further development
of seismic surveys are part of the solution to the energy
crisis problem. Seismic survey and experimental needs
in the field of environment, but also related to the need
to carry equipment. The process brought great
inconvenience to Trier, and the experiment will also
need to consider the wild involves risk.

Today, the
technology, and because the virtual instrument is

rapid development of computer
different from the traditional instrument is simple, the
advantages of convenient use, virtual instrument
technology has been continuously used. Virtual
seismograph used in computer software, there is no
real instruments in data processing, display and
transmission constraints to simulate the seismic
exploration process.[2]Virtual seismographs designed
so that people can clearly understand the process of
field seismic survey and user convenience, there's no
need to experiment in the field, avoiding the risk of
seismic surveys are likely to occur in the wild.

This study mainly using MATLAB and LabVIEW
software for seismic signal to the whole virtual data
acquisition process, first of all, to understand the actual

exploration seismograph working processes and

120

working principle, use of MATLAB and LabVIEW to
this process and simulation instrument system design.
Design is modular in design, the overall system is
divided into different functional modules, modules one
by one after achieving complete simulation of actual
seismograph. And then designed a good visualization,
adjustable parameters, simple virtual seismographs.[3]
Graphical language LabVIEW instrument system with
good visual and adjustable features, is easy to operate
for the public. MATLAB is used for algorithm
development, data visualization, data analysis and
of  high-level
computing language and interactive environment, with
powerful features. Use of MATLAB and LabVIEW
software, two powerful software functions into full

numerical  calculation technical

play and learn from each other, to improve the system
design of the instrument.

II. THE SIGNEFICANCE

This study is the whole process of seismic
exploration instruments for field work simulations and
simulation of the seismograph basic composition. By
simulation to show part of the seismic exploration
equipment for field work, to Trier has brought great
convenience, but also to avoid uncertainty of the field
survey.[4]Virtual
seismograph of structures and functions of each part,

seismograph made familiar a
and make it easier to understand the basic principles of
seismographs. Through the design of a low cost,
visualization, virtual seismographs with adjustable
parameters, you can make it more convenient for
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operation. Therefore, by making virtual seismograph
seismic to simulation process is of great significance.

IIT.OVERALL DESIGN PLAN

This design is the whole process simulation of field
seismic exploration. Figure 1 diagram of the process of
seismic exploration as a whole. Signal source is system
of signal occurred part, to produced test signal and
simulation source signal; more road simulation switch
is on signal source produced of signal for select;
earthquake wave spread simulation part is simulation
earthquake wave in underground spread and was
detector received process; zoom device to will received
of signal for Zoom; filter part is on received signal for
drop noise processing, then get effective signal, storage
displayed part is will processing Hou of signal for
storage and will get of results displayed out.[5]

signal source Multi-channel Seismic wave
» switch > propagation
A 4
Store and filter Amplifier
: J— «—
display

Fig.1: Overall design diagram

For the convenience of users of the operating system
and study seismic exploration related knowledge, this
design is divided into four modules, namely the source
module, the Seismometer modules and parameters to
set some module, displaying the result. This design is
based on LabVIEW virtual instrument design for
software platform, and through the design of complex
signal simulation with MATLAB filter.

IV. VIRTUAL SOURCE MODULE BUILD

Virtual source mainly used in simulation of
seismic exploration source section. In the actual
field seismic exploration, commonly used excitation
wave hammer, explosives and seismic vibrations.
Here is the simulation of vibroseis vehicle-generated
earthquake wave and vibroseis vehicle produces a
linear changed continuous frequency sweep signal,
this is an example of time-varying signals, are

widely used in communications, radar, sonar,

medical as well as seismic and other signal
processing areas.[6] Virtual source include test
signal simulation, seismic signal simulations,
formation simulation in three parts.
A.  Seismic signal simulations

Artificial

vibrator, is now a commonly used method of seismic

stimulation of seismic waves using
exploration. This method of seismic waveform is
known, is during the scan frequency chirp linear
increasing or decreasing over time (chirp) signal[7].
Figure 2 is a linear frequency-modulated signal

waveforms.
chirp

Amplitude

time

Fig.2: Linear frequency-modulated signal

This design of chirp signal call MATLAB nodes to
LabVIEW Simulation. In LabVIEW, you can write a
MATLAB program by calling the node. Has a specific
function in MATLAB to chirp signal adjustable
parameters. The main parameters are signaling the start
time, signals an end time, signal instantaneous
frequency, signal the instantaneous frequency of the
end times. Program source signals as shown in Figure

3.

Amplitude

: fs=5000 chirp signal
Scan time t=0:1/fs:T; (=
¥ y=chirp(t,FLT,FH); (x>
Start Frequency n=T"s

; I

end Frequency
:

Fig.3: The source signal program

ll Sampling points
v

Sources also produce three test signals: random
noise, sine wave and pulse. Simulation source in order
to facilitate these types of signals and signals for the
choice, we need to design a multi-channel analog
switch. Conditions of this design will take advantage
of LabVIEW structure to achieve this function,

121



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2016

specific procedures, such as in Figure 4.

Seismographs can receive a variety of signals: three
test signal with the signal. In order to facilitate these
kinds of signals are selected, you need to design a
multi-channel analog switch. Conditions of this design
will take advantage of LabVIEW structure to achieve
this function, specific procedures, such as in Figure 4.

Signal choose

Test signals

N — :

=

2

chirp.wi

1

Fig.4: Multi-channel analog switch

B The Underground Simulation Of Seismic Wave
Propagation

When the source after the seismic wave, in part
through the detector directly on the ground receiving,
this part is called the direct wave, after reflection,
the others into underground detectors to receive, this
part is called the reflected wave. Seismic wave
propagation in the ground, when two interface
interfaces are encountered, formed a portion of the
energy is reflected back to the original media
reflections and then received by the detector,
another part of the energy through the interface into
[8]In this
assumptions of seismic waves through a single

the next medium. design, only

interface.

Excitation point
ground

., |

>
5 rd
Direct wave

Reflected wave'

h

Interface

Medium 1

Medium 2

Transmitted wave

Fig.5: Seismic wave propagation
Assuming the shot point distance of the first detector
to S, distance to the surface of the ground for h,
seismic wave velocity to be V, you can get source
seismic wave reflection reaches the first detector after
time T.
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(1)

Happened due to seismic waves excited by ground

reflection, transmission, loss of energy, and
underground media will absorb seismic energy, so the
detector is a significant decay in amplitude of the
it for further

processing. Due to shooting and receiving conditions,

received signal, need to enlarge
the natural environment and the effects of surface
conditions, geophone seismic signals received by the
also contains a lot of noise, the variety of things and
more difficult to deal with, the design only three
typical noise simulation: frequency noise, Gaussian
white noise, random noise.

By equation (1) can be obtained by the LabVIEW
detector receives the reflected wave does not contain

noise.

Stratum depth
P iE:3 ! :
Offset Farmation reflection array

'-zbbbbbgbmb o g =

Velocity
v

Fig.6: Without noise reflection wave program
Simulation noise added to the reflected wave, and
can be called noise waveform control in LabVIEW to
simulation. In order to make the program more concise,
this design of chirp signal formation process of
reflection, noise simulation VI. Module program is

implemented.

offset deutp
L Formation reflection vi

=
2

Scan time
" D

Start Frequency 0.0002
. @
Output power| | chirp vi
DBLY
=

End F o B
& requ?n(v ® Receiving detector signal

Choose Noise 2 hd o
[ .

=

Noise vi

Fig.7: The reflected wave simulation

V. SEISMORGRAPH IN MODULE

CONSTRUCTION

Seismic exploration instruments General recorded
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by seismometers, amplifying and filtering processes,
the system consists of 3 parts. Seismic vibration
detector parts can be picked up directly, and convert
the wvibration energy instruments record form.
Magnification filter part of the role is to filter the faint
signal detector output noise and gain control.
Recording system to record signals in different ways.
Detectors, amplifying and filtering processes,
composed of 3 basic parts of records a trace.
Seismographs are usually multiple, followed by road
will be constructed through a signal signal.
A. Filter part

Seismograph module receives the signal contains a
lot of noise, and will seriously interfere with signal
detection, noise processing need to design filters. This
design using LMS Adaptive Filter combined with
band-pass filter design algorithm. Since the chirp
signal is frequency range, frequency in linear change
between the initial frequency FO and the end frequency
F1, so using a band-pass filter with FO and Fl1,
respectively, as a low-pass filter, high pass cutoff
frequency. Overlap in the frequency, this design using
adaptive filtering LMS algorithm for noise reduction.
Adaptive Filter is a filtering method developed in
recent years. It is in the Wiener and Kalman filtering of
linear filter developed on the basis of a filter. And it is
more adaptable and better filtering capability.

LMS algorithm

algorithm, generally consists of two basic processes:

is a linear adaptive filtering

(1) the filtering process: calculating linear response of
output to input signals by comparing the output with
the expected response estimation error.
(2) adaptive processes: automatically adjusts the filter
parameters according to estimation error.

Their specific program in Figure 8:

MATLABE script
Fs=5000;
k=150; BT SR L MSELE iR R 2
| u=1/Fs; b EET
WIREWE
yn_l=zeros(1,N}; Youtput signal
yn_1(1:k)=x1(1:k); %HgE N ESSignalAddNoisefTETk- MEFEEIHyn_1
w=zeros(1,k); IR B IEIDE
e=zeros(LN); WREETS
S FALMSEEEf SR
| for i=(k+1:N

KN=x1(0-k+13:0));

I yn_1{=w*XN';
elil=x2()-yn_1();
w=w+2*u*e(i)*XN;

I end

A=(FLI*2/Fs;
“L| B=(FH)*2/Fs;
I * a=A-35/Fs;
1b=B+35/Fs;
inwn,bta ftype]=kaiserord(fa A B b],[0 1 01,[0.01 0.1087 0.01]);
‘ b22=firl(n,wn,ftype kaiser(n+1,bta));

ya=filter(b22,1yn_1);
y5=filter(b22,1,x2);

Fig.8: Filtering algorithm program
In order to verify that the filter effect is good or bad,
must be filtered before and after the signal to noise

ratio, its get procedure as in Figure 9:

T T T T e e e e e et aT i Tatatats tateiaTatn T Inintat eiatala Talat
BHe:] || signal SNR
= E-g =
| e
N
ul [ [
L "‘*l
|
1
o |
B 8 e o o e e o e e e e e e e e e e

Fig.9: Calculating a signal to noise ratio
B. Recording system
Data storage module of this design is the result of
filtering with a. txt format file to your computer. In
LabVIEW, write spreadsheet VI is called a filtered
signal as an input, as a string data type, enter the
address of the computer you want, enabling data
storage this function. Waveform data stored procedure
as shown in Figure 10:
resolution (16 bit)
Exay
v {Lenn
Swltchmgi :J_’:?It_age-; 2 I> |

I[DBLH-

byte order

|0|itt|e-er1dian Vl—
File storage path f El —
L=

create ¥

i

+write-only *

Fig.10: Waveform stored program
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VL.  PARAMETER SETS THE MODULE

CONSTURCTION

Set up in the module, you can select and set
parameters of the input signal, you can choose to join
the noise signal, and can also set the wave velocity,
offset, channel space, depth and other environmental
paths, AD
Seismometer parameters such as resolution. This

parameters and amplification, stores
module is designed to allow users to operate the entire
system, no need to jump between each interface
operation.

Parameter Settings

AD resolution

signal noise offset amplifier gain

rEE— = = = ]
JI)‘:‘E'E%_‘Lj o= B EB ] (Bhe ] (B ]
start frequency scanning time: Wave velocity Track pitch) depth

~ e = = (=
=] 20 J By } | = |4500 ] | =50 ] | | 1000 ]
= &2 L L J
NEEEEEY e frquene path of read magnification
Eom  Emm - B e
= - 2 1 =

path of save

B EF T date\ Rt
Fig.11: Parameter settings on the front panel

The front part back panel program is the virtual
source and Seismograph of the part VI, then called VI
to finish each part. Due to this design simulation shows
24 seismic signals, so need to write 24 waveform
construction program.

Analog 24 signals in this design is implemented as
array operations in LabVIEW, analog 24-detector
receives seismic signals, 24 Avenue signal spacing,
offsets can be adjusted. Each detector receives signals
transmitted by ground direct reflection reflection and
in the

communication process. And then to follow up on

formation, and mixed with the noise
adding 24 signal amplification, filtering, and ultimately
stored in the computer.

Construction method of the array consists of a single
simulation 24 signal road signal, a single channel
signal as an input, use an array initialization control to
determine the length of the array, and then create an
array using controls to create an array of 24 of the
same. While structure to delay processing the array of
24, a total of 24 cycles. In while structure in the, using
delete array elements controls followed by out 24 a
array, using a dimension array cycle displacement
controls on out of array for two times translation, first
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times of translation is direct wave spread of time,
second times only need translation reflection wave and
direct wave spread of time, 24 a array are after such of
processing, then using array insert controls followed
by will 24 a array plug back original array. While
offering after each processing input and output shift
register to save the results. After 24 loop, for 24 signal
simulation is complete.

Original part VI called noise, choose Gao Sibai,
random noise and frequency interference and other
noises.

Delay time formulae:

s + 1d
ty = ——— 2
; U1
. 2
s+id
2 ( j +h?
2
ty = (3)
u,

S spacing is user adjustable offset and d road,
h-depth, i cycle, ul is the propagation velocity of
seismic waves in the Earth's surface (3200m/s), the u2
for seismic wave propagation speed for user input in
the formation.

B :
B

BB | [y
B> B> L EE Tbi‘

; |
5 O EE BEY

Fig.12: 24 Channel signal building

VIIL. DISPLAYING THE RESULT

Results display module can display source signal,
the detectors receive signal, the filtered signal, filter
before and after the relevant signal and simulation
signal and measured 24 24 signals. By visualizing the
results of each part, and allow users to clearly
understand the entire process of seismic exploration.
This design is to achieve this by means of a global
function, to output the results of the preceding sections
as a global variable, then calls the global variable to
display the results of each part.

In LabVIEW, if you need to use a global variable, it
is necessary to establish a separate global variable VI,
the VI has one input and one output, and cached when



Xiaolong Lu etc.: Virtual seismic design based on LabVIEW

the data input in the global variables in the VI can be
called at any time. Establishing global variable data
format must be set when the variables, global variables
corresponding to the entry must be a data format.

IMIE(F) 4RE((E) =ZFJ(V) MWHP)

| 17pt seFEE -, | P |

Array - Numerical

—

Fig .13: Global variable settings

Global Variables write

00:00:00.000
YYYY/MM/DD

Signal of source

@ cignal out

Glokal Variakles read

Signal of source Signal display

@signal outh

Fig. 14: Global variables written calls

VIII. CONCLUSION

Based on the LabVIEW software platform designed
a virtual seismograph, simulation of field seismic
exploration of the whole process and displays the
results of each part of the process, more intuitive
display seismic exploration process, making it easier
for teaching. LMS Adaptive Filter algorithm in the
design of filters designed to increase SNR 20dB,
allowing earthquakes to be effectively extracted. This
virtual instrument used in teaching provides an
example, present virtual instrument technology is
booming, but now teaching of many instruments is

difficult to implement. Virtual instrument is widely
used in instrument teaching.
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MRS parameter extraction method based on BP
neural network

Jinming Jiang; Zhenyu Zhou; Ying Yang; Chuandong Jiang
(Instrument Science and Electrical Engineering, Jilin University, Changchun 130000)

Abstract--In order to realize the four key parameters extraction, the initial amplitude, mean relaxation time, frequency

deviation and initial phase of the magnetic resonance sounding (MRS) signal for the groundwater detection, a nonlinear fitting

method based on BP neural network is proposed in this paper.

The modeling method of nonlinear fitting of BP neural

network is studied. The four key parameters extraction and the design of graphical user interface are realized. Using linear

fitting , nonlinear filling and BP neural network are used to extract the four parameters of MRS signals with different

signal-to-nosie ratio, by comparison, the MRS parameter extraction method based on BP neural network has the highest

accuracy and stability.

Keywords--MRS signal, BP neural network,key parameters extraction

I. INTRODUCTION

THROUGH extracting the initial amplitude, mean
relaxation time, frequency deviation and initial phase
of MRS signal, the hydrogeological parameters is
calculated, therefore, we can obtain the distribution of
underground aquifer and the size of water content , and
estimate the permeability ,hydraulic conductivity and
the size of the water inflow , which provide
quantitative reference for groundwater wells and water
capacity. When the SNR is high , linear fitting and
nonlinear fitting method are used to achieve better
extraction effect, but the problem is still in the low
SNR [1].So it is necessary to seek more accurate
methods to extract nuclear magnetic resonance signal
parameters.

As a typical algorithm of artificial intelligence
network, the BP neural network has the advantages of
simple structure, high precision, easy to use
programming, etc. and has strong nonlinear mapping
ability, the BP neural network is one of the most
important algorithms to solve some nonlinear problems,
and one of the most important algorithms in the field
of intelligent . Based on these advantages, based on the
BP neural network fitting method is used to extract the
MRS signal parameters in this paper .We can build a
suitable neural network model, initialize input data for
training the neural network, and then input test data to
extract parameters, in order to get more accurate

parameters.
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IL.LRESEARCH FOUNDATION

In order to facilitate the extraction of parameters,
first of all, the two orthogonal signal of the MRS signal
envelope signal is simulated[2].

E(1) =x(@)+i-y(1) @D
x(¢) =Eoe™' " cos(S wt+¢p,)+&. () (2)

W(6)=Ege™'" cos(S ot +p,)+e,(t) (3)

Among them, E(¢) is a time domain signal of MRS, 8

is the difference between receiving angular

frequency and Larmor angular frequency ®0, and
ex(t) and ey(t) is the combined effect of various noises.
Taking

t=0~1s,E0=200nV, T, =0.4s, & = 0.5Hz,

¢, =0, SNR=10 to obtain the ideal X component, Y

component signals MRS FIG 1 (a), 1 (b) in Fig.
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Fig. 1 MRS signals X, Y component
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A. linear fit

In order to extract the initial amplitude £ and

mean relaxation time 7. 2* ,Linearization of Formula
1,obtaining:
L(t) = log(|x(1)+i- y(t)|)

=log<E0>—%+eL (1) (4)

2

Among them, &, is the transformed mold noise of x

Visible, the curve after

transformation is linear with respect to time variable ,

and y components

and can use the least squares straight line fitting to

obtain £ and T; Similarly, in order to extract the

and receive frequencies

Sf

initial phase ¢,

following conversion of the Formula 1:

A(t) = arg(x(2) +i- y(2))
=27m-gf - t+ gy +e,(1) )

Among them, &, 1is transformed Phase noise.

Available obtained by least squares linear fitting ¢,
and o ,Receiving frequency f=f,+Jf .

Apparently due &, andg, the four key parameters

’

are extracted an error, it should be possible to improve
the SNR [3].Based on the above principle, linear fitting,
inthe case of SNR=10, the amplitude and phase of the
fitted curve are shown in Figure 2 (a) 2 (b) below. We
can see a higher SNR, the better the effect of linear fit.

Fitting amplitude
T T T

o

Signal(nv)
=

N
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Fitting phase
T

o
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)
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Time(s)

o
QL

Fig. 2.Linear fitting curve

B. nonlinear fitting

In order to reduce &(¢) and &(¢) , It can be

based on the minimum mean square nonlinear fitting

methods, definitions function
min(} (x(t,)—x,(6,)F + > ((t, —y. @)1 (6)
Among them k
x()=EcosQr- -t+¢)-exp[~1/T, ] (7)
V()= E,sin@r- -t+¢)-exp[-1/T,']  (8)

of is representative of the frequency deviation, EO is

represents of the initial amplitude, ¢ is
Representative of the phase, the above principle, based
on nonlinear fitting method minimum mean variance
of x, y component extracted by fitting the four
parameters [4] .In the case of SNR=10, the fitting
curve in Figure 3. It can be seen lower SNR, the better

the effect of nonlinear fitting.

x components fitting a
300 T T

N}
=1
=]

Signal(nv)
8

i H i i L i i L i
0 01 02 03 04 05 06 07 08 09 fl
Time(s)

y components fitting b

T

Signal(nv)
3

o

1 i L i L i 1 L i
01 02 03 04 05 06 07 08 09 i
Time(s)

Fig. 3 .Nonlinear curve fitting

III.BP NEURAL NETWORK NONLINEAR FITTING

A. Principle scheme

BP network construction, the first to determine the
nonlinear function of the input, the number of
output.BP neural network to determine the structure
and input layer, hidden layer, the number of nodes in
the output layer, input and output data with nonlinear
function of neural network training, so that the network
can predict the output of nonlinear function .Firstly,
the input and output data of the N group are obtained
from the nonlinear function, and the most training data
are used to train the network in the M group. The rest
of the N-M group as the test data for testing the
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performance of the network fitting. The fitting process
as shown in Figure 4 [5].

BP neural network

System Constructi f suitabl
Y onstruction of suitable | |

BP neural network training

BP Neural Network
[+

BP Neural network
N —»|

Modeling BP neural network initialization Training

BP Neural Network Prediction

BP Neural Network
Test Data
Prediction

End of the
training ?

Fig.4. BP fitting process block diagra

B. Design

The simulation data were randomly selected in the
2000 groups, the data were normalized mapminmax,
and the BP neural network with single input and
double output was constructed.In order to make the
data fitting effect better, and select the single hidden
layer node number is 6, the number of iterations for
100, the learning rate is 0.1 and target error 0.00004 of
BP neural network for training and the X, Y
component of predictive output and reduce the error
and then fitting the nonlinear parameter extraction

[6] .The BP neural network model is shown in Figure

Hidden
Layer

Fig.5. BP artificial neural network model

IV. USER INTERFACE DESIGN

Design idea is to create a new graphical interface,
and then add a button on the GUIDE interface, and
finally add the button to the program code to achieve
the function of the display[7].Guide interface, there are
three buttons, respectively, on behalf of the linear
fitting amplitude fitting and phase fitting drawing,
drawing the nonlinear fitting of the x component fitting
and Y component of the fitted, BP neural network is

used to fit the x component fitting and Y component of
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the fitted and 20 times the initial amplitude, the
average decay time, frequency deviation and the initial
phase is a state density curves of histogram[8]. The

user interface is shown in figure6:
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Fig.6 .User interface

V. COMPARISON OF THE RESULTS

Selecting the initial amplitude for 200 NV, the
average decay time is 0.4 s, frequency deviation for 0.5
Hz, the initial phase is 0 DEG, substitute it into
formula (1) calculated by MRS Signal in time
domain.And add 5%, 10%, 20%, 100%, 1000%, of the
Gauss noise.

The accuracy of the key parameters of the initial
phase is extracted by comparing the different methods
to extract the initial amplitude, mean time to decay,
frequency deviation. four key parameters are
extracted by using linear fitting, nonlinear fitting and
BP neural network nonlinear fitting method.Results are
shown in Table 1, table 2, table 3, table4, table 5.

From the table, when the SNR is 20, the four key
parameters are obtained by using the linear fitting
method. The key parameters of nonlinear fitting
method and BP neural network are used to obtain the
key parameter error.  When the signal to noise ratio is
10, the four key parameters are obtained by using the
linear fitting method.The key parameters of nonlinear
fitting method and BP neural network are less error.
When the signal to noise ratio is 5, the four key
parameters are obtained by using the linear fitting
method.The key parameters of nonlinear fitting method
and BP neural network are less error. When the signal
to noise ratio is0.1, the four key parameters are
obtained by using the linear fitting method.The key
parameters of nonlinear fitting method and BP neural
network are less error. But the same data, linear fitting,
nonlinear extracted once

fitting can only be
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parameters.But BP neural network can be used for the
same data samples randomly selected data fitting,
selection of 20 times. Although the fitting effect of BP
neural network and nonlinear approach, but the same

time for each signal to noise ratio of the same data

fitting 20 data statistics, compared with the previous

fitting method to improve the reliability of the

extraction of four parameters.

TABLEI
SNR =20 PARAMETER EXTRACTION RESULT OF THE COMPARISON
Initial Frequency Initial
SNR =20 Amplitude | Error% The average Error% | Deviation | Error% | Phase | Error%
decay time (s)
(nV) (Hz) (rad)
Linear fit 200.139 0.070 0.320 20.050 0.498 0.480 | 0.004 | 0.410
Nonlinear fitting 200.294 0.147 0.400 0.100 0.500 0.020 :(7)(2); 0.005
BP neural
network 200.023 0.012 0.400 0.025 0.500 0.020 | 0.001 0.010
nonlinear fitting
TABLEII
SNR =10 PARAMETER EXTRACTION RESULT OF THE COMPARISON
Initial The average Frequency Initial
SNR =10 amplitude | Error% | decay time (s) | Error% | deviation | Error% | Phase | Error%
ANV) (Hz) (rad)
Linear fit 193.631 3.184 0.321 19.725 0.496 0.880 0.008 0.750
Nonlinear fitting 200.588 0.294 0.399 0.200 0.500 0.040 0.001 0.110
BP neural
network 199.630 0.185 0.400 0.025 0.498 0.320 0.000 0.020
nonlinear fitting
TABLE III
SNR =5 PARAMETER EXTRACTION RESULT OF THE COMPARISON
Initial The average Frequency Initial
SNR =5 amplitude | Error% | decay time (s) | Error% [ deviation | Error% | Phase | Error%
(NV) (Hz) (rad)
Linear fit 173.320 13.340 0.322 19.400 0.494 1.260 | 0.011 1.060
Nonlinear fitting 201.176 0.588 0.398 0.400 0.500 0.060 | 0.002 0.230
BP neural
network 199.819 0.091 0.401 0.125 0.502 0.340 | 0.001 0.100
nonlinear fitting

129



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2016

VI. CONCLUSION

We use linear fitting, nonlinear fitting, BP neural
network nonlinear fitting methods are three ways to
MRS initial signal amplitude, the average decay time,
frequency deviation, the initial phase parameter
extraction, and the extraction results were compared.
Whether seen from the comparison result of BP neural
network nonlinear fitting the extracted data has a
higher reliability in the case in which SNR [9], you can
more accurately study the distribution of underground
aquifers and water content the size of the nuclear
magnetic resonance to detect groundwater extraction

efforts [10], to lay the foundation for future work.
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Intelligent Cruise robot Based on Multi-sensor
Detection

FU Bo; GAO Song; SONG Chunyu; YANG Guang
(College of insrumentation and Electrical Engineering, Jilin University, Changchun 130022,China)

Abstract--Alone at home for the elderly to design a set of security issues on the tube infrared sensors, smoke sensors, infrared

obstacle avoidance sensors and other multi-sensor in one of the intelligent cruise robots. Coordinated by the main controller,

complete tracking, obstacle avoidance, smoke alarms, video transmission and other functions. Trolley through the host

computer for remote control, real-time transmission of images collected on-site environment. Smart Cruise effects of the

present device can meet the current development requirements, its small body, full-featured, practical, with a wide range of

market applications, reducing the possibility of accidents.

Key words--sensor system remote monitoring and control

L.INTRODUCTION

WITH the development of society the aging society is
coming, most of young people are working outside and
unable to take care of the elderly, so elderly care is
becoming more and more important. Some people
choose to hire a nanny at home to take care of their
parents, others decide to send elderly to nursing homes,
both two ways cost much money, and young people
can not be in direct contact with their relatives, so
these methods can not solve the problem well. In order
to solve this problem effectively, the electronic devices
of the elderly care have been paid more and more
attention. So we try to design a robot with intelligent
cruise function to solve these problems[1]. Through
the monitoring functions of the device the robot we
design can make the young people be know health and
lifestyle information of their parents at home, in the
event of accidents or emergency situations they can got
the news and deal with it at the first time , which
greatly reduces the possibility of accidents[2].

At the same time, with the further development of
material life, people pay more attention to the
enjoyment of family material life and ignore the safety
problem. For example, the gas leak, because the gas is
easy to transport and storage and It has a wealth of
resources, etc. So the gas occupies an important
position in the country's development and our daily life.
With the wide use of gas, the types of gas accidents are
also diversified, the frequency of accidents also
increased year by year. Because gas is flammable,
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real-time communication

explosive, easy flow and easy diffusion, once leakage,
the leakage gas and air become explosive mixtures, if
it meet the heat or fire the explosion and fire dangerous
easily occurs, if the leakage gas is inhaled human body,
still can make people poisoning and even death.
Therefore, how to accurately determine whether the
gas leak at home and take appropriate measures to
control the occurrence of accidents in time, has been a
subject of research. Our project is designed to produce
smart home robot with a gas leak detection function, to

avoid the occurrence of major accidents.

IL.THE SYSTEM DESIGN

Intelligent cruise control system using 89C51 MCU
plus Arduino chip coordinated to control the entire
system stably operate. The main controller 89C51 chip
mainly control the car's normal running, autonomous
tracking, autonomous obstacle avoidance, smoke
detection, auxiliary controller Arduino chip mainly
perform the function of video acquisition and wireless
transmission[3~4].

During the cruise, the robot detect the road ahead
through the camera, and the scene video uploaded to
the host computer software. Its variety of sensors can
be aware of environmental changes, once the detection
of smoke, the robot will send alarm signals. Robot uses
the infrared sensor for dynamic monitoring of the field
environment, and avoid the encountered obstacles. The
robot has a self tracking function, can be in accordance
with the provisions of autonomous cruise line. Based

on these features, it can be intelligent cruise at home
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and improve the security.

[II. THE HARDWARE DESIGN OF THE ROBOT

The cruise robot has perfect sensor system, the
ability of real-time communication and a reliable
execution mechanism[5]. The overall structure of the
system and the specific functions shown in figure 1:

WIFI Th
N e
MCU module pc
Camera
Motor
4_
Control
i O
otor mar
_— . <_
Infra-red ] unit robot
sensor
Smoke
4_
|_sensor |

Fig.1 The system's overall diagram

The specific work of each module is as follows:

(1) Motor drive module: using L298N as the motor
driver chip. L298N with a high voltage, high current,
high frequency response of the full bridge driver chip,
a L298N can control two DC motors. The motor
driving chip has the advantages of strong driving
ability, convenient operation, good stability and
excellent performance. The L298N enable terminal can
be connected to the level control, it can also be used to
control the MCU software to meet the needs of a
variety of complex circuits. In addition, the drive
power of L298N is large, the different voltage and
power can be output according to the size of the input
voltage, which can solve the problem that the load
capacity is not enough.

(2) Tracking module: using pulse modulation
reflection type infrared emitter and receiver as a
tracking sensor, signal modulation with AC component,
can reduce the external interference. Signal acquisition
part is equivalent to the eyes of the intelligent tracking

car, by which complete black line recognition and high

production, flat signals are transmitted to the control
unit and microcontroller to generate the instruction to
control the driving module and to control the working
state of the two DC motors to complete automatic
tracking. JY043W type photoelectric tube and voltage
comparator LM393 as the core part, plus the necessary
peripheral circuit[6].

(3) The ultrasonic module and the two way pulse
modulated reflection type infrared emission receiver.
Ultrasound can realize ranging, using ultrasonic return
signal changes make the MCU interrupt, realizing the
judgment, when the distance is larger than a value it
can continue to move forward, when the distance is
less than a certain value, the SCM processing to
achieve obstacle avoidance[7].

(4) Gas detection module: the gas leak detection
device uses MQ-5 gas sensor, the sensor is used in the
gas sensor material in the clean air conductivity of the
(Sn02). The
conductivity of the sensor increases with the increase

lower two tin oxide electrical
of the gas concentration in the air when there is a gas
leak in the sensor. With simple circuit, the change of
conductivity can be converted to the output signal
corresponding to the gas concentration. MQ-5 sensor
has high sensitivity to methane. This kind of sensor is a
low cost sensor suitable for this product. When the gas
concentration exceeds a certain concentration, the gas
detection device will alarm to remind people caution.
(5) Based on HD camera and WiFi module, which is
developed for
function[8], it has
transmission function: intelligent robot can identify the

on-site environmental monitoring

video capture, coding, and
environment according to the input image recognition
in front of the camera[9~ 10]. By optimizing the
software and hardware of the intelligent robot, to
ensure the completeness and accuracy of the gathered
under different environmental information.

[V.THE SOFTWARE DESIGN OF THE ROBOT

The system uses 89C51 single chip microcomputer
to carry on the data processing[11], uses the C
language to carry on the development to the software
part, makes the software readability, The program of
the whole system uses the modular design method of
the subroutine call, the design of each module is
relatively independent, which is easy to modify and
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adjust. The flow of the program is shown in Figure 2.

( Start )
v N4
T Robot
Initialization 4—‘ | avoidance
v
Ly CarTu.er.a
acquisition
v
PC
N
Start tracking? |
Y
v v
Robot
tracking End
Fig. 2 program flow chart
V.THE TEST AND ANALYSIS

Tracking test results: black tape affixed in the blank
of foam board, which is S type, open robot tracking
function. The specific phenomenon are as follows: the
left sensor to detect black line, robot left; right sensors
detect black line, robot turn right; left and right sensor
together to detect black line robot straight line. After
repeated testing, reached the requirements of target
tracking.

Function test results: the test is mainly to test the
ultrasonic detection obstacle distance and make
obstacle avoidance reflect accuracilly. The test results
shown in table 1:

TABLE 1
MEASURING DISTANCE AND AVOIDANCE FUNCTION TEST RESULTS
Test times 11213 4 5 6 7
Test distance 21416 8 10 |12 | 14
(em)
Make the right Y Y|Y Y Y Y |N

movement or not

Smoke detection function test results: due to the

134

certain effect of the sensor caused by temperature, so

the robot is tested under different temperature

conditions, which is used to simulate when the room

temperature is different, how the temperature and

smoke sensors work. Test results are shown in table 2:
TABLE 2

TEMPERATURE CHANGE ON SMOKE DETECTOR TEST RESULTS

Test times 1 2 3 4 5 6

Test temperature | 5 10 15 20 25 30
e

Working properly | Y Y Y Y Y Y

or not

As shown in Table2 5 ~30 TC
temperature of the home, the test temperature in this

is the normal

range of smoke detection device can work to meet the
design needs.

Real time image acquisition results: wireless image
transmission image acquisition module movement
process[12 ~ 13], and displayed by PC software
(Figure 3) screen effect visible, video acquisition
system can clearly and truly reflect the environment of
the robot, the effect is

good, in line with

expectations[14].

Fig.3 PC software interface

The whole works as shown in figure 4.

Fig.4 Intelligent cruise robot physical map
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VI.CONCLUSION

After the smart cruise robot completing, on the one
hand its autonomous patrol function will replace
humans cruise work completely, reducing the people's
burden. On the other hand, intelligent security patrol
car with a variety of sensor detection function,
real-time detection to the environment and the indoor
gas concentration can be detected and alert, thus
hidden

guarantee the safety of residents in the state. Smart

promptly eliminate chamber, effectively
Cruise as a new era of human using robot technology
to solve their problems, it is flexible and efficient,
convenient and practical, easy to popularize. It can

be widely promoted.
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Design and implementation of the portable UV
detector based on Android system

Liu Jie; Zheng Ruyi; Jiang Bo; Zhao Wei

(Jilin university instrument science and engineering institute,changchun,130021)

Abstract--1t introduces an ultraviolet detector design. The design includes upper and lower machine two parts. The lower

machine's task is UV measurement and simple data processing. The stm32 microcontroller is chosen as controller, combined

with UVM-30 UV sensor module, CA3140AMZ operational amplifier-based signal conditioning modules, 5110 LCD module,

button module and SH-HC-05 Bluetooth module. Upper machine's task is further processing and display of data, including

Bluetooth data reception and Android app. Bluetooth module receives transmitted data through the phone's Bluetooth feature,

app's task is data processing, drawing a line chart and display. It can achieve real-time monitoring of UV intensity field.

Key words--UV measurement; Microcontroller; Android app; Bluetooth

I. INTRODUCTION

UV has a bactericidal effect, but also has to adjust and
improve the nervous, endocrine, digestive, circulatory,
respiratory, blood, immune system and promote
vitamin D generation function, so for medical and
chemical industry [1]. However, in recent years
because stratospheric ozone has been increasingly
serious damage, the amount of UV radiation received
ground gradually increased. Excess UV is one of main
causes of skin cancer, cataracts, immune system
decline[2], particularly in the area of strong ultraviolet
radiation, ultraviolet radiation on human harm is

particularly significant.

II. LOWER MACHINE

A. Hardware Design

Hardware circuit mainly includes MCU module, an
ultraviolet sensor module, signal conditioning module,
the mode switching module, LCD display module and
data transmission module. UV ultraviolet sensor
module collects data and converts it to an electrical
signal and then enlarge the signal by the signal
conditioning circuit , A/D converter module is to
convert analog signals to digital signals, and then by
the microcontroller to convert it to the UV intensity
with displaying on the LCD and data transfer by the
Bluetooth module. Lower machine kind is shown in
Figure 1. Lower machine structure diagram is shown in
Figure 2.
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Fig.1 Lower machine physical map

mode
switching
module

Signal Data

Sensor [ > L\ MCU a
Module F—— conditionin [ nodule <:> transmissio
g modules n module

LCD
display
module

Fig.2 Lower machine structure diagram
MCU module: MCU module is stm32 SCM as a
controller to control data acquisition and processing.
stm32
high-performance

STMicroelectronics
32-bit
embedded control systems, with a wealth of internal

company's
microcontrollers  for
resources, high-performance, low-power, low-cost
features. The design of A/D acquisition using stm32 is

internal integrated 12-bit successive approximation
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type A/D to reduce hardware costs.

UV sensor module: UV sensor module is UV sensor
module UVM-30 based on GUVA-S12SD
UVM-30 UV sensor module can detect 200 ~ 370nm
UV wavelength range , suitable for measuring the total
amount of solar ultraviolet radiation intensity. Output
voltage of UVM-30 corresponds to the WHO UV
Index classification index, and has high sensitivity
[3],[4]. Features ofUVM-30 UV sensor module are
fast response, interchangeable, linear voltage signal
footprint,
applications, can be used for UV tester, outdoor sun

output, small suitable for portable
UV monitoring, fire detection and so on. Figure 3 is a
typical UVM-30 response curve. The ordinate is the

output voltage, the abscissa is the UV index level [3].

ontput woltage/mV

T 3 4 5 & 7 & 9 10 11
W index lewel

Fig.3 UVM-30a typical response curves

Signal conditioning module: signal conditioning
module is CA3140AMZ amplifier. CA3140AMZ is
general-purpose op amp. UVM-30 output voltage is
0-1V. CA3140AMZ enlarge the range of the A/D to
reduce the error.

Mode switching module: mode switching module is
set module by the key control module , to change the
measurement interval. LCD display module is 5110
LCD screen to display data related to measurements.
5110 LCD is developed by the NOKIA company that it
can be used for liquid crystal display modules. 5110
LCD has 84x48 dot matrix LCD, to display 4 lines of
Chinese characters; using a serial interface to
communicate with the main processor; only nine signal
cables including power and ground. A printed version
of the module can be connected by a conductive
adhesive, instead of connecting cables. 5110 LCD
module is small, and its power supply voltage is low.

Data transmission module: SH-HC-05 Bluetooth
module is used as data transmission module .It can

communicate with mobile phone to achieve real-time

transmission of measurement data, and enables
end-to-PC mode data measurement system control, and
facilitates timely adjustment of the measuring system
parameters. SH-HC-05 Bluetooth module Shenzhen
City Year of Science and Technology Co., Ltd. is
designed for intelligent wireless data transmission and
the development of a Bluetooth module, which the
British CSR's BlueCore4-Ext chip, followed Bluetooth
V2.0 + EDR Bluetooth specification, the highest
transfer rate up to 2.1M, transmission distance of more
than 20 meters.
B. Software design

Software part includes initialization, key scan, LCD
display, A / D, filtering, and data transfer routines.
MCU power to achieve initialized by the key scan
mode settings. Data collected by sensor will be
amplified and then achieve A / D converter ,with
filtering to reduce the error. Then the processed data is
displayed by the LCD 5110, and through Bluetooth
uploaded to the host machine. Microcontroller program
flow chart is shown in Figure 4.

begin

initialization

Key scan

D

A

A/D converter

the number o
samples is
enough?

Filtering

v

LCD
And upload

return

Fig.4 Microcontroller program flow chart
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Filtering Algorithm: number: Because a single
measurement has some chance, the measurement data
with uncertainties produce more variations, with taking
into account the higher bandwidth of the measurement
channel itself and the signal amplitude changing
small in a short time, so the software used mean filter
the way to eliminate measurement errors caused by
accidental factors. It is not only simple operation, but
also can effectively reduce the measurement noise
power density distribution. So it is appropriate for the
processing of the present system involved in the
slow-varying signal [5].

Average filter is the N consecutive samples
(respectively X1 ~ XN) are added and then the
arithmetic mean X as a filter value for this

measurement [5], namely:

1 N
X=—>X ¢
23 !
Assume X, =5, +n; 2)

n is the sample value signal; ni random errors. Then

N N N

1 1 1
X=— (s,+n.):— S +—) n, 3)
N ; i i N ; i N; i
And according to the law of statistics, statistical mean
random noise is zero, so there:

l N
X = ;si )
As can be seen from the above mean filter can
effectively eliminate random noise.

Changes the operation mode of realization: In view
of the process of change of the measured signal is
extremely slow, Signal acquisition doesn't need a high
frequency signal acquisition, only the trigger several
times to the data acquisition and processing at a certain
time. But on the other hand, if it desires to ultraviolet
radiation situation in a short time when sudden there is
a need for continuous monitoring another mode to
choose from, so in this system design use Internal
microcontroller RTC clock for clock function, and
realize Operation mode selection under different
working conditions

mode by controlling the

acquisition time.

[lI. UPPER MACHINE
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Upper computer design includes Bluetooth
communication and Android app design.
A. Bluetooth communication

Bluetooth wireless technology work in the industrial,
scientific and medical Public Utilities 2.4GHz ISM
band, this band worldwide and without authorization.
Bluetooth system[6] uses full-duplex transmission of
information sharing technology, information in the
manner of a packet structure for data exchange. During
transmission, each packet of information to transmit
information uses different frequency hopping
algorithm. "Hopping" technology is the band into a
plurality of channel hopping. In a single connection,
the radio transceiver according to a certain code
sequence "jump" continuously from one channel to
another channel. Only the sender and receiver
communicate according to the law, other noise is
impossible interference by the same law of interference.
Hopping the instantaneous bandwidth is very
narrow[7], which makes the possibility of household
appliances from the same work in the 2.4GHz ISM
band brings interference becomes small, such as
microwave ovens. In the same band wireless system
compared to other work, Bluetooth hopping is up to
1600 times per second, speed faster and shorter packets,
so that Bluetooth is more stable than other systems.

Android platform supports Bluetooth network
protocol stack, which allows a Bluetooth device with
other Bluetooth devices for wireless data exchange.
Application provides access to Bluetooth functionality
through Android Bluetooth API. These API will
connect applications to other Bluetooth devices with
point to point and multi-point wireless feature [8].
Android platform includes Bluetooth support network
protocol stack, which allows a Bluetooth device with
other Bluetooth devices for wireless data exchange.
Application provides access to Bluetooth functionality
through Android Bluetooth API. These API
applications will connect to other wireless Bluetooth
devices wireless with point to point and multi-point
wireless feature [8].

When using the Bluetooth API, Android applications
can perform the following functions:

(D scanning other Bluetooth devices;

@ inquiry local paired Bluetooth adapter ;

@ establishing RFCOMM channel;

@ to connect to other devices via service discovery;
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® transfer ring data between devices;
® to manage multiple Bluetooth connections [10].

Bluetooth communication data transfer process is

shown in Figure 5.

Turn on

Bluetooth turned
HeleoT e Bluetooth

Start to
search

v

List the discovered
devices

Pair
Bluetooth

Bluetooth paired
uccessfully?

Connect
Blutthhth

successful?

Receive data

Fig.5 Bluetooth data transmission process

B.  Android app design

Android system from bottom to top consists of five
parts: Linux kernel, Android Runtime, libraries,
application frameworks, applications [9]. Android app
is mainly used to process lower computer data
transmission, and ultraviolet plotted versus time line
chart. Design process is shown in Figure 6 [10].

Line graph
Bluetooth data _
Get . Call with time as the
Start the ) stored in SD card || ) .
L) time [ ) txt [ horizontal axs,
application in txt format —
node . . file UV intensity
with named time C
az vertical axis

Fig.6 Design Flow
Draw a line chart of realization: SurfaceView is
derived class of View, this view embedded Surface a
dedicated drawing. It can control the surface’s format
and size. SurfaceView Control Surface rendering this
position [11]. Implementation involves the following

steps:

(D Inheritance
SurfaceHolder.Callback interfaces;

2 SurfaceView.getHolder () gets SurfaceHolder
objects;

® SurfaceHolder.addCallback (callback) adds a
callback function;

SurfaceView and implement

@ surfaceHolder.lockCanvas () obtains Canvas
object and lock the canvas;

B Canvas painting;

® SurfaceHolder.unlockCanvasAndPost (Canvas
canvas) ends the lockout drawing, and submits changes
to the graphic display.

Android phone app interface is shown in Figure 7.

10:18 @ 0.00K/s © = .l #3) 4 «=» 100%

Eiw=3 %y
Eyib &7
HireE

R BYE

A B WG IE Ay

Fig.7 Android app interface

IV. CONCLUSION

Figure 8 is actual measurement UV data FIG in case
of UV lamp simulation the sun's ultraviolet

We designed a UV monitor combination of Android
app. The monitor monitors UV intensity real-time field,
and upload the data to your Android phone. So it can a
timely reminds of People outdoor activities take certain
protective measures, and help to reduce excessive
ultraviolet radiation on human health hazards. The
design compared to most current UV monitor, it has
some advantages .such as :low cost, more portable,
more humane, easy to implement. It provides a new
design ideas for the development of UV detector.
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The rapid analysis and technical research of DECG

Yu Zining; Chao Yunfeng; Zhou Haijian

(jilin university instrument science and engineering institute,changchun, 130021 )

Abstract--It is particularly necessary for heart disease patients to have the real-time dynamic monitoring system, it can be

achieved on a patient for a long time to monitor and record the patient's ECG data[1]. Traditional ECG data is large, the staff

need to observe the problem waveform by eyes,which takes a long time and is easy to lose information as well[2]. For these

shortcomings of traditional diagnostic methods, we use the computer software named MATLAB, by the use of one-dimensional

continuous wavelet transform algorithm to detect QRS complex on ECG[3][4], after repeated testing, we designed a reasonable

threshold, we can quickly find the location of R-wave and calculate the heart rate . This will not only shorten the time of

ECG interpretation, but also simplify the workload of medical staff, besides lay the foundation for the next step.

Key words--ECG data MATLAB wavelet transform locate R-wave

0.INTRODUCTION

IN modern medical diagnosis, when it comes to heart
disease, electrocardiogram is the most intuitive, the
most widely used cardiac clinical examination
Although

technology has matured, but in the state of motion

techniques. today's ECG monitoring
ECG monitoring process, there is always kind of
problem, so to some extent distorted ECG, so the
unreliable results bring thediagnosis trouble to doctors.
At present there are two main methods to detect heart
disease, the first patient intentions electric meter
real-time detection in the case of lying, but the process
is very short, it is prone to miss arrhythmia
characteristic signal, which often occur hospital
patients diagnosed as healthy but they feel obviously
conscious reaction; the second is what we call the
‘Holter’, leads patients through their daily behavior
does not affect the situation, monitoring ECG 24 hours,
the time to go to the hospital to collect the
Electrocardiograph for playback through our extensive
visits to the hospital[5], the doctor found that most still
see with your eyes, which makes the doctor a lot of
work, there will be a high turnover rate. The hospital
now has this one instrument, but it is huge and
expensive. There is an urgent need to the use of
computer and digital processing. Based on this
background, we would like to use computersoftware
for data processingECG signal,which can quickly and
accurately calculate important ECG characteristic

parameter associated with heart disease in order to

achieve the functional analysis and secondary

diagnosis.

1.ECG SIGNAL DE-NOISING THEORY AND METHODS

1.1 ECG signal theory and noise analysis

During learning the ECG polarization and

(ecg)
knowledge related to biological parameters. We put

electrocardiogram ,we  understandsome
forward to a judge of ecg characteristic points location,
by finding the feature points on the heart whether there
is abnormal for analysis. In the data processing part we
mainly detect R wave, as R wave amplitude value is
the largest,its frequencythe highestin figure 1 .

U(mv) R
S-T segment
P |PR T
P T
1]
0 e
PR Q
S
Q-T interphase
0 200 400 600

Fig.1. A typical ECG waveform
1.2 The original ECG signal filtering
ECG is a physiological signal, the spectrum in the
range of 0.03 ~ 110Hz, and most of the ECG
concentrated in 14 ~ 75Hz, the proportion of more than
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100 Hz signal in total accounted for a small part, signal
amplitude of 5uV (fetus)-5mV (adults). The original
ECG EMG
interference, baseline drift, electrode contact noise and

include  frequency interference,
motion artifacts, etc., through a lot of analysis of
existing data, including baseline drift 2Hz below the
main source of interference.

Baseline drift is changed by the body movement
caused by breathing or the electrodes, the amplitude
and frequency of the time, frequency 2Hz or less, it
belongs to the low-frequency noise. Because of the
overlap with the frequency of ECG ST segment,
baseline drift is more difficult to filter out. ECG
baseline drift by signal interference characteristics as
shown in fig 2.

ECG baseline drift of the interference has the
following characteristics:

(1) Lower frequency, typically between 0.05-1.5Hz,
belongs to the low-frequency interference, usually
presents slowly changing curve.

(2) Baseline drift
baseline drift have overlapped, so the baseline will

frequency and ECG ST-segment

seriously affect the detection of the ST segment.

Based on the baseline drift noise is low frequency
noise, we use FIR high pass filter. After filtering,
baseline drift significantly removed, as shown in fig 2.
Its advantage is faster, algorithm is simple,saving time

for subsequent positioning R wave .

- original signal
w-
‘x\
»
' E » » u = = ] " % "
o~ ) ) ) after filtering
o
-
ol
2
%
! X 3 o i N1 0 b ] =8 AL L)

Fig.2. Original ECG and filtered ECG

2. WAVELET TRANSFORM ANALYSIS

2.1 Wavelet one-dimensional

continuous wavelet transform principle

transform  and
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Wavelet analysis is a window size (window area)
fixed but its shapecan change , which isa kind of
time-frequency localization analysis that the time
window and frequency window can change. For
example, in the low-frequency part having a higher
frequency resolution and lower temporal resolution,
with a high time resolution and frequency resolution in
the lower frequency portion, it is called mathematical
microscope. Because of this characteristic, there is a
signal of the wavelet transform adaptive.

Let w(¢) € L*(R) denote the number of square

integrable real space, namely energy limited signal
space, its Fourier transformy(®). When y(w) satisfied
permit conditions[6]:

_ @)

" R|(DLU- dm < ©

We callediy (¢) as a basic wavelet or mother wavelet.

The generating function y(¢) after scaling and

translation, you can get a wavelet sequence.
For the case of continuous wavelet sequence

Vo= (7
" \/m a abeR;a#0

Wherein, a is the factor for the stretch; b is the
translation factor[7].

For any of the functions f(¢)eL*(R) of

continuous wavelet transform

@)= () el [ 1w

Its inverse transformation is

a

1 1 t-b
1) = o Jo W (asbw ( )dadb

Base on the wavelet transform, wavelety/, ,(7)

generated because the basis wavelet w(t) in the

wavelet transform for signal analysis plays a role in the
observation window, therefore w(t) should also

satisfy the constraints of the general function

[ () e <0
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It is a continuous function. This means that in order to

meet the perfect reconstruction condition (the

condition), the origin must be equal to 0, that is

$(0) = [ (D)di =0

In order to achieve the reconstructed signal values
are stable, except perfect reconstruction condition, but
also requires the Fourier transform of the wavelet
w (¢)satisfy the following stability condition:

A3 (2 w)['<B

Wherein, 0 <AB <.

Continuous wavelet transform the one-dimensional
signal to a two-dimensional space, so there is
redundancy information expressed in continuous
wavelet transform. Wavelet transform in different (a, b)
increased correlation between wavelet transform to
analyze and interpret the results difficult, therefore,
redundancy wavelet transform should be reduced as far
as possible, it is a major problem in wavelet
analysis[8]. In MATLAB, the functioncwt can be used
to realize the continuous signalwavelet transform.

2.2 R-wave detection algorithm analysis

2.2.1 Sofiware flow of  positioning R-wave

read ECG data

J

wavelet
transform

J

threshold value
is 60% of
its relative
amplitude

L

locate R—wave

L

eliminate the
mistake

J

calibration on
original signal

end

Fig.3. Positioning R-wave flowchart
2.2.2 Algorithm steps
(1) For a given ECG for continuous wavelet

transform, select mexh wavelet as wavelet base.

(2)ECG cardiac cycle segmented[9], segmentation
algorithm is the first step to measure a time-scale chart
according to a direction to accumulate, resulting in
integral value in the direction of the scale wavelet
change over time curve, for mexh wavelet concerned,
there will be a crest before the R-wave, then a trough
after R-wave. Re-election were 60% of its maximum
value as a sign of positive and negative threshold, the
integral value over time curve thresholding process,
and to make a point greater than the positive threshold
is + 1, smaller than the negative threshold point -1,
between the two points is equal to 0, so that before
each R wave position there is a + 1, then there is a -1,
the area between the two is zero. The midpoint of a
some -1 and the first position of +1 subsequent of
this piece of data is set at the dividing point of the
cardiac cycle, in order to achieve the sub-signals, each
section comprises one cardiac cycle, and wherein R
wave is in the middle of this paragraph.

(3) For the
segment signals, respectively, to identify positive and

time-scale chart for each cardiac cycle

negative maxima maxima at every scale, which is
connected into the line to give positive and negative
modulus maxima value line, the slope of each of the
positive and negative modulus maxima lines obtained
Lee index corresponding to the point and then exclude
the value of modulus maxima lines which less than 0
and more than 1.

(4) Since the modulus maxima line of continuous
wavelet transform signal may interrupt, so we need to
fit a straight linefor each of the positive and negative
modulus maxima line , in order to determine their
position whentheir respective time scale a= 0. If the
positive and negative modulus maxima when a =
Odoes not converge to the same point, then take the
average of the two initial positions as R-waves.

Inthe
corresponding to the R-wave cost 10ms.It can detect of

preliminary  determination, location

extreme points of the original signal, and ultimately
determine the R-wave position.

3.DESIGN AND DEVELOPMENT OF 3 ECG HMI USER

INTERFACE
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Using MATLAB graphical user interface to display
the ECG

Interface(abbreviated GUI) is a kind of user interface

signal processing. Graphical User
displayusing computer graphical operations[10].

There are 8-lead ECG data read control, single-lead
zoom control, forward and backward controls and
other control data and the corresponding dialog box is
displayed in MATLAB program in accordance with
the function respectively. Namely, we do the interface
initialization by OpeningFcn function, and add the
appropriate function control in fig, then we write the
callback function to the
corresponding functions. When you create a graphic
MATLAB is assigned a unique

value for the object, called the graphical object handle.

appropriate achieve

object in each fig ,

The handle is a unique identifier for the graphic object.
When making button design, input and output
functions to make the button now, we should call some
function file by its handle value, the method is to
provide a unique 'Tag' property string through to the
desired graphic object; and when the handle is
unknown, It provides a unique 'Tag' property string

through to the desired graphic objects, using findobj

function to find the handle with the desired
identification label.
The interface design controls and features of the

ECG data analysis is in the following table.

Tab.1. interface design menu table

Contral name function
Open a file Open the patient’s ECG data
start Read the patient’s ECG 8-leads data

Save the picture Save the ECG signal instantly

One lead Choose one laed signal and magnify it

Single page move 8-lead ECG figure read 2000 points

forward or back up forward or back up togrther

Slowly move forward 8-lead ECG figure read 20 points

or back up forward or back up togrther

slider 8-lead ECG figure move togrther

Locate R-wave Show the R-wave with red points

Heart rate Show the patient’s heart rate

end Close the window
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Interface displays is shown in the fig 4:
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Fig.4. interface display

4. ANALYSIS

The original ECGsaved as .sd file format. Open this
file in MATLAB with fopen function, and read it
with imread draw.

After high-pass filtering, the wavelet transform can
detect R-wave, a logo with a red dot, the test results is
shown in Fig 5.
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Fig.5.Positioning R wave renderings
This algorithm uses wavelet transform to detect
R-wave of ECG, through plotting the collection of data,
validated this algorithm can achieve the location of
R-wave rapidly and accurately, in addition to
calculate the heart rate.The algorithm written for a
variety of abnormal ECG can detect 100,000 pointsin

20 seconds.

5. RESULT

e




Huang En-hao etc.: Improvement of electronic measuring instrument platform based on Virtual Instrument Technology

Rapid detection of R-wave plays an important role
in the medical equipment industry. This paper
describes the theory and QRS wave of ECG detection
significance, focusing on the principle of the algorithm
using wavelet transform method for detecting R waves,
and in the design of the foundation of the ECG on the
man-machine interface, completing with MATLAB
filter out heart baseline electrical signal drift and fast
positioning R wave. Compared with traditional
techniques, the algorithm designed saving time,
improving efficiency,will be a deep foundation. for the

further analysis.
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Improvement of electronic measuring instrument
platform based on Virtual Instrument Technology

HUANG En-hao; LI Yan; ZHOU Ri-zhang
( College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026, China)

Abstract--In this paper ,a virtual platform was built which possesses the function of electronic measurement system in

software and hardware,according to the

basic principle of the traditional instrument

within the field of electronic

measurement technology in time-frequency domain. LabVIEW software program was used to control and simulate traditional

electronic measuring technology. The platform optimals the performance of electronic integrated measurement system,which

increases the functions of existing electronic measurement platform.

Keywords--Virtual Measurement

I. INTRODUCTION

SINCE the 90s of the 20th century, with the constant
progress and development of the economy, the rapid
development of computer sciencehumanity has
entered the Internet era, which resulted in the virtual
instrument as the symbol of intelligent and template
measuring instruments and the control system has been
developed rapidly, more and more people will focus on
data acquisition system and electronic measuring
instruments, thus creating the virtual instrument system,
LabVIEW is a powerful graphical programming
language, is one of the most popular virtual instrument
software.The virtual electronic measuring platform is
used LabVIEW to the measurement parameters design,
can make the signal generator to achieve more perfect
FM / AM signal function, but also can achieve
universal meter measuring current, power, DB and a
number of functions, virtual instrument can also auto
power spectrum density, phase spectrum, spectral
purity, degree of distortion, distortion stability and
frequency ratio, the interval of time, phase, phase

difference parameters.

II. ABouT LABVIEW PROGRAM

A. About LabVIEW

The LabVIEW is by the NT company developed a
software, it is a graphical programming language
development environment, design and application of
research and development of virtual instrument, it is
the use of established and link icon constitute virtual
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LabVIEW  Electronic Measurement Platform

instrument program, omit writing steps of dense source
code. It can also communicate with a variety of testing
instruments.

B. The advantages of LabVIEW in time domain
electronic measurement

LabVIEW has four advantages in the time frequency
domain  electronic  measurement: data  flow
programming, modular method, graphical language,
user defined[1].

Data flow programming is a big advantage of
LabVIEW program, and traditional programming
language is different, the traditional programming
language implementation depends on the text sequence
LabVIEW program is the

segmentation procedures for all program node and all

of program code,
the nodes of the program is completely correct can run
the program. In this way, the program is compiled and
convenient testing, software development efficiency is
greatly improved. Modular approach is the most
significant feature of LabVIEW program, program
design, according to the different division of the
system are mutually independent and have contact
plate, such as the virtual measurement in the virtual
spectrum analyzer by the division of the sub modules,
thus the program were plate, more conducive to the use,
at the same time, if the a plate can be a problem for its
maintenance than traditional instrument maintenance
saves time and effort. Graphical programming
language LabVIEW program control very common
numeric button and switch device and used to display
graphics, icons, etc., make such language
programming interface intuitive, programming is more

conducive to memory. To achieve the preparation of.
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User custom, under the support of the general module
and the software environment, the user can according
to design their own measurement scheme, more
humane, avoid to data, the measurement is more
and reduce the cost of

convenient, efficiency,

unnecessary waste.Part of the program display:
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Fig.1 Partial subroutine diagram

Il .VIRTUAL INTEGRATION BASED ON LABVIEW

PROGRAMMING ENVIRONMENT

System design ideas

The experimental design of the virtual instrument, in
general can be divided into two parts, one is using the
LabVIEW data analysis software, a is used for
collecting the realization of data acquisition card, and
the overall structure is as follows:

Application
Measured Signal
Measured Data Developed
Network Acquisition with
Exciting Signal Card LabVIEW
Computer

Fig.2 Data acquisition process

First conducive includes two analog output function
data acquisition card is used to achieve functional
virtual testing platform, for generating an excitation
signal, two data acquisition card can be added to the
test excitation signal network, and then the two analog
input signals, collected to a computer, analyze and
process, will produce a corresponding amplitude and
phase frequency characteristic curves, the final output
to the computer can result in the Virtual Instrument
display on the computer screen. Optimization and
improvement objectives virtual instrument test
platform, there are four virtual instruments: Signal
generators, multimeters, spectrum analyzers, frequency

counters.

IV: VIRTUAL INSTRUMENT TESTING PLATFORM

SPECIFIC OPTIMIZATION SOFTWARE

Contents and results Gallery

The virtual test platform designed for the analysis is
the use of traditional electronic measuring instruments,
its basic function as a guide, in LabVIEW software
method, which creates a virtual test platform includes
traditional electronic measuring basic
added

measurement and analysis of accessibility, better help

not only

functions, also some more using the
users complete the test[2].

The virtual test platform designed for the experiment
is the use of fixed-point method dynamically loaded
way to achieve multi-panel design process, so-called
multi-instrument control panel is more virtual page, the
user needs to choose according to their own use virtual
instrument for testing.

The first virtual instrument is signal generator,
signal generator, also known as the signal source, it is
possible for the user to set various parameters, such as
waveform, frequency setting parameters set by the user

at the core of the signal generator generates, and then
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after a certain conditioning instrument to an external
output signal, which can be based on user needs to use.
Virtual Signal Generator is a computer hardware and [
/ O interface device composition, transmission and is
responsible  for software

signal  conditioning,

functionality includes generating (sine, square, triangle)

simulation signal, parameter setting, data acquisition
card drive. Compared with the conventional signal
generators, signal generator virtual sufficient to reduce
the traditional instrument signal generator high cost,
bulky, and other shortcomings are not s mart, more
convenient and easy to use on upgrades and
maintenance. Virtual Signal Generator specific display
as shown below[3]:

Lo Rl -
)® INSTRUMENTS
goviEw Ul

Fig.3 Virtual instrument signal generator interface
virtual
essential field of

The second instrument  multimeter,

Multimeters — are electronic
measurement instruments, primarily by measuring
current, voltage, resistance, and other various
corresponding electrical parameters. Virtual multimeter
is the use of computer hardware for data acquisition,
analysis, processing and display virtual instrument data
measuring function, The main principle is to be
realized using the conversion circuit converts the
signal to a DC voltage signal, Re-use converter digital
signal in the form of the show, and finally through the
electronic counter of calculation results directly show
in display [4]. This

measurement platform designed with the following

virtual virtual multimeter

seven functions : Basic measurement function, range
selection function, math functions, digit display |,
readings deliberately amplification and offset function,
auto-zero function, filtering function. Specific virtual
multimeter display as shown below:
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The third virtual instrument is spectrum analyzer,
Spectrum analyzer's front panel is composed of
spectral analysis, spectral analysis of amplitude and
phase and power spectrum page of the composition,
Users can ¢ ustomize various parameters to achieve the
defined signal generates various wave signal, such as
frequency and phase parameters set, users can control
various parameters by adjusting the input value of the
specific parameter, in addition. Users do not havee to
write too cumbersome code and configuration files.
Waveform generated is very convenient and easy to
operate, greatly reducing the difficulty of using the
spectrum analyzer[5]. Virtual spectrum analyzer rear
panel of the waveform generated by the module, the
control range of the X-axis sub-module, waveform
analysis sub-module, filter / frequency / phase
frequency characteristics of the sub-module , data
storage sub-module five sub-modules. Specific virtual
spectrum analyzer display as shown below:

EITE [T

.
Fig.5 Spectrum sensing data interface

The fourth virtual instrument is frequency counter,
the frequency counter is a signal frequency measuring
instruments specially. Virtual frequency counter is
mainly composed of six parts Limiter circuit,
switching circuit, a frequency dividing circuit, shaping
circuit. Pc machine with 51 single-chip system. The
working principle of the virtual frequency counter:
Standard square wave converter use the measured
signal is converted to a square wave, square wave and
then adjustments are the main mode of limiting,

shaping, dividing, and finally the input signal into a
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single-chip set for corresponding to the received
amplitude wave, and sends it to the microcontroller,
the microcontroller will be measured, the measurement
instruction has issued the PC, microcontroller upon
receiving the standard square wave signal sent by the
PC, it will be measured, measuring the low-frequency
signal Zhou measured using a method to measure
frequency to meet the needs of PC, high-frequency
signal directly measured using the method of counting
measurements to complete. LabVIEW software for
PC-programming play a crucial role. Virtual frequency
counter with respect to the traditional conventional
frequency counter for lower cost, more practical.
Specific virtual frequency counter is shown below:
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Fig.6 Virtual frequency counter measurement data interface

V.ADVANTAGES AND SIGNIFICANCE OF VIRTUAL TEST

PLATFORM

The traditional electronic measuring instruments in
the field of electronic measurement plays an important
role, but with the development of society, slowly can
not meet market demand. Mainly due to the traditional
electronic measuring instruments flexibility is not high,
low precision, the old instruments can only achieve
electronic measuring one or both, virtual testing
platform based on traditional analyzers meet the
flexibility, higher accuracy, but also provides the user
with four electronic detection equipment to achieve the
feature set, many traditional electronic measuring
instruments can not provid these functions. Virtual test
platform is also more and more people pay attention to
the key of the virtual electronic measurement platform.

Another using LabVIEW virtual test platform as the
development of software, compared with the
traditional electronic measuring instrument need to

write tedious code, only need a simple software

programming can be achieved, much easier. Thus
caused the development cost and the difficulty of the
virtual test platform is greatly reduced, effectively
improve the efficiency of the virtual test platform
development, LabVIEW has friendly man - machine
interface, the collected data is more conducive to the
user, this is one of the traditional electroni ¢ measuring
instrument to reach the effect[6].

VI CONCLUSION

Introduced above, is based on the LabVIEW progr-
amming environment perfect the process of virtual test
platform, the virtual test platform to make full use of
the electronic computer data analysis ability, realize the
goal of the basic function of four kinds of electronic
equipment, effectively reduce the cost, provides the
analysis efficiency and flexible, abounded the function
of the integrated system, the innovation project have a
certain practical significance. Thanks to the help of the
teachers and students here.
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Fast charger designed for high-capacity
smart-phones batteries

Wang Wenbo; Zhu Yongxing; Cai Kailong
( College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026, China)

Abstract--In this paper, a set of buck circuit is developed, use MCU as the core of smart-phones lithium batteries charger.

The sampling circuit , MOSFET driver circuit and Phone battery charging measurement and control circuit and display

circuit are designed. The mathematical model and the transfer function of buck are studied. Through the BUCK circuit for

lithium battery charging, sampling and monitoring the charging current in real time and after using the PI algorithm,

adjusting the MOSFET turn-on and off in order to control the charging current in stable range, and intelligent modules will

prevent hazard factors such as over current, over voltage and over temperature. Simulation and experimental results verify the

validity of the control method.

Keywords--The smart fast charging

L INTRODUCTION

IN recent years, with the development of science and
technology, the function of the smart phone is
becoming more and more ,and people are also getting
more and more dependent on smart phones, but also
makes the power of smart phone is more and more big,
the power dissipation only grow but the charging time,
charging accidents also happen from time to time.
Therefore, how to realize the intelligent mobile phone
battery quick charging and intelligent charging[1] was
imminent, and it also has great practical significance.
And this smart quick charger design can not only
effectively reduce charging time but also improve the
quality of the charging, real-time monitoring of mobile
phone battery at the time of the current state of voltage
corresponding

and temperature, and make the

protective measures in a timely manner[2-3],
effectively guarantee the safety charging. Therefore,
this design effectively optimize the function of cell
phone battery charger and ensure the security of the
charging[4], make people have a better phone using

experience.
II. SYSTEM DESIGN AN OVERVIEW

System is divided into hardware design and software
design of two parts. The hardware is divided into
MSP430 minimum system module, power module,
buck circuit module, driver circuit module and

Lithium battery energy storage

MSP430F149 MCU PI controller

sampling module etc. All of them constitute a
step-down voltage stabilizing circuit; Software design
is mainly based on PI principle[5] as the core of
lithium battery program, realized the constant current
charging, over-current  protection,  overcharge
protection. Two parts of hardware and software closely
linked, mutual cooperation, common realize the rapid

charging basic functions.

BUCK Circuit —Pp
o <
g 5
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B i C t 3
Driver urren
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§ Circuit Sensing Q
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)
——p|  MCU Control

Fig1 Basic diagram

III. HARDWARE DESIGN

A.  Introduction of MSP430

MSP430 is a series of low power consumption
microprocessor which is launched by TI company. Its
remarkable feature is ultra-low power consumption
from which contains five low-power modes to choose.
It takes very short time to wake up, only 6us. At the
same time, MSP430 has strong processing capacity,
high integration and abundant embedded modules(12
bit A/D conversion, 16-bit timer, FLASH, etc.). The
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charger that we designed adopts MSP430F149 single
chip microcomputer as main controller. The SCM
changes to low power mode, effectively reduces the
power consumption of the system, and enhances itself
efficiency through the output voltage and current of the
battery charging status which are sampled by sampling
circuit in real-time .

B.  Power module

a. QAWOI power module
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Fig2 QAWOI1 power module
QAWOL1 is a DC/DC power supply module that is
produced by Jin Shengyang company. Its input is +12v
and output is +15v or -9 v. It will not only be used to
provide power for TLP250 but also have the function
of isolation.
b.  F1205xt-1wr2 power module
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Fig3 F1205xt-1wr2 power module

F1205xt-1wr2 is a single output isolation unsteady
power module which is produced by Jin Shengyang
company. It can change +12v to +5v(DC),and its
power is 1w, used to offer power for single chip
microcomputer in the charging circuit. It has lots of
features such as sustainable short circuit protection,
low ripple noise, high isolation voltage(+3000v) and
high efficiency(80 percents), etc.
C. BUCK circuit module

Using the BUCK circuit[6] shown in figure 4 as the
main charging circuit. Among them, the ST company
has produced a new fast recovery of the MOSFET
transistor STW55NM60ND and ai Seth's fast recovery
epitaxial diode DSEI30 - 06 as the switch and fast
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recovery diode. Respectively take 220 pF and 470uF
the inductance and capacitance of the LC filter part,
the formula of capacitance and inductance computation
is as follows:

C_Uo(l_Uo/Uin) L_Uo(l_Uo/Uin)
8Lf°AU, 211,
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Fig4 BUCK main circuit
D.  Driver circuit module

This module uses the optical coupling isolation chip

(TLP250) and its peripheral circuit. TLP250 is
produced by Japan's largest semiconductor maker
Toshiba corp with isolation voltage: 2500 VRMS,
one-way channel, output current: 1.5A, DC input, etc.
BUCK main circuit adopts the pulse width modulation
(PWM) method to control charging current, through
the drive circuit of PWM signal pulse width enlarge
the size of the increase/decrease to change the charging
electric current.

TLE2S

T
Fig 5 TLP250 driver circuit
E. Sampling module
This module uses the current sensor ACS712
module and its peripheral circuit to test the current in
the system. Converted into the current signal into
voltage signal, then send the signal to MSP430, realize
A/D conversion. Specific conversion formula is:

Vour = 23V + Iin(A) = 0.185 D

The voltage signal sampling is through the series on
each side of the voltage sampling resistance, and
according to the proportion sampling voltage sent to
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MCU through the following circuit.
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Fig 6 Sampling module circuit
IV. THE SOFTWARE DESIGN

A.  Basic principle

Constant current charging control performed by
digital PI regulator[7].

PI controller is a linear controller, it according to the
given value r(t) and the actual output value c(t) to
control deviation

e(t) =r(t)—c(t) 2)

Will be in proportion to the deviation (P) and integral
(D) by linear combination of control volume, to control
the controlled object, the control law for

u(t) = K, [e(t) + € jo e(t)dt]
T (3)

The u(t) as the output of the PI controller, e(?) as the

input of the PI controller. Kp is the proportional
coefficient .TI is the integral time constant.

Proportion link: instant is proportional to reflect the
deviation of the signal control system, once produced,
deviation controller immediately control effect, to
reduce the deviation.

Integral part: mainly used to eliminate static error,
and improve the system of no deviation.

Here using incremental PI control, feedback control

block diagram is as follows:

 Un)=K,-dn+1,(n-)|

& :l[;—l(n) |
Mol

Fig 7 Feedback control diagram
B.  The discretization of PI algorithm
As a result of the single chip microcomputer control

is a kind of sampling control, it can only be the amount
of control is calculated according to the deviation of
the sampling times, so must be conducted for the
discretization process, with a series of sampling time
point k represents a continuous time t, PI control
algorithm based on discrete expression is:

Au(k) = u(k) —u(k 1) = K [e(k) — e(k — )] + K e(k)

C. The actual application

This article uses the digital PI regulator, to adjust the
output voltage of buck circuit. PI controller in real time
to measure the current in the circuit. Specific way is:
sampling current of the main circuit, , and converted
into voltage enlarged to 430 single chip microcomputer,
and uses the AD program convert analog to digital data,
and carries on the judgment, if the current is too large,
will be PI regulator close; If it is in the normal range
will be compared with the current default values, to
adjust the PI algorithm, error to control the MOSFET
turn-on, and by the time, in turn, have the effect of
adjusting the BUCK circuit output current, output
reached 1.5 A constant current to the effect of lithium
batteries.

V. WORKING PROCESS AND THE RESULTS

Through the BUCK circuit for Ilithium battery
charging. In the process of lithium battery, charging
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current value by current sensor real-time sampling
monitoring, and the sampling data to the MSP430F149
MCU, using PI algorithm, and calculate the maintain
constant current needed for the PWM duty cycle,
always adjust the charging current value, make its
stability in 1.5 A, keep the lithium battery in the
constant current charging status. To prevent because of
voltage fluctuation and make the charging current is
too large, so the upper limit set in the charging process,
the over-current protection. During this time, the
voltage rise gradually, when 4.2 V, due to the effect of
voltage regulator tube, no longer increases, voltage at
4.2 V lithium battery entered into A state of constant
voltage charging, during this period, current gradually
reduce, when less than charging program set the lower
limit of 0.2 A, make the duty cycle of 0 BUCK circuit,
stop charging, prevent due to the charging current is
too low harm the lithium battery.
Table 1 The test result of the battery to be charged

Charging time Voltage (V) Current (A)
(min)
10 3.6 1.47
20 3.78 1.41
30 4.02 1.43
40 4.16 1.46
50 4.17 1.28
60 4.17 0.75
70 4.18 0.22

VI. CONCLUSION

Using MSP430F149 MCU as the main control unit
and in combination with other chips and -circuit
structure phone quick smart charger, using PWM
voltage output, flexible control, the characteristics of
the load ability, self-adjustment, can greatly improve
the charging efficiency and to protect the battery
during the charging process, meet the demand of

intelligent era, has certain practical significance.
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Intelligent lamp control system based on infrared
positioning

Duan Chongli; Tan Shixiong; Jie Haohan

(Jilin university instrument science and engineering institute, Changchun, 130021 )

Abstract—With the development of electronic technology, people have put forward higher and higher request to the car's

automation and intelligence. The project is to measure the distance of two cars traveling in opposite direction by infrared

distance measurement and to adjust the lighting brightness and the angle of the main light of the vehicle according to the

distance change. The hardware model of the intelligent control system based on infrared positioning is established.

Keyword--Infrared distance measurement

[ PREFACE

TRAFFIC safety is a core issue in the automotive
industry. It is obvious that, to get traffic information,
80% from the driver's visual capture, including traffic
information, signal lights, traffic conditions, etc.. And
night. The
improvement of the lighting system can not only

these are particularly important at
provide timely and accurate information for the driver,
at the same time, it can effectively reduce the driving
fatigue, reducing accident hidden danger. Nowadays,
the number of cars in our country is increasing year by
year, and the application of the self adjusting optical
system is more important. It is of great significance to
improve traffic safety and reduce economic losses. For
this reason, we hope to make the lights more
automated and intelligent, For this reason, we hope to
make the lights more automated and intelligent. When
there is a vehicle coming across the road, so that the
car lights to make intelligent regulation, such as
changing the brightness and angle of light, lighting
control area etc. In order to reduce the probability of
accident and improve the safety of traffic.

I[I PRINCIPLE

A.  Infrared distance measurement principle

This is the process of infrared distance measurement:

The infrared ray emitted by the distance measuring
instrument is reflected by the measured object and
received by the distance measuring instrument.
Distance measuring instrument and record the time of

infrared ray. The half of the product of the speed of

Intelligent control

Lighting change

light and the round-trip time, the distance between the
range finder and the object being measured[1]. If the
speed of light in the air in the spread of A, B between
the time required for a round-trip time is t, Then A, B
distance between the two points D can be expressed as
follows:D=ct/2.
B.  PWM control voltage principle

PWM (Width Modulation Pulse) control technology
is the width of the pulse modulation technology. By
modulating the width of a series of pulses, the desired
waveform (including the shape and amplitude) can be
obtained. Area equivalence principle is an important
basic theory of PWM technology. A typical PWM
control waveform SPWM: The width of the pulse is
changed by the sine law and the PWM wave is called
the SPWM wave.

I OVERALL STRUCTURE

When the car in the evening or at night when driving
(usually cases are used in light), in the event of a two
car trains, receiver detection to the signal distance,
feedback a signal to the control circuit, STM32 control
circuit through the PWM Buck modules enable small
lighting voltage gradually decreased from the 12V, at
the same time, STM32 control circuit servo control
resulting in small lighting angle by 90 degrees
decreased, simulation of such car is by the high beam
light switch into headlight. When after the car crossing,
the receiver does not receive the signal distance, will
also be the feedback signal to the control circuit,
control circuit of STM32 control steering gear and
small lighting voltage, so as to restore the high beam
lamp circuit. If applied to an automobile can be in the
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middle of the front of the car to install an infrared
transmitter, for transmitting a infrared signal to the
other side of the vehicle, and on both sides of the front

Infrared

Distance distance
signal measuring > STM32

module

of the installation of an infrared signal receiver, for
receiving the opposite vehicle infrared signal[2]. The
structure of the system is shown in Figure 1:

12V DC power
Decompression Small bulb
module

A

5V DC power /T

A 4

steering engine

Fig.1 System structure diagram

IV DESIGN

A. Design of power supply

Step-down links is ratio is about 15.7 transformer
to 220V AC sine wave voltage down to about 14V;
rectifier is  rectifier diodes IN4000 (or
IN4001~1N4007 can be) barricaded bridge rectifier
circuit to 14V about AC sine wave. The voltage is
converted to a one - way pulse voltage with a peak
value of about 18V.

Filter part is with a pressure of not less than 25V
electrolytic capacitor C1 to 18V about unidirectional
pulse voltage conversion with approximately 18V

Vin Vout

AC ripple DC voltage (here set aside the 7812
working voltage of 2V above, 10% of grid voltage
fluctuation volume 2V and moderate amplitude
ripple voltage 1V).

12V output voltage link with linear manostat 7812
to approximately 18V with AC ripple DC voltage
into 12V DC voltage of a very stable quality is very
good; use with the role of the output filter capacitor
C2 is 7812 may occur in the work of the self-excited
oscillation suppression, because the three terminal
linear regulator is extremely easy to produce self
oscillation, so C1 is usually not less. The pressure not
less than 16V. Output 5V end will be 7805 to 7812
can be. The power circuit is shown in figure 2:

LMT7803

L

VISV

DIN5408%4

GND

* L

=
——10004F —

GND

2

J Vin Vot

+ +
C3 4]

Jj_'

Fig.2 AC220V to DC12V and DC5V power circuit

B.  Program design

The system software uses the KEIL compiler
programming, chip select CortexM3 Series MCU
STM32C8T6. The control part of the program
consists of two parts: the control part and the
peripheral part as shown in figure 3:

The Y401 module adopts the serial working mode,
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will enable 1 STM32 serial baud rate by 9600.
According to the serial communication mode of the
ultrasonic module, the 0x55 can be sent to a set of 16
bit height data in the cycle. The received data is
converted to decimal, according to the size of the
fixed Make
corresponding data output to the corresponding

adjustable range and range.
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interval by using the if-elseif-else statement. When
the distance data is less than 10 (simulated reality of
Im) counter CCR1, CCR2 output value 400; when
data is greater than 10 less than 30 (simulated reality
1 M-10 m) output count 400-1000 adjustable; when
the distance data is greater than 30 (simulated reality

CCR1 PWM signal connected to the steering gear,
control lamp holder of rotation angle, CCR2 PWM
signal is enlarged by a triode after connecting motor
drive module, output 0-12 to voltage is used to
control the brightness of the incandescent lamp, so as
to realize the illumination angle and illumination

more than 10m) count output value of 1000. Will intensity.
Ultrasonic serial port Small bulb
s—— Controller T‘Jariable voltage
WM SSRSE PWMI :
steering engine |g—— \ dotor drive
SG90 module

Fig.3 Block diagram of control program

C. Boost circuit

Because the STM32 microcontroller port voltage
is 3.3V, and the power supply voltage is 5V, in order
to ensure that the MCU can drive power supply, it is
necessary to boost the ST32 microcontroller port, the
structure circuit diagram is shown in figure 4:

ATveE

R3 DG
DTk

5 i Gt -
R1

: W
IR <}l kQ

I

Fig.4 Boost circuit

V  TESTING DATA

A. Relationship between voltage and distance of
infrared device

Due to the sharp gp2y0a21 distance sensor, the
effective distance of 80cm, and between the 0-8cm is
nonlinear, so we between the 10-80cm orderly eight
consecutive points, the actual distance and the output
voltage is measured, the compression of the data and
the standard distance and the output voltage is

compared, the results such as table 1 shows:

Table 1 Relationship between voltage and distance of infrared distance sensor

Distance (cm) 10 20 30 40 50 60 70 80
Output voltage

227 1.32 0.91 0.75 0.63 0.51 0.45 0.40
theory (V)
Actual value of
output voltage 2.25 1.35 0.92 0.78 0.65 0.49 0.43 0.36

Q%)

B.  The relationship between the distance and the
rotation angle of the vehicle lamp
When the obstacle is stationary, the distance

between the two and the steering angle of the
steering gear is recorded when the trolley is close to

the obstacle, as shown in table 2:
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Table 2 Relationship between distance and angle of light

Distance (c¢cm) 10 18 26 34 42 50
Rotation angle
) 88.4 72.1 54.7 352 18.6 0.0

C. Relationship  between distance and light
intensity (output voltage)
When the obstacle is stationary, the distance

between the two distances and the light intensity
(output voltage) is recorded when the vehicle is close
to the obstacle:

Table 3 Relationship between distance and light intensity(voltage)

Distance (cm) 10 18

26

34 42 50

Voltage (V) 4.66 5.33

5.92

6.53 7.23 8.31

D. The overall relationship between the distance
and the light intensity and the rotation angle of the

Steering gear

100

90 \
80

70

60 \
50

——\oltage

—fli—Rotation angle

40 \\\

30 \

20

10

0 T T T

0] 10 20 30

40

50 60

Fig.5 The relationship between distance and light intensity and electric motor

VI SUMMARY

Based on the infrared positioning of intelligent
lighting control system, reduce the driver's actions in
a certain extent, prevent manual switching far and
near light when the attention of dispersion, reduce
the anthropogenic causes other some nocturnal car
safety problems. At the same time the system uses
intelligent operation, can quickly make the action at
the meeting of vehicles, to prevent the delay of
manual operation. The design of the system is still in
the primary stage, and many specific problems need
to be further studied.
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Portable PM2.5 detect transmission device

Liang Xiong-feng; Huang Shi-de; Zhang Qiang; Li Zhe

(jilin university instrument science and engineering institute,changchun, 130021 )

Abstract--In recent years, with the improvement of people's living quality, increase in the number of cars and other

transportation is more, the effects of automobile exhaust pollution of urban environment is more and more obvious. Our

country more and more urban air quality value extraordinary, so environmental problems got the attention of people.We

aimed at the problem to develop a portable PM2.5 detect transmission device, used in the monitoring of PM2.5.The
instrument with low power consumption MCU STC12C5A60S2 as the core, with GP2Y1010AUOF as sensors, and
combining the TC35i GSM module and GPS ATK - NEO - 6 m - V23 module, after transformation hardware level, software

filtering, data post-processing to realize real-time monitoring with PM2.5 position coordinates information display, and

through the function of the SMS remote testing information extraction of PM2.5. By analyzing test data, the device has air

PM2.5 levels can be within the permitted error detection.

Key words--PM2.5 detection; GPS module; GSM SMS transceiver

0 FOREWORD

PM2.5 refers to the atmosphere diameter less than or
equal to 2.5 micron particles, also known as can go
directly to the alveoli. Although PM2.5 is only a few
earth's

composition, but it has important effect on visibility

components  content  of atmospheric
and air quality etc. PM2.5 particle size is small, rich in
a lot of poisonous and harmful substances and in the
atmosphere for a long time, transmission distance, and
to human health and the impact of atmospheric
environment quality.A quarter since 2013, our country
land the fog haze [1], the affected population of about
600 million people.PM, although not poisonous gas,
PM due to the small diameter, carry a lot of poisonous
and harmful substances, PM2.5 impact on health, in
essence is PM2.5 surface adsorption of the health
effects of wvarious chemicals, such as adsorption
carcinogens have carcinogenic effect, adsorption two
mouth bad English have reproductive harm, if the
adsorption of heavy metals is the harm of heavy metals,
the key is to see what did PM2.5 adsorption [2]. PM
the small diameter, the greater the damage to human
body, PM2.5 can drift to the distant place, thus
influence scope is bigger. PM2.5, moreover, the harm
to human body health to a larger, because the smaller
the diameter, the deeper into the part of the respiratory
tract. 10 microns in diameter of the particles are
deposited in the upper respiratory tract, under 2

microns can go deep into the bronchi and alveoli. Fine
particulate matter into the human body to the alveoli, a
direct impact on pulmonary ventilation function, make
the body to a state of hypoxia. And this kind of fine
particulate matter once in alveoli, adsorption is hard to
fall in the alveoli, the adsorption is not reversible. [3]
Compared with the pure "fog", "haze" is the result of
the contaminated air, so haze days than fog a greater
harm to human body health. In north China in recent
years, influenced by global climate anomalies, lead to
more severe drought, city a large number of
greenhouse gases at the same time, a haze weather is
on the rise in the day of [4].Research indicates that the
ash haze weather caused by fine particulate matter on
human health hazards even more than the sandstorm
[5].So a kind of small volume, low price, easy to [6]
with and which has the function of system positioning
and messaging, portable PM2.5 detector was born
along with the time development application [7].The
instrument by STC12C5A60S2 single-chip
microcomputer control GP2Y1010AUOF sensor [8],
and cooperate with the TC351 GSM module and GPS
ATK - NEO - 6 m - V23 module, after transformation
level [9],

detection functions [10].

filtering, data post-processing PM2.5

1 PM2.5 MONITORING SYSTEM DESIGN

1.1 WORKING PRINCIPLE OF THE SENSOR AND

DATA PROCESSING
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GP2Y1010AUOF air quality is an optical sensor,
designed to induction dust particles in the air, its
internal diagonal sits infrared leds and phototransistor,
that it would be able to detect reflected light dust in the
air, even very small particles such as tobacco smoke
can be detected, usually used in air purification
systems.

As shown in figure 1, the lower sensor has a heating
device, can be heated, so that dust particles will be
heating up. One end of the sensor is a light-emitting
diodes that generated a certain intensity and frequency
of light. At the other end has a receiving diode, light
emitting diode light can cause reflection and refraction
on the dust particles, so that will be receiving diode.

The sensor has a very low current consumption
(maximum 20 ma, typical values 11 ma), can use up to
7 VDC. The sensor output voltage for simulation, its
value is proportional to the dust concentration. Can
smile measuring more than 0.8 micron particles,
perception of tobacco produce die and pollen, house
dust, etc. Small volume, light weight, easy to install.

The module is based on single chip microcomputer
STC12C5A60S2.  Through control, USES is
GP2Y1010AUOF dust sensor, the sensor principle is
through the change of output voltage to determine the
size of the dust concentration, such as detection of
cigarette formula is: variable range of output voltage
(V) = output voltage range VoH (V) - clean when the
output voltage VoC (V), the voltage conversion into
detection range of dust concentration (mg/m3) =
variable range of output voltage (V)/detection
sensitivity: K (V / 0.1 mg/m3), the decision value =
checkout concentration (mg/m3) / 10 * K (V/(0.1
mg/m3) + clean when the output voltage (V).

i 1 V-LED
Dust through hale C A\N\v O (2 2 LED-GND
e K 3 LED
i oa P
(90 G 4) S-GND

/% AT

Dust or Smoka particl # Amp\iﬁer Circuit ') 5 6 VCC

PD
Rs %
[For ssnsi\wuyi TE_O 4
adjustment)
case
7 7

Fig.1 Working principle of the sensor diagram
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1.2 CLEAN THE RENEWAL OF THE OUTPUT
VOLTAGE

Clean when the output voltage is dust, smoke
detection of presence of decision level of benchmark,
accurate say is also the improvement of detection
precision. Clean when the output voltage is based on
light emitting diode output is low, in the inside of the
box dust adhesion, such as ambient temperature to
change.

Light output is low, clean when the output voltage
drops, device in the inside of the box dust adhesion can
make clean output voltage has a tendency to rise.
Basically, with the passage of time, if the output
voltage does not change. Will not be regarded as no
detected objects, to update the standard as a clean
output voltage.

Generally, light-emitting diodes (leds) under the
condition of long-term electricity, the output is reduced.
Light-emitting diode output to reduce dust sensor,
dust-free output voltage and detection sensitivity
decreases. So, need to clean the output voltage and
sensitivity correction. Clean output voltage in the
E2PROM chips was introduced by memories, at some
point, the standard than in the case of fixed and
memory will be updated when low standard, according
to the clean degree of low output voltage of the
corrected detection voltage

GP2Y1010AUOF / Re15002
; ‘13: Wy W 1Vee
LS il Z/7 Ca2200F T
1=y, _
3 i - -

Fig.2 Input condition for LED input terminal

2 THE GPS MODULE INFORMATION ACQUISITION

SYSTEM DESIGN

2.1 WORKING PRINCIPLE OF THE GPS MODULE
Positioning system using ATK - NEO - 6 m - V23
module, ALIENTEK production is a high performance
GPS module, core module adopts UBLOX company
NEO - 6 m module, has 50 channels, tracking
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sensitivity up to 161 DBM, measuring the output
frequency of up to 5 hz. ATK - NEO - 6 m - V23 small
size, good performance. 20.5 dB module with ceramic
antenna and MAXIM company high gain LNA chips,
star search ability. Modules can be various parameters
via a serial port Settings, and can block is saved in the
EEPROM, easy to use. Module with IPX interface, can
connect all kinds of active antenna, adaptable. Module
is compatible with 3.3 V / 5 V level, convenient to
connect all kinds of single chip microcomputer system.
Backup module built-in rechargeable batteries, can
keep the ephemeris data when power supply drop, to
be able to meet the needs of real-time positioning.
Chip adopts serial communication method, can obtain
the coordinates of longitude and latitude, altitude and
other information transmitted to the main control chip,
after on the man-machine interface display.

By GPS module,
coordinates, and to the main control chip, record the

access to measuring the
coordinate azimuth. , also added a GSM module in the
system and wait for PM2.5 numerical data through the
GSM network in the form of text messages sent to the
mobile terminal.
2.2 NMEA-0183 INTRODUCTION OF AGREEMENT
NMEAO0831 is the U.S. national Marine electronics
association's standard format for sea with electronic
equipment. At present has become a GPS navigation
device unified RTCM standard protocol.

NMEA - 0831 protocol USES the ASCII to send GPS
positioning information, we call it frame. The frame
format forms such as: $aaccc, DDD, DDD,... , DDD *
hh (CR) (LF)

1,"$" : frame start bit command

2, aaccc: address domain, the former two as the
identifier (aa), after three for statement name (CCC)

3, DDD,... DDD: data

4, "*" : check and prefix (also may make statements
marks the end of the data)

5, hh: checksum

6, (CR) (LF) : end of the frame, a carriage return and
a newline character

NMEA - 0183 commonly used commands such as
table 1:

Tablel.Common commands of NMEA-0183

The serial The instructions The
number comm-and biggest
frame
length
1 $GPGGA GPS positioning 72
information
2 $GPGSA The current satellite 65
information
3 $GPGSV Visible satellite 210
information
4 $GPRMC Recommended 70
location information
5 $GPVTG Information on the 34
ground,
6 $GPGLL Geodetic coordinate /
information
7 $GPZDA The current time /
information

Here, we use the 4 $GPRMC position information
(recommended)

$GPRMC statement of the basic format is as
follows:

SGPRMC, (1), (2), (3), (4), (5), (6), (7), (8), (9), (10),
(11), (12) * hh (CR) (LF)

We use location information

(1) UTC, HHMMSS (minutes)

(2) the positioning state, effective positioning, A=V
= null and void

(3) the latitude DDMM. MMMMM (c)

(4) the latitude (northern hemisphere) or S (southern)
hemisphere N

(5) precision DDDMM. MMMMM (c)

(6) precision hemisphere (east longitude) or E W
(n)2.3 module connected to the microcontroller

Module is connected to the MCU minimum you just
need to four lines: VCC, GND, TXD, RXD. The VCC
&gnd for module power supply, TXD and RXD
module respectively connect to MCU RXD and TXD,
used for the transmission of information. And the
module can be compatible with 5 V and 3.3V

microcontroller system.
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RAD 44— TXD MCU

| GND
VeC ) PN | vt sySTEM
WL

ATK-NEO-6M

Fig.3 Connection schematic of GPS module and MCU

3 GPRS REMOTE INFORMATION TRANSCEIVER SYSTEM

DESIGN

3.1 GSM SHORT INFORMATION TECHNOLOGY PRINCIPLE

TC35 is Siemeils company launched a new -
generation GSM  wireless communication module.
With RS232 communication interface, can be easily
communicates with PC machine, single chip
microcomputer. Can fast, safe and reliable system to
realize the data and voice transmission, Short Message
Service (Short Message Service) and by fax. TC35
module of the working voltage of 3.3-5.5 V, working at
900 MHZ and 1800 MHZ two frequencies, where the
spectrum respectively 2 w power consumption (900 m)
and 1 w (1800 m).

Interface module has the AT command set, supports
text and PDU mode of short message, a third group of
2 kinds of fax, and 2.4 k, 4.8 k, 9.6 k of transparent
mode. In addition, the module also has the function of
the phone book, call, roaming detection function,
common work patterns have power-saving mode,
IDLE, TALK, etc. Through unique 40 pin ZIF
connectors, power supply connection, instructions,
data, voice signal, and the two-way transmission of
control signal. Through ZIF connectors and 50
antenna connector, connecting the SIM card holder and
the antenna.

TC35 module is

baseband processor, the GSM radio frequency module,

mainly composed of GSM

power supply module (ASIC), flash memory, ZIF
connectors, antenna interface of six parts. As the core
of TC35, baseband processor in the main processing
for all analog and digital function. Under the premise
of without additional hardware circuit, can support FR,
HR and EFR voice channel coding C35 even machine
approach:Any a TC35 module used for the first time, it
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must be to test whether the work is normal, because of
its own RS232 interface, so we can use the PC serial
debugging software debugging.

1, start the serial debugging software

There were many serial debugging software, you
can use any software, can also use the "super terminal”
WINDOWS. Set the baud rate 19.2 k, this is the
default baud rate of TC35, even the machine can
continuously from 2400 to 57.6 k for the first time test,
until TC35 have response.

2, send the "AT" "

AT the enter

3, change the baud rate "AT + IPS = XXXX"

TC35 the default baud rate is 19.2 k, and the actual
use, can change to 9600 or 38.4 k, as follows:

The AT + IPR = 9600, press enter

4, SMS mode Settings

There are two kinds of TEXT mode (GSM module.
1 kind is: TEXT mode; the second is: PDU mode. PDU
mode can use unicode send English and Chinese. But
the synthesis of PDU code is more complex, and can
only send English TEXT patterns, but without coding.
Actual use can use TEXT mode.

Set as follows:

The AT + CMFG =1 enter

5, SMS mode

A SMS is formulated by Etsi standard (GSM and
GSM 03.38 03.40). When using 7 - bits encode it can
send up to 160 characters; 8-bit encoding (up to 140
characters). Often cannot directly through phone
display; Is often used as a data message, such as: smart
pictures and ringtones and OTA WAP Settings in the
messaging. 16 - bit information (up to 70 characters) is
used to display the Unicode text information (UCS2),
can be shown most of the mobile phone. A 16 - starting
with class 0 bit of text information on some mobile
phone as a Flash SMS display (SMS and flashing
warning SMS).

There are two ways to send and receive SMS
messages: use text mode or use PDU (protocol
description unit) model. Text mode (maybe some
mobile phone does not support) is actually a form of a
PDU encoding. The display SMS information, may use
different character sets and different ways of encoding.

6, text reading method

The AT + CMGR = X return

If there is a short message, TC35 response:
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The AT + CMGR =1

+ CMGR: REC "UNREAD", "13307496548", and
"04/08/17,22:24:32 + 02

testOK

OK

Short information analysis:

"Test OK" is the message content.

Short information storage capacity associated with
Ic card, the serial number from 1 - N.

REC UNREAD ": represent short messages are read.

REC READ: "has been READ.

13307496548 ": receive cell phone number.

04/08/17, 22:24:32 + 02 ": short message sending
time.

No message, TC35 response:

The AT + CMGR =3

+ CMGR: 0,0

7, SMS deletion method

The AT + CMGD = 1 enter

8, SMS sending method

Short message sent is divided into two steps:

1: send and receive cell phone number, waiting for
the reply, ">"

The AT + CMGS = "13307496548" carriage return
(destination address)

TC35 response:

The AT + CMGS = "13307496548" >

2: the content of the input message (English only) :
Test press enter
3.2 GPRS SYSTEM HARDWARE DESIGN
3.2.1 GPRS SYSTEM PRINCIPLE

GSM communication module the concentrations of
PM2.5 data after the implementation will be treated as
single chip microcomputer, and the position of the
GPS module to obtain coordinate data package sent to
the target phone, at the same time will receive the
information real-time display on the LCD screen in
1602.

The whole system working principle is to use
STC12C5A60S2 single-chip microcomputer control
data collection, GSM module performs data sending.
This system can realize the PM2.5 data sent to the
designated a cell phone, just send module equipped
with mobile phone specified format message, short
message content module identification, through single
chip microcomputer processing, the real-time PM2.5
data feedback in the form of a short message to the

corresponding target mobile phone.
3.2.2 TC351 MODULE POWER SUPPLY

TC351 module provides all the power interface, need
access to more than 5 v 2 a or 2 a dc power supply.
Module is negative in the back of the board have
marked: VCC access positive, GND plugged into a
power supply for the cathode.TC35i pin diagram as
shown in figure 6:

LVTTL TTL =

LDO Chip 4 S

max3232

Zener diode

PROTECTDIODE TvS ~ GSM Auto Start

VCCIN GND R_MCU T_MCU | R_232 T_232 IGT PD RING SYNC LOW_BAT VDD AKKU_TEMP POWER

Figure 6 TC35i pin drawing

Start the TC35 way:

TC35 can be activated by the following way, begin
to work

1. Through point firewire IGT trigger, into the
normal working condition

2. Through the power cord, began to enter the
recharge area

3. Through the RTC interrupt, start into alarm mode
3.3 GPRS SYSTEM SOFTWARE DESIGN

Software, by controlling the STCI12C5A608S2,
storage of PM2.5 sensor data, and through the TC35i
communication module sent to the designated mobile
phone. After system boot, initialized first action, open
the total interruption, display the boot screen, GSM
module to work properly.

GSM module is normal work, immediately to the
designated mobile phone to send a contain PM2.5 data
information. After that, when to accept the request
message to the specified format, you can extract the
phone number, then send the number of PM2.5 value
at this time; Not received the message, the specified
format information display shows the current PM2.5
concentrations. This feature is convenient and quick,
from the design of key parts, and at the same time able
to remote wireless transmission to a specified mobile
phone.
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’ Initialization, Open the interrupt |
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For PDU encoding
Send SMS message
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N

l Resend more
than three

N

‘Wait for a period of time

A serial interrupt 17

I
v

Read the SIM card
Data decoding

To send data to
the serial port 1

Delete the SMS
message

Fig.7 the main function program flowchart

4 TEST RESULTS AND CONCLUSIONS

After the experiment test, PM2.5 detector has can
achieve the function of PM2.5 monitor, the screen also
shows the location of measured PM2.5 levels as well
as the geographic coordinates of test site. Instruments
have remote message sending and receiving function,
can be fixed by mobile phone on the format of the
message asking, instrument through to the SMS
receiving and processing, the screen information sent
to the target cell phone users, so as to realize the
function of remote monitoring of target location of
PM2.5.

Here is in the instrument of changchun day we use
the measured data of PM2.5 levels:

Table 3 Measurement data sheet

TIME PM2.5 DATA Website data
8:00 S6ug/m? 55ug/m?
10:00 79ug/m? 77ug/m?
12:00 59.5ug/m? S6ug/m?
14:00 S52ug/m? 47ug/m?
16:00 53ug/m? 60ug/m?
18:00 73.4ug/m? 70ug/m?

* measured on January 8, changchun PM2.5 numerical (micrograms per
cubic meter)

Draw the

experimental data and the observation of PM2.5

following chart according to the

change trend in one day:

164

Changchun pmZ. 3 measured data

=
1

,_.
[=1
o

=

U017} L) US3 U0
ajargaud oy
ol
=

8:00  10:00  12:00  14:00  16:00  18:00  20:00
TIME
Fig.8 PM 2.5 change trend chart

Through the observation, the changchun 8:00 p.m. at
eight o 'clock in the early period (winter), peaked at
around this morning at eleven o 'clock PM, lowest
about appeared at about three o 'clock in the afternoon.
And PM2.5 floating is changed in one day.

The instrument is fully functional, novel design,
have the characteristics of low cost, long service life,
suitable for family use. Human-computer interaction is
convenient, easy to use, simple interface style, suitable
for all kinds of people. With real-time location
coordinates and PM2.5 display function. To obtain the
data to the GSM SMS transceiver, greatly convenient
for measuring information work. Instrument as a whole
is small in size, easy to use, the use of Li ion battery
power supply, battery life is strong, can work
continuously for several hours. Portable, real-time and

accurate measurement.
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Design of solar automatic tracking system

Li Li; Wang Deyin; Xia Zhenghui

(jilin university instrument science and engineering institute,changchun, 130021 )

Abstract--Now for the development and utilization of solar energy, we basically adopt the method of fixed installation of solar

panels, this way can't gain the efficient utilization of solar energy.Aiming at this problem, we adopt the method that combine

trajectory tracking and photoelectric tracking method,all-day solar tracking method,based on single chip microcomputer to

make full use of solar energy.Using the light sensor unit the system can analyze three different situations, sunny day, rainy day

and night ,and choose effective way for tracking.Finally we achieve solar energy automatic tracking which can choose the best

way of tracking according to different weather conditions, and the system can offer illumination for family yard.

Keywords--solar energy solar tracking independent system

0. INTRODUCTION

AS a clean and pollution-free energy, prospects of
Solar energe for development are very broad.
However, it also has the problem of low density,
intermittent and spatial distribution changing,and this
has put forward higher requirements for the collection
and utilization of solar energy.In the solar energy heat
utilization, we must make the collector from sunrise to
tracking in order to get high temperature heat;
In solar power generation, under the same conditions,
automatic tracking power generation equipment than
fixed power generation equipment,generation capacity
increased by 35%, the cost decreased by 25%][1], so in
the use of solar energy, tracking is very necessary.
According to the different situation, choose different
ways of tracking to improve the accuracy, and tracking
accuracy of the device significantly influenced the
performance of equipment and utilization of solar
energy, so it is a very meaningful work to study the
control method of the tracking device.

sunset

1. THE HARDWARE DESIGN OF THE SOLAR ENERGY

AUTOMATIC TRACKING SYSTEM

In some of the common solar tracking methods,
photoelectric tracking and visual day tracking[2] are
the most common. In order to maximize the rate of
solar energy collection, we adopt a combination of
photoelectric tracking and trajectory tracking, through
the analysis of the different weather conditions, to
determine the most appropriate follow-up to ensure
maximum efficiency in the use of solar energy. The
overall system tracking block diagram is shown in
figure 1.
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Fig. 1. overall system block diagram

1.1Photoelectric tracking design

(1)The direction of the light source is judged by
comparing the light intensity of the four sensors[3],
which are used as the combined sensor, by comparing
the light intensity of the two relative sensors. At the
same time, due to the space limitation, the distance
between the photoelectric sensor is too small,so we
need to add the photoelectric isolation to increase the
contrast difference. The device has high stability, high
reliability and high uniformity, which can be widely
used.

A

Fig. 2.schematic diagram of four symmetrical sensor
(2)Design of A/D conversion circuit
The converter uses a 8-bit successive approximation
A / D converter ADCO0809, which has a 8
multi-channel switches, and can be based on the
address code after the lock decoding of the signal
through 8 analog input signals in a A/D conversion.
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1.2 Trajectory tracking design

In order to improve the collection efficiency of solar
panels[4] to light energy, need to maintain the vertical
solar radiation to the solar cell board as far as possible.
In this paper, the description of the position of the sun
is described by the elevation angle and azimuth.

Solar elevation angle o

sin & = sin ¢sin O + cos P cos O cos @
Solar azimuth y

) cososinw
ST = cosa

In the formulas: ¢ is local latitude, & is solar

declination angle, @ is solar hour angle.
Solar declination angle

360(284 + 1)
365

In the formulas:n is the cumulative number of days,
January Ist is 1, January 2nd is 2, and so on ,the
declination angle can be drawn.

w=1512-1)

0 =23.45sin( )

t is the time of the year[5].
From the above formula [1],the elevation angle and
azimuth angle of the sun position can be derived , in
order to achieve the trajectory tracking.
1.3 Clock circuit

We select the AT89C52 as the microcontroller of
the design,and the clock chip selection is DS1302. Use
DS1302 do external timing, and the way of the key to
the time of year, month, day, hours, minutes, seconds
calibration. The clock module[6] mainly provides the
time to the microcomputer, for the judgment of the
night and the day and the calculation of the elevation
angle and azimuth.
1.4 Drive unit

According to the moment of the whole system, the
research chooses the 42-type stepper motor. The step
angle of the stepper motor only has full step and half
step , the whole step angle is 1.8 degrees /step, half
step angle is 0.9 degrees/step. When the rotation angle
is determined, the driving angle of the stepping motor
is determined, and only the pulse number is converted
into the pulse number. At the same time, in the
photoelectric tracking, If the difference between
adjacent sensors is large, then a continuous
rotation;and If the difference between adjacent sensors
is small, then only one rotation step, which makes the
system more accurate toward the sun.
1.5 Lighting control

This paper set that the light of family courtyard is on
only at night. Therefore, the system set that the
intensity values of the four symmetric sensor are
relatively low, and during the period of 7 pm and 6
am in the night , solar panels automatically turn to the
general direction of the sun at 6 in the morning and
wait for a sun rising.At the same time, MCU makes the
controller connected to the working lights. But when
it comes to six in the morning or there is still a strong
light source, the system will keep track of the light
source.

2 THE DESIGN OF SYSTEM SOFTWARE

Software flow chart as shown in Figure 3, when the
system was first used, it need clock chip initialization,
which need artificial time calibration and electronic
quantitiy detection[7] at the same time. If the battery
power is lower than a certain value, the system is to
enter the sleep mode for protecting their datas, no
longer work until the electronic quantity of battery was
again sufficient; If the power is sufficient, then the
systen is to enter the trajectory tracking mode firstly to
find the general location of the sun at the moment.
Thereafter comparing the pre-set time of sunrise and
sunset with the time provided by the clock, if at night,
adjust the solar panels to the sunrise position waiting
for the sunrise, while the controller control the lights
work; If after sunrise and before sunset, the sensor
circuit determine that this moment is day by the light
intensity, switch to photoelectric tracking mode ,then
detect whether the sun is perpendicularly shining
panels, if not,adjust the panels to the vertical angle
constantly, at the same time ,record the number of
steps of rotation of the stepping motor in order to
record the current azimuth and elevation angle; if it is
cloudy between sunrise and sunset, the system has
been always in the trajectory tracking mode,every 15
minutes for an automatic tracking.And
processing mode is always been in the detection, once
the pressure sensor panels feel a certain pressure ,there
is a certain snow needing cleaning,send disposably
stepper motor multiple number and make the panels
swing fast and substantially to make the snow slip off.

Snow

3 EXPERIMENTAL RESULT

The experimental system can be used to locate the
position of the sun according to the azimuth and
elevation angle. If the record is 0 degrees due south,
west and east direction is positive and negative, system
rotation angle is from negative 89 degrees to positive
89 degrees. In the changing conditions, the system is
constantly in the photoelectric tracking mode and the
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trajectory tracking mode,the angle error of the solar
panel is calculated within 4 degrees,which is an
acceptable error. The system switches smoothly
between the two modes and the sleeping state.

4 CONCLUDING REMARKS

This paper studies the design of the solar tracking
system based on single chip microcomputer, and it also
is a double axis tracking system,can automatically
detect the night and day, and judge sunny and cloudy
day. The system can calculate the elevation angle and
azimuth angle at a certain time, and do the trajectory
tracking.According to different weather conditions, the
system can choose different tracking modes, which can
effectively improve the utilization of solar energy.
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The design of the shallow geothermal energy
monitoring system

Sun Dan; Geng Yi-nan; Ding Jin-zhong
(College of Instrument Science and Electrical Engineering, Jilin University, Changchun 130022, China)

Abstract--The device of the shallow geothermal energy monitoring system based on MSP430F449 microcontroller uses the

DS18B20 temperature sensor to collect temperature and use the pressure transmitter of YB - 131 type to test pressure, the 5110

LCD screen can display temperature and pressure data real-timely, the monitoring system can transmit data to principal

computer via a serial port. The monitoring software is designed by the Visual Studio 2010, it is to achieve monitoring

temperature and pressure data dynamically, what’s more, it can choose different time intervals to collect, record and store data,

complete data processing and draw the line chart.

Key words--Temperature and pressure measurement; Real-time display; Data transmission; Variable time interval ; Line

chart

0. INTRODUCTION

THE shallow geothermal energy has exploitation value,
which is formed by the perennial temperature
difference between the rock and soil body under the
surface of the earth temperature and land surface
temperature, and it is a special kind of potential energy
[1].It lies in certain depth below the surface (generally
less than 200 meters) within the scope of rock mass
and underground water and surface water, and its
temperature below 25 degrees Celsius [2].The shallow
geothermal energy has a high value of utilization,
inexhaustible. As the

technology matures, the development and utilization of

which is abundant and
shallow geothermal energy can have become possible
[3]. In the process of the utilization of the shallow
geothermal energy, it is necessary to grasp the data
accurately such as temperature and pressure. The
project is to design a set of cost-effective miniaturized
monitoring system which can operate simply and
promote greatly, finally it will play a role in the
development and utilization of resources and make
contributions to the country's energy conservation and
emissions reduction work.

I .THE OVERALL PLAN
The design chooses PVC tube to build experimental

environment and simulate the process of monitoring
the utilization of the shallow geothermal energy,
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meanwhile, the temperature sensor and electronic
thermometer are connected together by a tee coupling.
Based on the mechanism of connected vessels, the
model picks out a plastic hose to change water level in
the PVC tube which is to simulate different water
pressure; it changes water temperature poured in the
PVC tube to simulate different geothermal water
temperature. Pressure transmitter is on the bottom of
the device. Environmental simulation device is shown
in figure 1

Figl. Environmental simulation device diagram

System is divided into hardware part and software
part, and hardware part is divided into the temperature
module, the pressure module, the display module and
the serial port module that completes the data
collecting and data transmission and data displaying.
Data transmission is completed via a serial port to the
PC. The design controls the software to record, store

data and draw the line chart. Overall system structure
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diagram is shown in figure 2.
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Fig2. Overall system structure diagram
II. METHODS

A.  Temperature Module

DS18B20, a common temperature sensor, has t the
characteristics of small volume, low hardware
overhead, strong anti-jamming capability and high
precision. Its temperature measurement range is from
55 ‘C below zero to 125 °‘C above zero, and its
working power supply: 3.0V to 5.5 V DC voltage

signal [4]. Temperature module circuit diagram is

3
‘ u2
3
5 VCC
T

shown in figure 3.

po  NEEE
GND @ @
DS18820

P20 O——

Fig3. Temperature module circuit diagram
DS18B20 temperature sensor is connected to the
P2.0 pin of the microcontroller and the LM2596S
step-down module provide 3V voltage for it. DS18B20

can realize the temperature automatic conversion so
that it doesn’t need to add external conversion
components.
B. Display Module

5110 LCD screen, a high cost-benefit LCD product,
can display the multi-line characters [5]. It uses 3.3V
power supply, is provided by the LM2596S step-down
module. Programming of the 5110 LCD screen needs
LCD initialization, screen clearing and using SPI
interface to write data. Because it has no their own
character, it must set up an internal small Chinese
character in MCU ROM. 5110 LCD screen’s display

circuit is shown in figure 4.

LCD
5110

Fig4. 5110 LCD screen’s display circuit diagram
C. Pressure Module

For the measurement of the pressure, the design
selects the pressure transmitter of YB - 131 type, and
its working voltage is 24V provided by the power
adapter. Its pressure measurement range is from
0.1KPa to 100KPa, and its output signal is from 4mA
to 20mA DC current signal[6].What’s more, it can
measure medium temperature whose range is from 40°C
below zero to 150 C above zero. However, due to
liquid contracts in freezing ,it will make damage to
diaphragm, which causes transmitter not working, so
working environment must be not below 0 C.

Its output signal is the current signal, but MSP430
microcomputer internal AD conversion needs the
voltage signal, so using a series of 125 Ohm resistance
is important so that 4mA to 2mA current signal is
converted to 0.5V to 2.5V voltage signal, then the
voltage signal connects MSP430 P6.0 pin,. Through
internal AD conversion, analog signal is converted to
digital signal, and using transformation formulas

171



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2016

calculates the 0 to 40KPa. The circuit diagram is
shown in figure 5.The pressure calculation formula is
shown as below:

P=20xU-10000 (1)
Among(1), P represents the pressure; U represents the
voltage.
1| rddv
PP e l 125 '

Fig5. Pressure module circuit diagram

D. PC Module

PC monitoring software uses Visual Studio 2010 as
Visual development tool with ¢ sharp programming
language. PC monitoring software includes data upload,
data query, data storage, line chart drawing, etc.
Because of long-term monitoring and large data
quantity, the monitoring software can select different
time intervals to receive and store data and draw line

chart. PC interface is shown in figure 6.
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Fig6. PC interface diagram

When PC works, according to the choice of time
interval, it receives the data via a serial port firstly and
judges the data bits preliminarily. It receives data again
when the data are not correct, it doesn’t buffer data
until the data are correct. At the end of data caching,
the monitoring software will store data and draw the
corresponding points in the drawing area.

[TI. THE TEST RESULTS

In order to test the accuracy and precision of the
system, a lot of experiments have been done.
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A. Temperature Test
An electronic thermometer is equipped in the
simulation device, and ice water is added into the PVC
tube, then hot water is added into the pill until the
pipeline is full of water. What is more, let some water
in the pipeline and keep the vertical direction getting a
different temperature. The PVC tube is fixed, the water
being flown in the pipe is carried out by the plastic
hose, so different temperature data are measured.
Through many experiments, compared with the
thermometer readings, PC software readings are
basically identical. The specific experimental data are
drawn into a line diagram shown in figure 7.
B.  Pressure Test
A plastic hose is installed at the bottom of the PVC
tube to constitute a connector. The PVC tube is fixed
and remains vertical. The PVC tube is filled with water,
in order to change the height of the liquid level in the
PVC tube, we draw off the water using the plastic hose
to simulate different pressure. We can use tape to
measure pipeline water level, and the theoretical
pressure can be calculated by the formula (2), and the
theoretical pressure and display pressure were
compared. The results show the accuracy and precision
of the pressure data. The specific experimental data are
drawn into a line diagram shown in figure 8.
P=pxgxh ®
Among(2), P represents the pressure; p represents the
density of water; h represents the level of the water; g

represents the gravitational acceleration.

Fig7. The line chart comparing the actual temperature data and
the temperature data on the screen.

In the

temperature data on the screen; the red line represents

figure7, the blue line represents the

the actual temperature data.
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Fig8. The line chart comparing the actual pressure data and
the pressure data on the screen
In the figure8, the blue line represents the pressure
data on the screen; the red line represents the actual

pressure data.

IV. RESULTS ANALYSIS

With lots of the experiments done, we observe the
drawing of the temperature curve and pressure curve,
then find that two curves of the actual data and the
theoretical data are coincide. It is proved that the
experimental data are correct. Specific experimental
data are shown in table 1.

Tablel. Data of comparison test

Actual Actual
order |h (CM) [P (KPA)| Pressure [Temperature [T (C)

(KPA) | (C)
1 150 14.7 15.1 27.4 27.75
2 139 13.62 13.82 28.3 28.5
3 122 11.95 12.15 12.1 12.12
4 107 10.49 10.63 25.8 25.55
5 91 8.92 8.94 23.8 23.87
6 84 8.23 8.4 23 23.12
7 75 7.35 7.35 22.1 22.12
8 64 6.27 6.44 21.6 21.62
9 58 5.68 5.68 21.1 21.12
10 |45 4.41 4.5 20.6 20.62
11 36 3.53 3.57 19.5 19.56
12 28 2.75 2.99 19.1 19.12
13 26 2.55 2.56 18.5 18.56
14 15 1.47 1.47 18.2 18.25
15 11 1.08 1.12 17.6 17.68

According to the experimental data, the accuracy of
the monitoring system can be obtained by comparing

the two sets of data. The temperature measured by the
electronic thermometer is accurate to 0.1 degrees
Celsius, and the temperature data measured by the
system can be accurate to 0.01 degrees Celsius, which
indicates that the system precision is more than
electronic thermometer precision. For the pressure data,
the output of the pressure transmitter is 4~20mA
current signal which is small, and the influence of the
external environment is considered, the pressure data
can be less than 0.5KPa. By comparing the theoretical
and experimental data, it is proved that the temperature
and pressure measuring by the monitoring system are

SO accurate.

V . CONCLUSION

The project designs the shallow geothermal energy

monitoring system. The system can display
temperature and pressure data real-timely in the
process of using the shallow geothermal energy; the
monitoring software can choose different time intervals
to collect data, transmit data, store data, and draw the
line chart which can response the change tendency of
the parameters visually. The temperature parameter
precision can reach 0.01 degrees Celsius. The pressure
parameter accuracy can reach 0.5KPa. The system has
the advantages of simple structure, low cost and
convenient operation which can preliminarily meet the
requirement of the utilization of the shallow
geothermal energy, and can be applied to the shallow
geothermal energy monitoring of the miniaturized

family.
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the dc motor speed control system
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Abstract--Selects permanent magnet dc motors as control object, and incremental PID algorithm which does not need to

accumulate to control motor speed. Use computer modeling simulation platform, and set the actual circuit testing, finish the

actual motor incremental PID control design. According to the permanent magnet dc motor using requirements and the

simulation results reasonably adjust PID algorithm, and save the resources of the controller, realized the rapid increment of

motor speed control. By actual test, compared with traditional PID algorithm, the dc motor speed regulator can achieve rapid

motor speed control, meet the actual demand.

Key words--Incremental PID  Computer simulation

L.INTRODUCTION

THE advent of more than a century, since it plays good
starting performance and braking performance, speed
smooth and wide, has been widely used in the field of
controlled electric drive. In high precision systems, the
DC motor actuators are very common. Especially
small permanent magnet motor, automotive, medical
equipment, electronic products often play an
indispensable role. In the application, the steady-state
and dynamic performance of the motor speed
regulation is often the focus of attention.

PID control strategy is one of the first developed
control strategies. Because of the high reliability and
robustness, the algorithm is easy to implement, etc.,are
widely used in PID control of industrial fields [1]. The
traditional PID motor control using positional PID
control algorithm, there exists a large failure or
malfunction, data integration process generated huge
and many other shortcomings;compared with the
position PID algorithm, incremental PID algorithm has
no need to do accumulate, less affected by the
malfunction, etc. [2], is more suitable for use in a
method based on digital PID control DC motor
equipment.

In this article, select the permanent magnet DC
motor as a control object, improved incremental PID
algorithm is applied to the motor speed, make the
modeling and simulation on a computer platform, and
build the circuit measured, obtained very good

accuracy and control Response rate.

Permanent magnet dc motor

Motor speed contr

II. INCREMENTAL DIGITAL PID DC MOTOR SPEED

CONTROL PRINCIPLE

A Composed of DC motor speed control system

DC motor speed control system uses a 16-bit
high-speed microprocessor as the main controller, the
through the

acquisition parameters sent to the main controller; a

motor speed photoelectric  sensor
main controller calculates the speed deviation and
generate PWM wave, and based on an incremental PID
algorithm correction wave PWM output duty, the use
of the motor drive circuit power amplifier to drive DC
motors, complete closed-loop DC motor speed control.

The system includes four parts: a main controller
section, motor drive and gun parts, liquid crystal
keyboard part and PC communication section. System

structure shown in Figure 1.

Communication
interface

Speed measuring
circuit

The

Dc motor microprocessor

master computer

. - keyboard and
Driver circuit  <+—— -~ .
display

Fig.1 System structure blockdiagram

A

B Incremental digital PID principle

PID controller includes proportional unit(P), integral
unit (I) and differential unit (D).

Traditional PID control formula is:
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de(t)
i ()

1 t
u(t) =K, [e(t) + ?Je(t)dt +T,
i0
However, the controller can only deal with discrete
quantity,So the formula needs to be discretized. After
discrete PID equation[3]:
Ty, T
u(k)=Kp{e(k)+?ze(j)+7d[€(k)—e(k—1)]} (2)
iJj=0
Easy to see that the amount of formula (2) output is
controlled quantity of added value, and every state in
the past will affect the final output.
The incremental PID of the formula is:

Au(k) = u(k) —u(k —1)
ro..
=Kp {e(k)—e(k—l)+?e(k)+7[e(k)—26(k—l)+e(k—2)]}

T T 2T, T
=Kp(1+?+7")e(k)—Kp(l+7")e(k—l)+Kp?“’e(k—2)

i

A3)
= Ae(k)— Be(k —1) + Ce(k — 2)

traditional
PID,Incremental PID output error only with the current
beat and shot the first two

accumulation, small amount of calculation is easier to

Compared with the position  type

related, without

achieve with digital controller [4].

C DC Motor Speed Modeling and Simulation
Referring to the mechanical and electromagnetic

processes of DC motor, we can list the armature

voltage balance equation and torque balance equations.
Armature voltage balance equation:

u,=Ri +1L, Gy g C))
dt
e=C,0i, )

torque balance equations:

s _r_p (6)
dt
M =C, ®i, )

There u, is the armature voltage, € is the armature

back emf, i, as armature current, L, armature
inductance, ® flux per pole, n is the rotor speed, C,
to DC electromechanical potential constant, Cy
torque constant, T is the electromagnetic torque, Tj,
load torque, J is the inertia of the rotational speed.
Finally, referring to FIG. 2, a block diagram of a DC

motor transfer model, we can get the transfer function
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of DC motors [5-7].

(u,—¢&)

Fig.2 DC motor transfer function block diagra

DC motor speed and armature voltage transfer
function is:
n(s)  1/C®
u,(s) T,Ts*+T,s+1 ®)

Expansion of the use of critical ratio method [3], adjust
the optimal PID parameters, select the time interval T
= 0.002s, images on a computer simulation obtained as

shown below.

14

----- ideal position value
tracking position value 4

12

1 L0 rm

08

-

i3
06
04

0.2

0

0 0.2 04 0.6 0.8
time(s)

Fig.3 The computer simulation diagram

III.SOFTWARE DESIGN

Incremental digital PID algorithm is the core of the
software, the optimal PID parameters obtained by the
computer simulation, the curing of the program to the
system controller. Flowchart software part of the
system is as follows.
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Start

Button set speed

R—

Detection speed
display

Calculate
deviation e(k)

Calculate control
volume Au(k)

Change the
PWM duty cycle

v

Whether to end

Fig.4 The flow chart ofsystem software

IV. EXPERIMENTAL TEST

The system used 16 ultra-low power consumption,
with RISC MSP430 microcontroller as the main
system responsible  for

controller, processing

information, calculations and algorithms to perform
[8].

Select RK370-15330-50 type permanent magnet DC
motor as a control object, the motor driving portion is
selected L298N chip, contains within it a full-bridge
circuit can be a standard TTL level is converted into a
high voltage, high current level . Level transformed
can better drive DC motors.

Measuring motor speed using the photoelectric
encoder speed, when the motor rotates, the
corresponding circuit will produce a square wave pulse
signal, and then capture the signal from the controller
and measure the frequency of the signal, and finally
through the calculation, you can get the motor speed.
The photoelectric encoder with a precision of 37 pulses
/ dregee [9].

Figure 5 and figure 6 are the photoelectric encoder
physical map and the measured square wave pulse

waveform.

Fig.5 Encoder circuit

-

Mt A /7 Iny

Fig.6 Square wave diagram
Figures 7 and 8 for the PWM waveform and the
motor speed at 60r / min generated by the controller of

the motor driving circuit outputs the drive waveform.

Triad) () [ 28 Nov 2815
[ o e () (P

GWINSTEK

Fig.7 The controller output voltage waveform

Tria'd] (™ | 28 Nov 2815
L T W () [P’

[ s ]

GWINSTEK

Fig.8 Motor driving voltage waveform

Figure 9 is a response curve at a given motor speed
is 60r / min obtained.
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Figure 9 shows that the system is no significant
overshoot, rise time is about 0.5s, and the process
subsequent runs basically stable.

FHE (/i)

afidws)

Fig.9 The measured speed rendering

V.CONCLUSION

This paper applys incremental digital PID to DC
motor speed control system.The program is simple and
low cost.and obtains a more satisfactory speed
response and dynamic effects.
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The system faced to wisdom residential area
intellisense and regulatory

Yue Liangguang; Liu Lei; Wang Mingchao

(College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026,China)

Abstract--In order to solve the traditional intelligent household system for users on the market at present the single, the

product cost is high, the problem of poor scalability, based on STM32 microcontroller as the core controller, designed a set of

intelligent household module and security module for the integration of active intellisense and regulatory system. System USES

a WiFi communication technology has realized the control ofthe curtain; Using the infrared learning module realizes to control

household appliances; Using the temperature and humidity sensor realizes to the family the real-time monitoring of

temperature, humidity, Bycamera, infrared tube and the human body infrared sensing module implements the function of

family security, and will be more than the information sent to the mobile phone and remote computer. So as to solve the single

intelligent household system for users, the product cost is high, the problem of poor extensibility, reached the user-oriented is

wide, the product cost is low, the purpose of strong extensibility.

Keywords--Intelligent household module; Security module; Infrared learning module; The human body infrared sensor

module; The sensor.

I.  INTRODUCTION

THE development of information technology have
in-depth every field of human life, so people began to
pursue combined the technology of information,
security, efficient and comfortable, and have rich
cultural environment of the healthy house[1]. The
accelerating pace of the social life, the requirements
for high efficiency intelligent household environment
has been put forward by us, people need a quick and
convenient system platform to us from the heavy
housework work and tedious household appliances in
the operation, automatic assist people's life.

On the other hand ,we analyse the current situation
of  urbanization, economic development and
industrialization level and developing trend, Our
country has entered the acceleration of urbanization
development stages. Domestic most of the urban
residential buildings are village form, and a sharp rise
in the number of the community, size is bigger and
bigger, but the current community management mode
is still stay on the traditional model of safety patrol and
maintenance of protection, "All pipe and all no
matter[2]".

effective emergency management, at the same time we

For the user can't form a timely and

also can't every household to realize real-time
monitoring and control, to provide security, fire safety,
etc.

Intelligence community security monitoring system
solves this problem well, combine smart home and
security monitoring, the goal is to make people have
safe, comfortable, convenient, entertainment, and
beautiful living environment, this is the inevitable
trend of China's urban residential development in the
new century. Smart home is a house as a platform,
using the integrated wiring technology, network
communication technology,

security  technology,

automatic control technology, audio and video

technology to integrate the equipment related to
household life build

comfortable home facilities and management system,

together, to convenient,
ascension home security, convenience, comfort, artistry,
and realize environmental protection and energy saving
living environment[3]. Called the safety and protection
system of public security system, based on the personal
property
communication security, the purpose of loss prevention

security  protection, information and
and crime prevention. Security refers to the building or
buildings (including peripheral areas), or specific
location, area, through the adoption of human
prevention, technology prevention and physical
prevention methods such as the comprehensive
implementation of personnel, equipment, construction
or regional security. Security System[4] (Security &
Protection System, SPS) is, for the purpose of
maintaining the social public safety, use security

products and other related products of intrusion alarm
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system, video security monitoring systems, access
control system and other systems; or by these systems
for the subsystem or integrated electronic system or
network. Security industry in China develops very fast,
also more popular,but traditional security of people's
dependence is strong, very human cost,and intelligent
through the

machines,to realize people want to do as much as

security realization of intelligent
possible. Loss prevention is the industry's task, crime
prevention is the responsibility of the police law

enforcement.

II. THE SYSTEM OVERALL DESIGN

This system mainly divided into three aspects,
namely intelligent household module, security system
module and the upper software. For smart home we
ARM to realize the control of temperature and
humidity sensor, through the wifi module to allow the
ARM to control the motor of the curtain, through
infrared learning module to ARM remote control air
conditioning, TV and other household appliances. For
security system module, we mainly through camera,
body induction module and installed in the Windows
on both sides of the infrared for real-time monitoring
of tube to plate a security. Finally using SIM900A
module to send information to cell phones, and through
the upper information sent to the remote computer
software will be home, to implement intellisense and
regulation. In the process of using the wifi module, we
are connected to the wifi module for each module
respectively to set network interface. For mobile
phones and remote computers, we will develop a
specific protocol, to ensure accurate regulation and
control. The system composition block diagram is
shown in figure 1.
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Fig.1 The curtain of intellisense and regulatory system

structure diagram.

II. THE SYSTEM HARDWARE DESIGN

A. The Infrared Monitoring Module In The Pipe
Infrared monitoring module, the pipe using infrared
tube as the sensor.Its working process is when there is
no shade between infrared transmitting tube and
receiving tube represents no invasion, infrared
receiving tube can receive infrared transmitting tube
lights, at this time will not start the subsequent alarm
circuit.Once the infrared transmitting tube and
receiving tube between block infrared transmission
block, the infrared receiving tube can't normal receive
infrared transmitting tube lights.Master control chip to
detect the channel block, will start the subsequent
alarm circuit.Red warning lights on, on behalf of the
family was invaded.Infrared detection module the pipe

schematic diagram is shown in figure 2.

¥/ [

Fig.2 The principle diagram of the infrare detection module
the pipe
B. Camera Video Monitoring Module
WEB CAM is the combination of traditional camera
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and network video technology a new generation of
products, in addition to possess all conventional
camera image capture function, machines also built-in
digital compression controller and the operating
system based on WEB, made by compressed video
data encryption, through the LAN, Internet or wireless
network, to the end user[5].And the remote user can
use the standard on PC web browser, according to the
IP address of the network camera, on a visit to the
network camera, the scene of the real-time monitoring
target, and can be real-time editing and storage of
image data, at the same time also can control the
camera haeundae and lens, all-round monitoring.The
principle diagram of the camera video monitoring

module as shown in figure 3.
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Fig.3The principle diagram of the monitoring and control
system design

C .The Human Body Infrared Sensor Module

For core component HC - SR501 human body
infrared sensor, the human body has a constant body
temperature, generally in 37 degrees, so have a specific
wavelength of about 10 um infrared, passive infrared
sensor is detecting human around 10 um of ir.The
human body through the thin mud around 10 um of air,
filter enhanced gathered on infrared induction.Infrared
induction source usually USES the pyroelectric
element[6], the element in receives the infrared
radiation human body temperature changes will lose
charge balance, to release charge, the follow-up circuit
can generate alarm signal after testing treatment.The
alarm signal transmitted to the microcontroller chips,
you are able to operate the follow-up of automatic
lamp circuit, and start timing, in this cycle, automatic
light has been lit. When one end of the cycle time,
continue to detect signals from the sensors, if you still
have a warning signal, then start a new timing cycle

and drive subsequent automatic lamp circuit, if there is

no warning signal,, no response.By unit time timing
work will be efficient use of the principle of the power
supply, reduced the waste of unmanned to exist "hers"
phenomenon.The principle of infrared induction

module diagram as shown in figure4.

el ]

Fig.4 The principle diagram of the human body infrared
sensor module

D. Intelligent Curtain Module

The curtain main engine part of the main control
module for the system.Using infrared integration
acquisition signal receiving, infrared remote control
mode;Adopts L298 drive double step motor, adjust the
attitude of the

resistance and resistance in series in the circuit,

curtain;Slide the photosensitive
through the intermediate node gathers the voltage
signal of reflected light intensity after analog-to-digital
conversion to digital signal is sent to the core controller,
the controller output drive signal is amplified by
driving circuit, micro adjustment control stepping
motor, realize the automatic electric.Curtain control
module hardware schematic diagram is shown in figure
5.

IRARAARA

Fig.5 Curtain control module hardware principle diagram

IV. THE DESIGN OF SYSTEM SOFTWARE

System software design is divided into two parts, the
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main control system and auxiliary system workflow
solidified within the STM32 microcontroller using C
language.

Master control system is to initialize the system,
which make it into the best work state, prepare the way
for subsequent correlation processing.Auxiliary system
covers the infrared tube detection, video surveillance
cameras, human body infrared sensor, intelligent
curtain control four separate module
subroutine.Interrupt mode can be used to real-time

calls to each subroutine.
V. THE ANALYSIS OF EXPERIMENT RESULTS
A The Infrared Monitoring Module In The Pipe

When shade between
transmitting tube and receiving tube, green light, on

there is no infrared
behalf of the security, as shown in figure 6 (a). Besides,
when the infrared transmitting tube and receiving tube
between block infrared transmission bar, the red
warning lights up, on behalf of the family was invaded,

Fig.6 The experimental progress of infrared tube
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B. The Human Body Infrared Sensor Module

HC-SR501 infrared sensing module pyroelectric
sensing head receives the infrared radiation human
body temperature, charge balance is broken, release
charge outwards, and produce electrical signals, the
follow-up circuit sounded the alarm[7].Figure 7 (a)
represents for safety state, while figure 7 (b) represents
for the risk state of alert.

Fig.7 The experimental process of human body infrared
induction

C. Camera Video Monitoring Module

Cameras connected to the wireless network, through
the form of remote access can be read in real time
video data taken by camera.Figure 8 (a) represents for
mobile phones to read camera images data, while
figure 8 (b) represents for the camera for computer
data.
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Fig.8 The display of camera video
D. Intelligent Curtain Module
Master control chip L298N motor driver module
control, 5 v de motor by controlling the motor forward,
reverse and stop on behalf of the intelligent open and
close of the curtain, as shown in figure 9.

Fig.9 experimental process of driving motor

E. Temperature And Humidity Monitoring Module
Using DS18B20 temperature test environment,
display process is shown in figure 10.

Fig.10 The environment temperature and humidity display

process

VI. CONCLUSION

The design uses the STM32 as micro controller, a
wi-fi network technology to realize the control of the
curtain, the infrared learning module realizes to
control household appliances and the sensor of
temperature and humidity to realize the family the
real-time monitoring of temperature. By camera,
infrared tube and the human body infrared sensing
module implements the function of family security, the
information sent to the mobile phone and remote
computer.So as to solve the single intelligent
household system for users, the product cost is high,
the problem of poor extensibility.Reached the purpose
low cost and

of wide user-oriented |, strong

extensibility. So the generalization get stronger.
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Abstract--This design is based on MSP430 Stepper motor micro-gas injector, the hardware design of the system

includesstepper motor control circuits, liquid crystal display and keyboard input, gas tank control circuit. In the design of

software, the main problem is SCM control for each module, the realization of the stepper motor at the core of trace gas

injection capabilities. Accessibility includes the gas tank temperature detection.

Key words--Stepper  motor gas  Micro Injection  Microcontroller

I. INTRODUCTION

INJECTOR in biochemical Analyzer in today's society,
chromatography instruments has a wide range of
applications. Reliability and accuracy of its direct
impact on results. Therefore, in research and
development of biochemical analyzers,
chromatography analytical instrument company first
and foremost is the research and development of
efficient, precision stepper motor-based gas

micro-injector[1].

II. MEANING OF REASERCH

Domestic gas injector were primarily for human
intake, this method is a method more waste of
manpower, but also prone to human negligence,
qualifying injection volume inaccurate problems.
Neither intelligence, can not guarantee the accuracy.
So do a stepper motor injector is very necessary. Gas
detection, control and alarm means there are many,
wherein the gas sensor is the best[2]. But need the
gas into a gas tank for testing, we need a gas injector,
so that you can better gas injected into the gas tank.

III. IMPLEMENTATION PLAN

A. The research ideas and methods

Msp430 Microcontroller core, through the drive
module, control the stepper motor rotation direction,
speed and the size of the amount of displacement of
the stepping motor, while adding the keyboard
module and a liquid crystal display module, keyboard
module auxiliary setting the operating state and

stepper motor numerical displacement amount of the
liquid crystal display module is displaying the
operating status of the stepper motor and parameter
setting while msp430 control solenoid valve is turned
on, the control box out of gas[3].While the auxiliary
circuit is 51 microcontroller, the main function is to
measure the temperature of the gas tank, but also has
an alarm function to protect the safety of the system,
then the measured value on the display. A system

block diagram shown[4].
»|  Keyword
\ 4
Soleno |€— 430 || Driver | Stepping
* A
Gastan > Displayl
A
51 »|  Display?

Fig.1 system block diagram
B.  The main module, implementation plans and
technology roadmap

Driver chip stepper motor driver module for
L298N, including 4-channel internal logic driving
circuit. It is a two-phase motor and four dedicated
drive that contains two H-bridge high-voltage and
high current queen bridge driver accepts standard
TTL; logic level signals can drive 46V, 2A below the
motor.

Keyboard module is used to set the start and end of
the stepping motor, the rotational direction, size and
amount of displacement speed setting. Keyboard
module uses the key sheet 4 x 4 matrix.

The display module 1 to display the direction of
rotation, speed, displacement of the stepping motor,
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while the display module 2 to display the value of the
air temperature inside.

Temperature measurement module uses 18B20
temperature sensor for measuring air temperature
inside achieve. Both gas tank temperature alarm
function, when the temperature exceeds a preset safe
temperature, the buzzer will issue security alerts,
security system[5].

Solenoid valve module is the control solenoid
valve switches to control the gas out of the gas tank.

MSP430 basic working circuit module connected
to a crystal oscillator and a reset circuit with MCU
peripherals, connect the power and ground.

IV. CIRCUIT COMPARES

A. SCM Part

Msp430 microcontroller and 80C51 in part by a
constitution, msp430 responsible for controlling
stepper motor conduction state and the solenoid
valve operation, 80C51 is used to measure the
temperature of the gas tank and the high temperature
alarm.

Circuit is crystal quartz oscillator. Quartz crystal
oscillator has a very good frequency stability and the
ability of anti-interference, therefore, quartz crystal
oscillators used to generate a reference frequency. In
addition, it can produce an oscillating current, sends
out a clock signal to the microcontroller. On-chip and
oft-chip circuit device comprising a clock generation
circuit, crystal frequency and more generally in select
between 1.2MHz ~ 24MHz. C1, C2 is a feedback
capacitance, and its value between 20pF ~ 100pF
selection, usually around 30pF. Crystal frequency is
12MHz, the clock period is 1lus[6]. The main
function is to reset circuit microcontroller
initialization, during initialization reset pin on the
need to increase to a high level two machine cycles.
SCM address after reset is initialized to 0000H, then
the microcontroller program execution resumes from
0000H unit.
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Fig.2 Microcontroller circuitl

MSP430 minimum system consists of a master
MCU, power, reset circuit, clock circuit, JTAG debug
circuitry, serial communications module, at the same
time also designed MCU clock circuit, power circuit
and JTAG debug circuitry. Clock module provides
the clock source for the MCU, JTAG interfaces for
microcontroller program debugging and emulation,
serial 0 (USARTO) through MAX232 level converter
module connected to the PC for debugging
embedded software, power supply module provides
power to the MCU and each peripheral module .
Program by P4.4, P4.5, P4.6, P4.7 pin control four
motors to P2.0, P2.1, P2.2, P2.3 four pins control
LED display control motor high speed and low order
changes.

=,

Fig.3 Microcontroller circui2

B.Motor driving section

In this circuit, we selected as a driving device
LM298N, LM298N provide for bidirectional load
current. Suitable for driving 2-phase or 4-phase
stepper motor and DC motor, especially when the
driving direction of the motor is to be changed, only
the position of the original electric motor to reverse
direction. LM298N can drive more than one motor
2A, LM298 motor drive module to meet the
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requirements.

Fig.4 The motor drive circuit

C.Alarm section

When the temperature exceeds the set range, the
alarm buzzer module circuit, the circuit resistance play
a limiting role. Circuit works when the temperature
exceeds the set range, by programming to the P2 port
Chapter 7 pin Fu is low, the transistor is turned on, the

buzzer sounds.

BUZ1

BUZZER

&

Fig.5 Alarm circuit

D.Display Part

LCD1602 display part by the composition and
Nokia5110 into, LCDI1602 display box air
temperature, Nokia5110 display the operating status
of the stepper motor.

Nokia5110 advantages are:

(1) interface is simple, only four I / O lines can
drive, LCD1602 need 11, LCD12864 need 12.

(2) cost-effective, LCD1602 can display 32
characters, Nokia5110 can display 15 characters, 30

characters, only the bare screen 8.8 yuan, 15 yuan or
so LCD1602 general, LCD12864 generally 50 to 70
yuan,

(3) Nokia5110 operating voltage 3.3V, operating
current of 200uA normal display below the
power-down mode for battery-operated portable
devices.

(4) speed is 20 times LCD12864 is 40 times the
LCD1602.

LCD1602 advantages are:

It is a display devoted to letters, numbers, symbols,
etc. dot matrix LCD module. It consists of several
5X7 or 5X11 dot matrix character bits, each bit
character dot matrix can display one character. With
this module flexible interface and simple way to
facilitate the operation instructions, may constitute a

man-machine interface.

ala s

Fig.6 LCDI1602display circuit

E.Temperature section

Temperature sensing circuit uses a single digital
temperature sensor DS18B20. DS18B20 unique
single bus interface to only one data line through the
data transfer can be completed. Its supply voltage
between 3V to 5.5V, temperature range between -55
degrees Celsius to +125 degrees Celsius, 9-12
adjustable resolution. DS18B20 has three output
leads, respectively, then the power, the
microcontroller pin, since in normal operation, the
sensor is required to drive current of about 1mA, so
the hardware circuits need to be connected to the
power supply and two leads an indirect one about SK

resistance.
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Fig.7 Temperature measuring circuit
V. SYSTEM SOFTWARE DESIGN
A.msp430 main program flow chart 1

( Begin )

Y
Imtialization

»
>

y
Setting

N

ParameterS

v

Whether
press ok”

l v

System

operation

v
Finished

running

Fig.8 The main program flow chartl

42H200 linear stepper motor lead screw pitch
8mm, pulse equivalent 0.0lmm, per pulse to a
platform to go the distance, use the master set 430 to
control the timing of each pulse in time, thus
calculated speed. And then control the timing of long
shift function can be realized according to the speed
setting.

188

Buttons to set a pre-movement distance, because
pulse equivalent 0.0lmm, obtained after one pulse
per platform go 0.01mm, and the required accuracy
of 0.0lmm, so the program is displayed as XX e
XXmm, in order to achieve precision, the
transmission of N pulse is showing movement nut N
* 0.01mm, thereby to move a specified distance you
can control the number of pulses sent by the
realization finally achieve the purpose of precise
positioning.

When the stepping motor is transferred, the
solenoid valve 1 is turned on, the solenoid valve 2 is
closed. When the stepping motor reversal, solenoid
valve closed, the solenoid valve 2 open.

b.80c51 main program flow chart 2

begin

initialization

A 4

Temperature

funcition

Measuring>set

A\ 4

LCD Display

buzzer

alarm

Fan

2

A

end

Fig.9 The main program flow chart2
Related program first macro definition, the
definition of variables and arrays, the preparation
needed Functions such as keyboard scan subroutine,
subroutine temperature setting, temperature, etc.

Functions. Then call in the main function of the
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liquid crystal LCD initialization subroutine initializes
and displays "wendu" in the first line of LCD display
"sheding", calling on the current temperature
measurement function temperature collection, call
the temperature limit set in the second line of LCD
Stator function set for hazardous temperature, laser
diode is responsible for the heating portion, then the
collected temperature values are compared with the
set temperature. If the temperature is less than the
danger, call the function liquid crystal display shows
the current temperature; if the temperature is greater
than the danger, call the function liquid crystal
display shows the current temperature, the buzzer

alarm, microprocessor controlled fan cooling.

VI.  FUNCTIONS IMPLEMENTED

A. Basic Skills

(1) the use of SCM stepper motor control pressure
into the gas tank of gas volume.

(2) using a temperature sensor so that the gas
temperature is displayed in the display box.

(3) control the import and export of the gas tank
switch.

(4) the length of the stepper motor motion is
converted to the corresponding volume of gas tank
and make it appear on the display.

B.Key issues and key and difficult project

(1) stepper motor control. How to use
microcontroller ~ programming  stepper  motor
produces a step displacement control reversing the
problem. Important part. Different products have
different control waveforms need to understand the
principle of stepper motor driver and master the basic
knowledge to buy, in order to meet the requirements
of the project.

(2) the display of the display portion. Display
needs to display two parts, one is the temperature of
the air box, a stepper motor displacement is
converted into gas tank concentrations. So we need
to know the type and model of the display, to meet
the requirements, but also strive to the most
economical and convenient.

(3) is connected to the computer through a serial
port for remote control. Circuit overall planning and
design, and software programming is the difficulty of
the project.

VI.TEST RESULT

Theoretical Theoretical The error
injection displacement actual
volume of| of the | intake
gas/ ml stepping air
motor / mm volume
ml
1 34 1.1 10.00%
2 6.8 2.2 10.00%
3 10.2 3.2 6.67%
Bl 13.6 43 7.50%
5 17.0 53 6.00%
10 34.0 10.6 6.00%
15 51.0 15.8 5.33%

Fig.10 test result
From the above test results, the greater the volume
of gas injection error is relatively smaller, the basic
error control within 10%, in line with expectations.

VII.CONCLUSION

The project has basically completed the design
specifications for realization of the stepper
motor-based trace gas injections proven that the
system is relatively stable, more accurate precision,
can effectively save time, relatively artificial
injection, saves a lot of human, has some practical
value. However, the accuracy of the stepper motor
application of the system is not high enough, there
will the system to achieve one of the most
optimization of the degree.Smaller amount of gas in
future improvements, through the use of more precise
steppermotor, allowing be situations when allowed

precision injection cause
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The pedometer based on the power generation
shoes

Sun Yong; Jiang Yuan; Suhang Li

(jilin university instrument science and engineering institute,changchun, 130021 )

Abstract--The pedometer is an electronic products which has a rise in recent years ,can exercise every day for people to

provide a basic reference.Power generation shoes also is a commodity has the rise in recent years,while walking the energy

needed to produce electronic products work.This article combined the two to pedometer design based on power shoes as the

starting point, the piezoelectric ceramic extrusion to produce electrical energy stored, for the pedometer for PVDF sensors

work, while walking, on the one hand, to achieve the production of energy, on the other hand to complete the function of the

step, kill two birds with one stone.

key word--Pedometer  Power generation shoes

1. INTRODUCTION

PEDOMETER is a relatively common form of electronic
products in today's society, it can provide a simple data
reference for people's daily movement. Domestic
molded electronic products pedometer function xiaomi
bracelet, Huawei hand ring, and other foreign products
like Iwatch. But these types of electronic products have
a relatively limited features, the need for particular
electronic products, such as, Iwatch can only be for
iPhone, and usually the high prices that most people
can not afford. This makes the promotion has
significant limitations. With the development of human
society, less and less energy storage capacity, the
search for new energy sources has become a major
contemporary inescapable problem in front of us[1].
On the road to find new energy, it will focus on a series
of large-scale solar energy, nuclear energy, but little
attention around the existence of many small energy
sources, such as vibration energy, thermal energy, etc.
This makes the people in seeking new energy at the
same time, undoubtedly ignore a lot of energy which
are fingertips, to some extent, energy is wasted.
Currently at home and abroad have made the use of
mechanical energy Electric shoes, but the technology
was not ripe, the main drawback is that the energy is
too low , which is a problem need to overcome in front
of us[2].

We propose shoe pedometer-based power generation,
use piezoelectric ceramic electrical energy generated
by the force of extrusion , after treatment by a specific
circuit on the lithium battery charging , to a certain
extent, a pedometer can be a work of power
consumption supplement, pedometer signal choose
PVDF piezoelectric film as a sensor, signal acquisition
generated by the extrusion , counted by the controller,

Piezoelectric ceramics

PVDF sensor

and sent via Bluetooth PC, the PC part select android
phone system, mommunication with pedometer
based on phone app via Bluetooth[3-5]. The
significance of this design is that on the one hand
reduces the work environment requirements, android
with Bluetooth is enough , the price is cheap, so most
people can use it; on the other hand, piezoelectric
ceramics electric power generated by the force of
extrusion of lithium rechargeable batteries, conducted
a comparison of energy fully utilized.

This paper mainly consists of five parts, the overall
structure of the design, hardware design, software
design, the PC part of the design, analysis of the results,
and at last we will make a brief summary of the
project.

2.OVERALL STRUCTURAL DESIGN

Located in the foot portion of the piezoelectric
ceramic, each person would have squeezed their
movement to produce deformation, generates a
corresponding electrical energy[6], after rectifier filter
for lithium rechargeable batteries, lithium batteries as
the energy storage medium on the one hand, and on the

other hand, it provide the energy needed for the work

of the controller and Bluetooth.
PVDF sensor is also located in the bottom of the

foot, people at every step, there will be a squeeze on it,

then the corresponding sensor generates a pulse to the
controller[7], record the number of received pulses are
counted, a pulse corresponding to step.

Controller to communicate with the host computer
via Bluetooth, the number of steps to pass information
to the host computer, the PC can display the
information of the number of steps , send specific
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commands to the controller, clear the controller for
controlling the number of steps , and decided the
number of steps transmission of information or not.

pi _ o 6
lezqc Re;nfymg Li
eramics circuit battery

Bluetoot!

>

Upper
computer

K

Controller

Pvdf
sensor

Fig.1The overall structural design
3 . HARDWARE DESIGN

3.1Power generation portion

Some dielectrics subjected to an external force in a
certain direction and is deformed, it will produce
internal polarization, opposite positive and negative
charges appear on its two opposite surfaces[8]. When
the force is removed, it will return to the uncharged
state, a phenomenon known piezoelectric effect, as
shown in 2 (a). When changing the direction of the
force, also changed the polarity of the charge. On the
contrary, when the electric field is applied in the
direction of polarization of the dielectric, which

dielectric deformation will occur, after the electric

field is removed, the deformation disappear, a
phenomenon known as the inverse piezoelectric
effect[9-10], as shown in Figure 2 (b).

(a)Direct piezoelectric effect

Electric
field

[_
|
I

(b) inverse piezoelectric effect
Fig.2 piezoelectric effect
Theoretical basis for generating electrical energy of
piezoelectric ceramics is piezoelectric effect for
generating electric energy principle shown in Figure 3
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Fig.3 Principle of the electromechanical converting system

After being squeezed at both ends of the signal of
the piezoelectric ceramics irregular signal[11], in order
to obtain more structured signals, In the next step of
the lithium battery charge is very convenient, first, the
signal needs to be a simple rectifier, then filtered
through a capacitor Cl, to save energy, we use
streamline circuit design, led5 is for fixed energy

direction, allowing only after adding led5 circuit
capacitor C1 to charge lithium batteries, but does not
allow the recoil, it can protecting the circuit, saving
save more energy, led 5
small

selected
on-voltage.

energy. To
Schottky diodes, which have
Schematic in Figure 4.

Piezoceramics
2 | —

1  —

Fig.4 The principle diagram of the battery

3.2Pedometer part

Steps signal from the PVDF sensor produces a pulse
every step, the number of pulses of the microcontroller
statistics, the number of steps for the information.

Controller selects msp430f149 microcontroller. The
model is based on single-chip RISC (Reduced
Instruction Set Computer) 16-bit signal mixed-signal
processors designed to meet the ultra-low-power
microcontroller and  well-designed, intelligent
peripherals, ease of use, low cost, the industry's lowest
power and other outstanding features. Pedometer
which is generated by the piezoelectric ceramic electric
energy as the main energy source, and therefore have a
higher optional on low power consumption advantages.
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MSP430F149

——— DVee PS.4/MCLK
P6.3/A3 P5.3/UCLK1
P6.4/A4 P5.2/SOMI1
P6.5/AS P5.1/SIMOT
P6.6/AG PS.0/SET1
P6.7/A7 P4.7/TBCLK
VREF+ P4.6/TB6 —+—
XIN P45/TBS [——
XOUT/TCLK P44/TB4 (—o—
VeREF+ P43/TB3 (—o—
—5— VREF-/VeREF- P42/TB2 —o—
— 5 PLOTACLK P4.ITBl ——
PLI/TA0 P4.0/TBO
—5] PL2TAL P3.7/URXDI1
2 PL3/TA2 P3.6/UTXD1
1 —— PL4/SMCLK P3.5/URXD0 (——

Fig.5 The principle diagram of step meter

PVDF generated interrupt signal connected to the
MCU P1.3 pin. msp430f149 SCM P1, P2 pin can be
used as an interrupt pin, where selected P1.3 interrupt
signal, the interrupt mode selected as the rising edge.
PVDF sensor when squeezed, it will produce a pulse
signal, when the rising edge is detected, the
microcontroller counts one, plus a number of steps.
Figure 5.
2.3 The communication section

Communication between SCM and PC selection
HC-05 Bluetooth as the communication medium.
HCO5 microcontroller is a low-power Bluetooth, the
working voltage is 3.3v ~ 5v, consistent with the host
microcontroller operating voltage range, no further
additional access to other operating voltage. Users can
set the baud rate to facilitate the transmission of data.
msp430f149 microcontroller choose P3.4, P3.5 pin of
the Bluetooth communication, P3.4 connected
Bluetooth RXD pin, P3.5 connected Bluetooth TXD
pin. Figure 6.

o 1 3 e ) ) o B e o e o N
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888352 EEEEET XY MSP430F149
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EERT g gESs
12 B Xegg

| £5g

> DVee P5.4/MCLK

; P6.3/A3 P5.3/UCLK1
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G P6.6/A6 P5.0/SET1

7 P6.7/A7 P4.7/TBCLK

3 VREF+ P4.6/TB6
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1 VeREF+ P4.3/TB3
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P1.4/SMCLK P3.5/URXDO

Bluetooth

Fig.6 The principle diagram of the communication
4. SOFTWARE PART OF THE DESIGN

MCU power, first, each pin is initialized, specifically:
P1.3 interrupt pin set, set the interrupt mode interrupt
rising, P3.4, P3.5 pin is set to communicate. After
initialization is complete, the received signal from the

host computer to detect if the PC to send the number 0,
the current pedometer step number is cleared, or when
a signal is detected from the Pin Pvdf sensors caused
the interrupt signal a record number, and then
processing the data, the data is sent to the host
computer via Bluetooth for display. Figure 7 is a
flowchart of the software.

/ Initialize

The bluetooth to send command

Pvdf sensor signalP PC

Sensors have
signal

Yes
A 4

Bluetooth data transmission

Step add 1

Fig.7 software flow pattern
5. PC PART OF THE DESIGN

Preparation of PC Program Based on google
products Android Studio, use JAVA programming
language as the basic language.

PC software steps as follows.

(1) Get Bluetooth response permissions:

Making procedures so that the local Bluetooth has
the right to work or relax.

Explanation:

To use the Bluetooth function in your application, at
least to declare a two Bluetooth(BLUETOOTH and
BLUETOOTH_ADMIN) permissions. In order to
perform any Bluetooth communication (eg connection
request, receiving and transmitting data connection),
you must apply for permission BLUETOOTH. To start
Bluetooth device discovery or maintenance settings,
you must apply for permission
BLUETOOTH_ADMIN[12]. Most  applications
require this permission, just to be able to discover the
local Bluetooth device.

(2) the configuration of the local Bluetooth module

Setting up the Bluetooth switch terminal, thereby
controlling the Bluetooth discovery scan.

Explanation:

Before an Bluetooth
communication channel, you need to confirm whether
the device supports Bluetooth communication, if
supported, make sure it is available. If you do not
support Bluetooth, you should disable all Bluetooth

application can use
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functionality. If Bluetooth support, but is disabled,
you need without leaving the application, enable the
Bluetooth function.

(3) search for Bluetooth devices

Bluetooth area is scanned to obtain information and
Bluetooth judge and get in line with the
communication protocol Bluetooth.

Explanation:

Use BluetoothAdapter objects, a list of devices that
can detect or query to find the paired remote Bluetooth
device through the device.Device discovery is a
scanning process, the process of the search for
available Bluetooth devices within the region, and then
request some of the information related to each other

(this process is called "discovery", "Search" or "Scan").

However, Bluetooth devices within the region only
when enabled features that can be found, will respond
to discovery requests. If a device is found, it will by
sharing certain information (such as device name,
category, and a unique MAC address) to respond to
discovery requests. Perform discovery and processing
equipment uses this information to  selectively
initiates the connection device which is found[13-14].

(4) Socket Communications Bluetooth

Socket is a special text, socket function is for the
text open, read and close operations[15].

(5) Connection Management (data communications)

Get data from the input stream

To pass data to the microcontroller from output
stream

(6) data processing

Data information obtained from (5) for processing,
and displayed.

Flowchart is shown in Figure. 8
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Fig.8 The flow chart of upper machine
Interface software work is shown in Figure.9.
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Fig.9 Working software interface

6. RESULT ANALYSIS

PVDEF is used as the input signal sensor pedometer,
its accuracy is relatively high, specific test data shown



Sun Yong etc.: The pedometer based on the power generation shoes

in Table 1.
Table.1 A pedometer measurement accuracy
The number Actual Measured Relative error
of values values (%)
experiments
1 10 11 10
2 50 49 2
3 100 10 2
4 150 152 1.3
5 200 202 1
6 250 249 0.4
7 300 301 0.33
8 350 349 0.28
9 400 399 0.25
10 450 451 0.22

The pedometer measurement data are plotted in
Figure 10. You can clearly see by the image, with the
increase in the number of steps, the accuracy of the
pedometer increase as compared with the
market,precise degree significantly improved.

oedometer error analysis dia

A pedome alysis diagram

12

10

Relative error (%)
[}

1 2 3 4 5 6 7 8 9 10
The number of experiments

Fig.10 The error analysis diagram of pedometer
7.CONCLUSIONS

The pedometer based on the power generation shoes
has basically completed the given index, even in the
pedometer accuracy, its precision accuracy higher than
many of the pedometer currently exists in the market.
However, due to the low power generation efficiency
of the piezoelectric when used, The
pedometer based on the power generation shoes can
not fully meet the needs of the work, we also need to
provide some external power to make the pedometer
work properly. However, we believe that with further
improvement of the circuit, the power generation
efficiency of the piezoelectric ceramic can be further
improved, The external energy needed for the work

ceramic,

will be less , The pedometer based on the power
generation shoes will take place in the future
pedometer world.
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The design of the heating system leakage detection
device

ZHANG Rui; GAO Ming-yu;. MA Chun-yao

(jilin university instrument science and electrical engineering college, changchun, 130000)

Abstract--Heating pipe leakage bring huge economic losses to the country, aiming at the shortcomings of the traditional

passive detection technology, uses the ultrasonic sensor, implement detection of heating pipes. Hardware design and software

flow diagram are given. Using DSP technology, with 8 channel 16-bit ADS8345 chip improves the calculation precision, to

optimize the human-computer interaction module, realize the data real-time processing and display functions. Experimental

results show: the entire instrument error range within 0.2 m, achieve the desired requirements.

Key words--Funnelled detection Sensor The human-computer interaction

INTRODUCTION

MORE and more popular in today's society, heating
system, leakage problems in heating applications, lead
to serious energy consumption, operation failure
occurs frequently, a serious threat to the normal
operation of the heat supply network, the heating
quality is difficult to guarantee. In order to make the
heating system leak detection is more concise and
straightforward, we have the design of the leak
detection system.

1.DOMESTIC RESEARCH STATUS

Currently on the market comparison of pipeline leak
detection method is rich, but usually apply to water
supply, for gas and oil supply system, due to the
heating pipe network heat medium temperature is high,
the installation conditions, the influence of such factors
as really suitable for city heat supply pipeline
inspection technology is still very limited. Current
heating pipeline leakage detection and location method
is to learn from other network special water supply, gas
pipe network, and applied in heating network existence
insurmountable problems and limitations. Heating pipe
network leakage occurs, can cause flow, pressure, heat
medium temperature and abnormal changes in physical
properties such as sound, so in the heating pipeline
leak detection, can be judged according to the
abnormal situation.

1.1 Artificial leak detection

At present domestic most thermal companies adopt
traditional artificial leak detection methods, mainly by
the engineering staff with a wealth of practical
experience, according to the leakage of heating pipe
network pressure and sound vibration anomaly change
of physical properties such as to determine the leaking
pipe section and the exact location of the leak. This
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method is simple and convenient, but vulnerable to
human and the interference of external factors, low
accuracy, poor reliability.
1.2 The acoustic emission leak detection technology

At present abroad related departments and scholars
mainly study using acoustic emission technology for
heating pipeline leak detection and location. Acoustic
emission technique can be real-time dynamic
monitoring and large coverage, is a kind of
non-destructive leak detection method, the principle is:
heating pipeline internal heat medium leakage occurs
when a continuous and acoustic emission signal
propagation in the pipe, such as the basis of the
intensity of acoustic signal amplitude can reflect some
of the characteristics of structure, such as the location
of the leakage and leakage, etc.But according to the
acoustic emission phenomenon of leak detection
technology involves the influence of many factors, is a
very complicated problem, such as leakage aperture
size, shape and liquid pressure, turbulence and
solid-liquid coupling, etc., to establish basic could not
precise mathematical physical model, and by the
acoustic emission signal source diversity, sudden and
their characteristics such as the uncertainty and
acoustic emission source to the propagation path of
sensor, the accuracy of the sensor, environmental noise
and acoustic emission measurement system, such as a
variety of complex factors, and the acoustic emission
signal waveform of the acoustic emission sensor output
real signals vary widely, the diagnosis accuracy is very
low.As a result, the acoustic emission leak detection
technology is the key to analyze the acoustic emission
signal identification, eliminating the influence of these
factors on the signal, restore the real acoustic emission
signal. But there is no widely accepted and can be
effectively used in the heating pipeline acoustic
emission test method and field application of leak
detection.
1.3 Based on the mathematical model of leak detection
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technology

Heating pipe network leakage occurs, can cause heat
medium in the pipeline flow, the change of the
parameters such as pressure, in order to be able to
accurately reflect the change of the hydraulic
conditions, according to the continuity equation, mass
conservation equation, momentum conservation
equation and energy conservation equation and so on
to build the dynamic hydraulic model of heating
network. Solving the mathematical model can be
real-time hydraulic conditions, distribution of flow
field in the pipe network, and comparing with the
measured values, if the deviation is greater than the
normal range, can judge pipeline leak, then according
to the variation of pipe pressure gradient values to
locate the leak point. In order to enhance the accuracy
of mathematical model, need to fully consider when
modeling the temperature, pressure, fluid density and
friction factors on the influence on the hydraulic
condition, according to the given boundary conditions
to solve the mathematical model of hydraulic project
condition. With the expansion of the heating pipe
network, the system is more and more complex, it is
difficult to achieve ideal conditions prescribed by the
mathematical model is established, the influence of
some factors must be ignored, thus solving the results
and the actual value bias, affect the accuracy of the
mathematical model of the leak detection technology.

2.WORKING PRINCIPLE OF THE INSTRUMENT

host

slave

senserl senser2

A L B

The broken =
]

Fig.1 Working principle of the instrument
The leaking sound emitted by the use of funnelled to
reach around two time and leaking sound propagation
speed sensor[1][2] to calculate the leakage distance as
shown in figure 1.

3.INSTRUMENT MODULE DESIGN

led

A .
A/D?OUV | Flltler | The
ersion amplifier sensor

nnsclrlz)gclgr;gft’er b 5402DSP
CPLD 4| RAM
| | :

e FLASH

keyboard
The clock circuit
+ Teset circuit

Fig.2 The principle diagram of the system

3.1 Based on single chip microcomputer module
circuit design.

This system use Rabbit3000 as main control
chip,Through its control LCD display and DSP for data
processing.Sensor[3] collected data after
pretreatment, Through DSP McbspO channel into DSP,
DSP with CPLD mapping connection will Flash Flash
and Ram to the application area, Ram is mapped to a
data area. Detector after startup, LCD display interface
design, DSP to realize parallel way to bootstrap start at
the same time, the Flash program loaded into memory
in fast, through the keyboard control, LCD
implementation of DSP data processing step by step[4],
after Rabbit3000 through the HPI of DSP to DSP
processing data is read into memory, and into the LCD,
it shows that in the interface[5].

3.2 A/D conversion module design

This system chooses ADS8345 A/D conversion chip,
the chip is an 8 channel 16 sampling A/D conversion
with synchronous serial interface[3]. When the power
supply voltage of + 5 v, the frequency of 100 KHZ, the
chip only 8 mw power consumption. Reference voltage
of 500 mv to VCC / 2, at the same time provide a
corresponding input voltage range + VRE. The chip
provides closure model, can be reduced to 15 mu W
power consumption. Low power consumption, high
speed, multiplexing make ADS8345 choice of portable
measurement equipment.

3.3 Data acquisition module design

This system through the sensors to collect data, and
then through the A/D conversion, and then sent to DSP
processing. Due to the sensor collected pipeline
leakage signal is small, so need proper amplification of
the signal, and the A/D converter ADS8345 voltage
conversion range, which is 500 m V ~ VCC / 2. This
system by designing the amplifier circuit voltage
amplification to about 1.6 V, in order to function.

3.4 Human-computer interaction module

Human-computer interaction module mainly
includes keyboard control and liquid crystal display
part, the main parameters of the input, system control,
information interaction, etc. The operator is designed
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to easy to use and manage. Good human-computer
interaction can increase the economic benefit and
social benefit.

4. THE TEST RESULTS

Two sensors installed in the pipeline[6], the distance
of 10 m, leaking from point b 3 m. The total dozens of
sets of data,The processing results in the following
table:

L1 Rl Ly e
1315 015 6 2% -0
AR A NV 1
331 0l B 305 00
& L% M9 2% -0
A LA U N X :

Table 1  Collected data tables

5.CONCLUSION

Heating system leakage detection device of the
actual application shows that the error of the
instrument within the 0.2m, reached the expected
requirements, the scheme is feasible. The instrument
has high reliability, data processing is rapid, the
human-computer interaction ability. Easy to promote.
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Nuclear magnetic resonance (NMR) high-pass filter
design of advanced detection

Liang Shixuan; Wang Hailei; Li Pan

(Jilin university instrument science and engineering institute, Changchun, 130021 )

Abstract--In nuclear magnetic resonance (NMR) to find water meter to MRS signal is very weak, signal-to-noise ratio is very
low, in order to enlarge the signal amplifier saturation, at the same time avoid low frequency interference before active filter
design of the high-order passive high-pass filter, improve the industrial frequency harmonic interference suppression, to
achieve the effect of industrial frequency harmonic filter. Test results can be seen that filter for trough at 1000 Hz, attenuation
of 62.90 dB, between 1000 Hz - 2600Hz is monotonically, 1000 Hz attenuation between 51.16 dB and 62.9 dB, attenuation of

51.16 dB at 50 Hz, 100 Hz attenuation is 53.32 dB.
Key words--L.C high-pass filter

I. INTRODUCTION

IN nuclear magnetic resonance (NMR) to find water
meter industrial frequency of odd harmonics (power
system is composed of bidirectional symmetrical
components, these components of voltage and current
with half-wave symmetric properties, even order
harmonic is offset [1]) cause serious interference to the
extraction of nuclear magnetic resonance (NMR)
signal, affect the accuracy of the signal, results in the
decrease of measurement result credibility, and easy to
make larger low power frequency harmonic active
filter saturation, the inconvenience for groundwater
exploration work. So you need to make low harmonic
suppression, avoid saturated filter before the level.
Design a good choice and bandwidth and performance
can meet the requirements of the filter cutoff frequency
is particularly important. MRS signal frequency range
of 1.278 2.556 kHz, determines the LC high-pass filter
pass band should be in 1-3 kHz range inner band width
should be as flat as possible access to the stop-band
attenuation gradient is as large as possible, especially
in the factory and the second harmonic frequency and
the attenuation of high frequency -electromagnetic
wave to quickly as possible (capacitance and
inductance in series with the structure of passive filter
for the main odd (3, 5, 7, 19) harmonic constitute a
high impedance of the bypass, which for the most
significant inhibition effect of fundamental frequency)
to restrain the interference in the largest extent, prevent
the front-end amplifier saturation, and obtain high
signal-to-noise ratio of the nuclear magnetic resonance
(NMR) signal.

II. THE DESIGN AND COMPARISON OF

Industrial frequency interference

Nuclear magnetic resonance (NMR) water meter

SCHEME

A. The Selection Of Filter Order

Using MATLAB software design filter order, the
results as shown in figure 1.

Wp=1000*2*pi;%Wp-elliptic  filter pass band
cut-off frequency

Ws=900*2*pi;%Ws-elliptic ~ filter ~stop  band
frequency

Rp=1;%Rp-pass band ripple (dB)

Rs=70;%Rs-minimum stop band attenuation(dB)
[N,Wn]=ellipord(Wp,Ws,Rp,Rs,'s"); %N is elliptic

filter minimum order, Wn is filter bandwidth.

1

Fig. 1. The setting results of filter order

The high pass filter can be determined to be at least
9 order.

Using the Filter Solutions, software, the Filter
parameters design: Filter the Attributes set in the Filter
order number is 9, cutoff frequency is 1000 Hz,
pass-band ripple is 1 db, stop-band attenuation to 70
db.
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With the increase of elliptic filter order number, the
closer the stop band frequency 1000 HZ, when the
order is the order of 14, stop band frequency of 995.8
HZ, order, to increase the number of stop band
increased frequency effect is not obvious, so make sure
to choose 14 order elliptic high-pass filter function.

B. The selection of filter circuit

Analog filter is one of the most important part of
electronic equipment. Commonly used filter has
butter-worth, chebyshev and elliptic filter, butter-worth
filter and cut than snow, filter network for all pole,
only in stop-band attenuation with infinite to infinity,
and the elliptic function filter on the limited frequency
there are both zero and pole. Zero and pole, produced
within the pass-band ripple, limited transmission
within the stop-band zero reduced the transition zone,
is extremely steep attenuation curve can be obtained.
That is to say, for a given order and corrugated
requirements, elliptic filter can obtain the transition of
narrower bandwidth than other filters.

http://fanyi.youdao.com/Elliptic filter than
chebyshev filter is further at the same time with the
pass-band and stop-band ups and downs for transition
zone at the expense of the more steep features.
Compared with other types of filters, elliptic filter
under the condition of the same order with the smallest
pass-band and stop-band fluctuations, this distinction
in pass-band and stop-band are flat butter-worth filter,
and flat pass-band and stop-band corrugated or flat,
pass-band and stop-band ripple chebyshev filter. So,
choose the elliptic filter design.

IIL.THE OVERALL SYSTEM DESIGN

Overall system structure diagram as shown in figure
3, when the nuclear magnetic resonance (NMR)
groundwater detectors work NMR signals were
collected through the passive filter, active filter, and
then transmitted to the PC through subsequent
amplification and signal detection.
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Fig. 3. the overall structure of the system

A. The Design Of Test Circuit Board

Schematic diagram is shown in figure 4. Drawing on
Multisim11.0 software circuit principle diagram and
simulation by adjusting the size of the component
values after gradually explore all component values for
the effects of the whole filter circuit to find the
simulation effect is the best began after preliminary
build hardware circuit circuit parameters.[3][4]Elliptic
filter more strict with element parameters, so the adopt
the method of parallel of the original circuit to achieve
the value of the original device.

BUZ1

BUZFER

R3 Q1
PP

§ |

Fig.4. The schematic diagram of circuit

Test circuit board is to use an electrolytic capacitor
with conventional inductor in ordinary welding plate
structures, the hardware circuit. By the simulation
values for each element according to the market the
calibration value split and combination, series
inductance capacitance in parallel way after
preliminary  estimate the required capacitance
inductance, to electronic market with bulk purchase,
and then in the laboratory on the actual values of
capacitance inductance measurement calibration
(market value and the actual value error in 20%), and
marked according to the actual value after different
inductance capacitance matching, one by one to match
the actual circuit of capacitance inductance values for
welding and then complete the hardware circuit.

The effect of the actual circuit and simulation circuit
is a big gap, then in input voltage follower to adjust the
input and output impedance effect test.

B. The Design Of PCB

During testing, we found that the series inductor has
a great influence on the way the measured value of the
inductor, the connection will be the size of the angle
between the two series inductors string at the interface
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between the two inductors and inductance values are
such that the actual 5% ~ 10% of the variation in test
results for the high-pass effect we decided to replace
the ordinary shielded inductor to reduce the impact of
external factors on the inductance value, instead of
aluminum electrolytic tantalum capacitor capacitance
experiments, and characterization PCB circuit board
construction and welding, lifting the overall filter
filtering effect. Fig.5 after welding template.

i
=

E]
[
o7

Fig.5. The PCB board of filter

IV.TEST PROGROMS AND RESULTS

A. Test Conditions And Instrumentation

The analog filter is placed in the shielding case, the
input and output leads, respectively, the access model
MS4630B network analyzer.

B. Test Methods

Setting the starting frequency network analyzer
measurement, and measurement after the cut-off
frequency, number keys to select, press the enter key
input. Scan time can be set 10s, set impedance setting
power to make it consistent with the gain of the current
measurement system, select the default output B is 1M
ohm, exit calibration settings. The probe input (inputs
TA) output (outputs B) short, the right side of the
screen displays the default after the second column
into a measuring changes created, complete the
calibration.

The output is connected to the system measuring
probe measuring system to the input, the input
connected to the probe measurement system to output,
at this time can be obtained amplitude-frequency
characteristics of the system.Key marker, or use the
knob to adjust the knob on the right below the arrow
keys, which can be read at different frequencies to the
gain value.Key format, press the function key to see
the Vice characteristics and system latency
curve.Button scale, then seclect autoscale can
automatically adjust the curve on the screen display

range, It is in the appropriate display interface (Each

adjustment parameters, the network analyzer should be
recalibrated, if not calibration, measurement error will

result, first reading at different frequencies according
to a gain value marker or other key).
C. Test Results

Network analyzer display interface for different
frequencies  corresponding magnitude recorded.
Wherein 50Hz to 3000Hz every 50Hz taken a point
(because the data is too large, it will not listed) and
draw a line Fig.6.

2
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21 vee
| N
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Fig.6.The line graph of test results

Test results analysis: as the inductor, the mutual
inductance between the inductor's inductance value
and the error of the calibration value, tantalum
capacitor of capacitance values and the error of the
calibration value, the influence of such factors lead to
the gap between the measured results and simulation
results, so the next step of work is the first measure
inductance and capacitance, the element parameters
using the method of series parallel configuration
accurately, so as to make the test result is shown in
figure 1 and close to.

V THE SUMMARY

The passive high-pass filter elliptic filter as a model
by the shield inductance and capacitance of the
tantalum. Achieved a significant attenuation of the
signal frequency interference, frequency range MRS
signal 1.278-2.556kHz of a weak attenuation, to
achieve a high SNR gain of function in the case of the
front end of the amplifier to prevent saturation of the
NMR signals , part of the requirements to complete the
subject.

References

[1] (A)Ramasamy Natarajan.Power Capacitors
[M] . Machinery Industry Press , 2007 .
[2] Wangjian Peng. NMR detector analog tracking filter

groundwater research [D].Changchun : Jilin Univertity ,

201



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2016

2012.
[3] Arthur-B-Williams.Electronic Filter Design Handbook

[M] . Yuchun Xuan , Interpret . Beijing : Electronic

Industry Press . 2007 .

[4] Bixiang Yang,Zhu LingDesign and simulation of Passive

Filter [J]. Power Capacitor & Reactive Power

Compensation , 2008,29 (5) : 12-14.
[S] Pengxie Hua ,Zhangdai Run ,Zhudai Xiang .A new method
of passive filter design [J] . Power electronics technology ,

2004 , 38(4) : 29—31.

202



Fan Hua etc.: Design of smart home robot system controller based on Freescale K60

Design of smart home robot system controller based
on Freescale K60

Long Yun; Fan Hua; Dong Kaiyan; Liang Jinfu
(College of instrumentation and Electrical Engineering, Jilin University, Changchun 130022)

Abstract--In recent years, by the pace of life for family environment clean laborious situation, we design a smart home robot
system based on Free-scale K60 micro-controller. Robot uses ultrasonic sensors for automatic obstacle avoidance function, to
avoid unnecessary collisions motion, real-time acquisition by the camera image processing to identify and calculate the angle
and distance of the object from the robot; Hallmark filter algorithm in acceleration makes the dynamic case accurate output
current posture, the angle of rotation for precise control of the robot. Robot uses two degrees of freedom robotic arm to achieve

the object handling. Robot system saves time and effort to clean up debris, and its small body, high efficiency, practical, has a

broad market prospect.

Keywords--Freescale K60; image acquisition and processing; mechanical arm

0. INTRODUCTION

AN environmental cleaning robot as an intelligent
mobile robot practical development pioneer whose
research began in the 1980s, so far, has produced some
of the concepts and product prototypes. Development
of home cleaning robot, led to the development of
home service robot industry. Hitachi in May 29, 2003
should be cloth, the successful development of
household cleaning robots. Early in the 1980s, the
started company SANYO research and development
work autonomy household cleaning robot. October 1,
2002, the Swedish Lax electronics company Toshiba to
jointly develop and cleaning robot "Fallibly special"
sale. " Talibly special" mainly consists of cleaning
machines and ultrasonic sensors at work can be placed
indoors to avoid all kinds of furniture products[1]

In recent years, intelligent cleaning robot products
have been rapidly developed. From the market
performance, intelligent cleaning robots to more than

50% per annul growth and its rate are rapidly growing.

Its market share of sales also improved rapidly from 1%

to 20% [2].A few years of rapid development,
intelligent cleaning robot vacuum cleaner will occupy
half of the market. According to the authoritative
institutions predict that by 2015, smart home robot
market demand at least $ 80 billion market, the market
will grow to $ 250 billion. Ring cleaning robot as a

service robot, has a huge market potential and broad

prospects, and it will bring great convenience.

1. HARDWARE DESIGN

By the body modules, power modules, SCM control
module, motor module, sensor module and camera
module consist intelligent robots furniture hardware
systems [3]. The overall system architecture shows in
Figure 1.

Manipulator module

i

Microcontroller
MK60N512VMD100

Acceleration
Modules

Power Motor drive
<—>
Camera
"1 Module

3 :

Ultrasonic sensors

Figure.1. the structure diagram of baby sleep monitoring
system
MK60N512MD0

controller chip as the core, the use of ultrasonic

The system wuses Freescale

sensors detect obstacles and distance detection, thus

achieving automatic obstacle avoidance.use

MPU-6050

measurement trolley current, real-time feedback, to

acceleration module precise angle
achieve precision car control corner; the robot is
equipped with CMOS video sensor for image
acquisition, processing[4], identify the target object;
manipulator controlled by the controller handling the

pickup target object, the robot returns the final
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destination in accordance with a redetermined route[4].
A. Module Body

Body made of aluminum mobile robot platform,
which is all aluminum 4-wheel drive mobile robot
platforms. This platform can carry a variety of
controllers, drives, sensors, and wireless RF module.
Platform body with a hard aluminum alloy materials,
which has a light
non-deformation

weight, high strength,

characteristics.  Platform power
output type four-wheel drive, a variety of ad hoc
common DC gear motor fixing holes can be based on
personal preferences and tires replace the motor, the
robot easily obstacle, climbing and other
high-performance test[5]. Platform made of high
quality elastic rubber tires, shock absorption, abrasion
resistance, strong grip, etc., can adapt to slippery roads
and rough road.

B.Power Module

Taking into account the need to give the process of
running the robot microcontroller, cameras, motors,
sensors, power supply and other modules, so use 12
V/1300 mA high capacity Ni-MH rechargeable battery
pack to provide strong support for the entire power
system.

C.Motor Drive Module

Using dual H-bridge motor drive control module.
The module uses SMT technology and high quality
aluminum electrolytic capacitors, high stability [6],
when the battery voltage is gradually decreased, still
able to provide a stable voltage output, self-heat
consumption, and high efficiency. Module input
voltage is 5~12 V, own regulator chips that can provide
a stable power supply for the 5 V DC, external
micro-controller or other modules. L298 N driver chip
micro-controller receives a control signal, the motor
reversing, stop operation.

L298N module can drive two 5~30V DC, VDD
module L298 N module, GND ports are connected to
the battery positive and negative; OUT1 output port
module, OUT2 connection left motor positive and
negative, OUT3, OUT4 connecting the right motor
positive and negative; the corresponding module IN1,
IN2, IN3, IN4 port respectively micro-controller 10
port is connected to the control terminal.

D.Servo Module
Steering is by a DC motor; reduction gear set the

sensor and control circuit of an automatic control
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system [7]. There are three standard servo wires are:
power lines, ground control line. In general, it has a
with the
difference that the ordinary DC motor, DC motor

maximum steering angle of rotation,

rotating a circle, but only within a certain steering
angle of rotation, rotation is not a circle. Unable to
feedback
information and the servo can. Servo voltage is

ordinary DC motor rotation angle
typically between 4 ~ 6V, and generally 5V. Input
control line is a width adjustable periodic square wave
pulse signal cycle square wave pulse signal is 20ms.
When the square wave pulse width changing, steering
shaft angle changes, and changes the angle varies in
proportion to the pulse width [8]. Their uses are
different, ordinary DC motor typically powered by full
circle of rotation; servo control is an object with a
certain angle of rotation (for example, joint robot).
E.Single-chip Module

Intelligent robot system uses Freescale's 32-bit
controllers’ kinetis-k60 micro-controller as the core
control processor[9], kinetics low power mixed signal
micro-controllers based on ARM CortexTM-M4 core
with superior scalability, with real-time high and other
characteristics.
F.Motor Module

Using the superior performance of two DC gear
motor 130 as a rear-wheel drive. DC gear motor
control method is relatively simple, just two control
lines to the motor with the appropriate voltage to the
motor turn up, the higher the voltage, the higher the
motor speed. For DC motor speed control can be used
to change the voltage method can also be used PWM
speed control method [10]. DC geared motor with high
reliability, high torque, low power consumption, small
vibration and so on.
G.Camera Module

To detect black objects, intelligent robots installed
on the camera. Black and white and color camera
division two, where the selection OV7620 digital color
camera[l1], since the object to find extract just the
gray screen, without having to extract the color
information, and thus only need to read the black and
white signal. With appropriate external to the
micro-controller chip, this chip should be able to
extract their own camera signal line sync pulse,
vertical sync pulse and blanking pulse to the

micro-controller for control purposes.
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H.Arm Module

Using two servos to achieve requirements. Servo
control circuit board receives a control signal from the
signal line, the control motor rotation, motor drives a

group,
transmission to output the helm, steering gear and the

series of gears transfer the reduction
output shaft position feedback potentiometer is
connected to the rudder disk rotation at the same time,
to drive the position feedback potentiometer[12], the
potentiometer will output a voltage signal to the
control circuit board, feedback, and the control circuit
board to determine the rotation direction based on the
position and speed of the motor to achieve the target
stop. Gripping robot before and after the two servos fit
to achieve, in front of the steering gear turning left at
an angle, thereby controlling the opening clip closed in
order to achieve the purpose of the gripping articles.
Mechanical arm lift is transferred back through a

certain angle servo counterclockwise to achieve.

2 SOFTWARE SYSTEM DESIGN

A.Software Development Tools

Select IAR integrated development tools. IAR is a
Window-based development platform is ideal for
embedded systems development.
B.Design of the main Program

Intelligent Robot smoothly and quickly with high
efficiency and stability requirements of a
corresponding program, this intelligent robot uses a
CMOS

acquisition and processing has become the core of the

camera sensor to find objects, image
entire software, is the second steering and speed
control, the speed control is used robustness good
classic PID control algorithm, using look-up table
servo control mode, with theoretical calculations and
practical way to use the compensation parameters, so
look for things in the intelligent robots achieve steady
and rapid results[13].

Software structure of the system is divided into:
system initialization module, CMOS image data
acquisition and processing module, the main motor
speed control module, servo steering control module,
path identification module. Figure 2 is a block diagram
showing the overall structure of the system software.

System initialization
algorithm module

l

CMOS processing collected
data module

l

Path Recognition
System

Feedbac
L

control

Motor speed > Steering angle

<

Control

Fig.2. Block diagram of the overall system software

From the above chart we can see the beginning of
the program runs through the initialization settings so
that the system is running in accordance with pre idea;
then, CMOS sensors collect data through image
processing, information obtained when the object[14];
at the same time, the measured motor speed module
model car current speed, feedback to the system; and
finally, the current path path identification system
utilization information and current velocity values
make the appropriate treatment, servo motor control
and in an appropriate manner. Program flow chart
shown in Figure 3.

System
initialization

Turn steering gear to the middle
position; Set motor duty than the
initial value is 50%;

=

Cameras have been taken
The signal is processed

Line camera
signal
processing
function

Whether the camera over a frame

The frame signal
processing
function

hotoelectric ranging code disc whethe
ternal interrupt

b
Speed control

subroutine

Figure.3. program flow chart

3 EXPERIMENTAL DATA

Selection 2m square KT whiteboard, set up barriers
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on the whiteboard, the sample will be placed on the
board, to be able to find within the camera range, the
robot will return to the black object identification and
recovery of specific items after the pickup area. Select
the ambient light intensity of natural light in general.
Ultrasonic sensors detect the road. Sensor in the
center front of the vehicle body, the sensor wills the
left and right, the first three obstacle detection
directions is determined routes. When the camera to
identify the object, the body will rotate 180 degrees
and the mechanical arm down to grip the object.
Table.1.the test data sheet

Testing Avoidanc | Find Objects Recovery
times e times objects pickup times
times times
1 carry out | carry out carry out carry out
2 carry out carry out carry out carry out
3 carry out carry out carry out carry out
4 carry out | carry out Error Error
5 carry out | carry out carry out carry out

4 SUMMARY LANGUAGE

In the design of smart home system hardware
options on each system module selection is reasonable,
economical and practical, high-level language-based
control software developed feasible and efficient,
excellent overall performance of the robot, the
successful implementation of the automatic obstacle
avoidance and object recognition capabilities. This
innovative project for college students to establish a
kind of robot development platform, while changing
the learning mode, to stimulate student interest in
learning, improve the students' practical ability,
thinking ability, and comprehensive application ability
of scientific knowledge, but also to verify student
learning a powerful tool effect.
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The matched filtering based on Curvelet transform

LiShengwei; LiHaoyang; LiuJiwei

(College of Instrumentation & Electrical Engineering,Jilin University, Changchun 130026 )

Abstract--Along with the progress of the modern compression perception technology, the means of solving the sparse

inversion under the restriction of rapid development.Curvelet transform is in recent years the development of a highly sparse

transform method, can use signal transformation after the sparse feature, with less data to reconstruct the complete signal, so

the Curvelet transform is more and more widely used in seismic data processing.First of all, in this paper, the noiseless and

seismic data of containing gaussian white noise, using the algorithm of FISTA Curvelet domain fine scales of seismic data

matching, higher waveform consistency, and the noise is suppressed.Secondly, based on sparse constraint inversion principle,

will be matched filtering, lack of seismic data interpolation and gaussian random noise suppression problem together,

calculated by iterative algorithm to solve the above problems, the matched filtering result of high SNR, and greatly improve

the computational efficiency.Finally, the article of this new method is verified by practical data, obtained the satisfactory

results.

Keywords--Curvelet transform; Matched filtering;Seismic data processing;sparse

I. INTRODUCTION

IN seismic exploration, the seismic data of different source
limited by matched filtering method, the seismic data after the
matched filtering is still many differences in low resolution and
low signal to noise ratio[ 1];0r matching processing hierarchical
fuzzy appears after the old and new seismic data, seismic
attribute parameter extraction is difficult.Affected by external
factors such as construction condition, field seismic exploration,
the effect of different seismic data splicing, increased the
difficulty of the seismic data matching processing.Signal to
noise ratio of seismic data processing, the resolution has been
restricted by these problems, in order to solve this problem is
proposed in this paper a new method for seismic data processing
matched filtering[2].

To solve the above problems, Wiener (1949) put forward the
method of least square matching filter gives the effect of the
seismic data processing must be improved.Berkhout (1977)
proposed the least squares filter and wavelet deconvolution
matched filtering processing.Random spread of mathematics
application and development of computer technology, Rick
Wallace (1992) put forward the issue of filtering and achieve
high resolution.Wiener filtering method based on minimum
error energy, jin-xing cheng (2004) put forward such as matched
filtering method of wavelet domain fine scales, at the same time
when applied to move the earthquake (jinlong, etc., 2005)[3].In
recent years, might (2008200) proposed the Curvelet matched
filtering and matched filtering method is used to separate

Groundroll wave.Long (2013) proposed the wavelet domain

optimal norm matched filtering, improving the precision of the
matched filtering and suppress random noise[4].

In this paper, based on Curvelet transform seismic data of
Curvelet domain matched filtering is proposed.Because the
seismic data is all kinds of interference, low signal-to-noise ratio,
the earthquake loss way, and the problem of insufficient samples
which restricts the matched filtering precision.First, this paper
has no noise and noise data on the matched filtering method
based on Curvelet domain of FISTA algorithm, match after
seismic data to achieve the high precision waveform, amplitude,
phase consistency[5].Secondly, application of Curvelet
transform, filtering, lack of interpolation and the random noise
suppression problem into account, by FITSA algorithm deals
with the influence of three aspects at the same time, in
improving the signal-to-noise ratio at the same time greatly
improve the efficiency of the seismic data processing[6].In the

end, this new method are verified by practical data, achieved

satisfactory results.

II. FUNDAMENTAL

A. Discrete Curvelet transform principle

Based on Curvelet transform, Candes (2006) proposed the
more popular a new generation of Curvelet transform
algorithm[7].For sparse discrete Curvelet transform, defining

window function: radial and point of view, among them,
r e(y,Z) ste[-L1] o W(r) i V(t) meet the permissible

conditions as follows:
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iWZ(z"r)zl,re(3/4,3/2) ...... (D

Jj=—0

ZV(t—l)—IZG( 1/2,1/2) ...... 2)

Jj=—0

For each frequency in the frequency domain definition window
is as follows:

U,(r.9) —23"”W(2’f)V[2ng ......... 3

2

The integer part. W And ¥ support of the limit support interval,
get the feature of wedge conforms to the scale of the

anisotropy.Assuming that atomic frequency expressions for

$,(0)=U (@), if known scales ¢, , then through the rotation
and translation, can get the Curvelet other 27/ scales.Set

interval sequence of rotation Angle 6, =272V 1 is a

positive integer or zero, 0 <@ <27z ;translation parameters

k=(k.k,) e Z*[8].
Above all, define the directiond, , scale 2™/ and translation

parameters (k;,k, ) of Curvelet is:

b1 (x):qﬁj(RH/ (x—xij'k))) ............ 4)

(7)) — p-l - -jl2
D = RV (k27 k2
Among * ” ( ! : ) » Rotation for R, and o o

Curvelet transform can be represented as:

(k) =(f+8,00) = | o (1 ()

...... (5
t,t,1,0<t,t, <
Through the cartesian coordinates flot)0s bt <n for signal
input, The discrete form of the Curvelet transform is a:
clibk]= 3 Sltb 4,.14l0:12]
Oshon<n 6)

¢j,1,k[t1 ’tz]

Among them is Discrete Curvelet transform, Because

of the Curvelet transform is implemented in frequency domain,
so no specific expression.
B. Curvelet domain matched filtering and the interpolation
principle

Through the t - x matching problem in the process of spatial

data reconstruction:

A is inverse matching operator and can approximate is known;
X is model, usually to match data; b Is the observed data, which
is to match the data, it can be divided into signal and random
noise effectively.In the treatment of the random noise of period
X b

along with the noise generated by the observation record;In

of time, A as the operator matrix, ** is without noise data,
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dealing with missing under the condition of the interpolation,

X expressed as is lack of the seismic data gathers operator, b s
the complete set of data, for the missing set observation

records..In the above situation, 1 is expressed as the unknown

noise data.Collect A and physical significance in table 1.

Table 1 Equation (7) the physical meaning of A and b
Matched To suppress Missing the
filtering random noise interpolation
Matched Contain ingrand om The missing
filtering noise matrix factor matrix
operator matrix
Refer to the Data contain in Missing
seismic data random noise gathers
the data

Normally affected by noise and exploration conditions of
linear problem solving diverse solution will exist, can reduce the
multiple solution applied regularization method.The optimal
matching processing on the point of view of information theory
is a matter of underdetermined equations, Chen (2001) proved
that in theory, reconstruction of sparse modeling effect is
optimal[9].With the development of compressed sensing
technology, sparse constraint inversion method (Malioutov,
2005; Berk, 2009) has been developing rapidly.In this paper can
be used to convert the data to the Curvelet domain into a sparse
data, equation (7) can be converted to type, just put the

minimum objective function J , the solution can be obtained:

J =[] + 2m]

.................. (8)
M as the formula (6) in the Curvelet domain in sparse
coefficient, D=A4R and R is X ‘sCurvelet inverse

transformation, namely, * = Rm 2 35 1.1 control constraint and

L2 error term weight between regularization parameter. Equation
(7) is the curvelet domain for solving sparse coefficient[10] t.As
a result of the equation (7)’s D can be used by AR, said can
list:

J=|[ARm =B + A, e D)

This article FISTA method (Berk, 2009) to solve the equation
(8).As a kind of effective algorithm to solve the problem of

linear inversion, FISTA has fast convergence rate, the

advantages of fewer iteration times, greatly improve the

computational efficiency.FISTA solving process is as follows:

Step 1: 5, = x, and ¢, =0

Step k :

X = Soﬁ(xk—l + lAH (b- Axkfl)’lj’
a a

1+4/1+4¢ (10)

Lo = 5 s e

t
_ k-1
by =x+ (xk _xk—l)'
tk+1
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soﬁ(x,t) is defined as a soft threshold, when the input x is

plural, make x = ze'” .Soft threshold can be represented as:

(z=1)e"”, if z>t

0, if z<t¢

soft(x,t) = {

FISTA algorithm has fast convergence rate and easy to
implement, and the plural operation is also included, extended
the scope of use.

C.Synthetic seismic data

Different wavelet convolution model represents the s or
different source seismic data.Sub wavelength is inversely
proportional to the time resolution, and its ability to distinguish
thin layers are different[11].In this paper, we used two types of
wavelet for synthesis of convolution model.In order to prove the
effectiveness of this method, the selection of seismic data
containing thin layer.With a low resolution of time, the
minimum phase wavelet as the matching, high temporal
resolution for reference.

Model thickness is 400 ms, a total of 45, two types of wavelet
length is 140 ms, thin layer thickness for 140 ms.Multi-scale
decomposition of the model, because the model in this paper is
small, thus only break down the three dimensions of Curvelet
transform.Figure 1 (a) are the convolution model of minimum
phase synthesis.Figure 1 and figure 1 (b) (c) is the convolution
model for the spectral analysis of amplitude spectrum and phase
spectrum, it is about 10-80 hz frequency range.Effecting factors
of wave type, the convolution model of the ability of distinguish
between wedge and thin layer is reduced greatly, brought
inconvenience to the subsequent processing and interpretation,
therefore will receive minimum phase wavelet convolution

model for matching.
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By zero phase wavelet convolution with the data of 1 of the
same reflection coefficient, with 45 zero-phase seismic data
records, as shown in figure 2 (a).Amplitude spectrum for
spectrum analysis of the data 2 in figure 2 (b) and the phase
spectrum figure 2 (c).The figure shows that seismic wave in
10-80 hz frequency range, figure 2 (c) phase and figure 1 (c)
differ from that of the phase, is nonlinear spectral lines.Because
of high temporal resolution of data 2, as a reference for seismic
observation data, provides the follow-up observation data

processing and interpretation of convenience[12].
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Figure 3 (a) is the Curvelet domain after FISTA calculating
matching seismic section;And phase spectrum amplitude
spectrum figure 3 (b) in figure 3 (c) is the result of spectrum
analysis matched filtering.Compared with 2 reference seismic
observation data analysis, we can get FISTA calculated seismic
observation data of amplitude, waveform and phase of high
consistency[13].So prove sparse constraint matching norm has

the very good effect.
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In seismic data of practical exploration, there are often some
noise.Data 1 and 2 on the gaussian white noise, so as to better
simulate the actual situation.Figure 4 (a) after adding noise data
1 waveform figure, called the simulated data 3, PSNR is 7.45
dB.And phase spectrum amplitude spectrum figure 4 (b) in

figure 4 (c) is 3 spectrum analysis of simulation data generated.
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Figure 5 (a) is after joining noise data waveform in figure 2,
PSNR of 1.09 dB, referred to as the simulated data 4.And phase
spectrum amplitude spectrum figure 5 (b) in figure 5 (c) is to
join the noise spectrum analysis of the data generated.Due to the
data of 4 types of zero phase wavelet and high signal noise ratio

(SNR), as a reference for seismic observation data, so to have a

better ability to distinguish between wedge and thin layer

Trace Number

IS
wn

Time(ms)

0.2 500

-500

0.1 -1000

Normalized Spectrum Amplitude
Phase in degrees

-1500

0.04 -2000
0 50 100 150 0 50 100 150

Frequency(Hz) Frequency(Hz)

Fig.5 Simulated data 2 additive noise Seismic section(a)
Amplitude spectrum(b) Phase spectrum(c)

Figure 6 (a) is to add noise simulation data of 3 Curvelet
transform is matched filtering results, through the spectrum
analysis to get amplitude spectrum and phase spectrum (b)
(c).Compared with simulated data 4, waveform of high
similarity, PSNR to 26 db.Comparing the amplitude spectrum

and phase spectrum, they also have very high consistency[14].
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Missing data is 5 to 3 random data 40%, so as to better
simulate the actual situation, as shown in figure 7 (a), the
signal-to-noise ratio of 5.75 dB.Amplitude spectrum 7 (b) and
the phase spectrum 7 (c) is the results of spectrum analysis of
the data of 5.

C. Real seismic data processing

This article selects a particular area of seismic data from the
same place, the observation data of 70, select a depth of 500 ms
to 1000 ms, sampling time is 2 ms, spacing is 12.5 meters.The
1995 earthquake data as shown in figure 7 (a), it can be seen
that the seismic data exist a lot of noise, increased the difficulty
of the matching process;The 2007 earthquake data as shown in
figure 8 (a), seismic event can be seen from the diagram is still
relatively continuous, convenience is provided for subsequent
processing and interpretation of data[15].

In order to verify the Curvelet domain interpolation and
matching, the effect of different s in the two groups of the same
place matching processing of seismic data[16], interpolation and
matching results more clearly.Through the test, select four
layers Curvelet decomposition, select 16 scale can get good
results.Matching with the interpolation results are shown in
figure 11 (a) below, with 10 (b) the difference between the
profile as shown in figure 11 (b).Through 11 figure we can get
the Curvelet domain interpolation and matching can obtain

satisfactory results in practical data processing.
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Design of double layer PID control four rotor
aircraft based on PID algorithm
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Abstract— In order to improve the shortage of our domestic civil aircrafts which have huge ground base stations, operate

difficultly and have a single use, aerial four rotor aircraft are designed which can use the APM software as the core, position

navigation point based on GPS (Global Positioning System) and realise real-time image transmission. The core of flight control

applys double PID control. The output of aircraft pitch Angle, roll Angle and gas are realised through the first stage PID

system. The speed of control motor in the second stage PID system control the flight direction. At the same time, determination

of course is realised through the application of GPS system. Then these input to the second stage PID system and the

translational displacement x, y, z are corrected. Onboard cameras in four rotor directly input ground station via wireless

connection. Test results show that the aircraft fly smoothly between destinations set by mobile phone. The distance of aerial

images and data transmission is 200 m and mobile phone can be used to carry on the flight mode switch as a ground station.

key words—Four rotor aircraft PID adjust parameter GPS system

I. INTRODUCTION

THE four rotor is a kind of unmanned aerial vehicle
with special structure. Compared with the fixed wing
aircraft, it is small in size, can be vertically take off
and land, strong mobility and load capacity, and also
can quickly and flexibly maneuver in all directions.
Therefore, it is particularly suitable to carry out
monitoring and investigation in the indoor, urban and
forest areas, and it has good prospects for military and
civil applications[1].

The design of autonomous flight control algorithm
has been one of the most concerned problems for many
researchers in the field of control. The classical control
strategy is that system model is usually linearized at a
particular point in the aircraft system, and then the
classical control theory is applied to the analysis and
control of the system. This control precision and
control ability is weak[2].

Four rotor aircraft is still in the initial stage of
development in China, but in foreign countries has
become a hot spot of research in various universities.
As early as January 1921, the United States Army Air
Corps, George de Bothezat and Jerome Ivan signed a
contract to jointly build vertical aircraft[3]. A team
from the Swiss Federal Institute of technology studies
the angular velocity and altitude control of the four
rotor aircraft. In the aircraft system dynamics
simulation, they chose the LQ control method, and the
final result is not very ideal. One possible reason for
the poor representation of the LQ controller is that
dynamic characteristics of drive design is not
considered the transfer function of the system[4].

Today four rotor aircraft has been put into commercial
and military fields, and achieved remarkable results[5].
At present, a foreign representative research: the MIT,
Stanford University, University of technology of
Compiegne, Japan Chiba University[12].

In fact, the PID control is more effective when there
are errors in the model[6]. So we use double-layer PID
control where the overall control is divided into inner
ring (attitude) control and outer ring (flight position)
control to make the aircraft fly to a fixed position and
remain stable. Then the smooth transmission of aerial
images and flight parameters are needed to enter the
mobile phone ground station.

II. THE STRUCTURE AND FUNCTION OF FOUR ROTOR

HELICOPTER

A. Architecture of the four rotor aircraft system

The main structure of the aircraft is a "X" type. The
primary flight control system, GPS positioning system,
a wireless control radio, image transmission system
and flight dynamic system were added on the basis of a
balance of physical.
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Fig.1. The system architecture of aircraft
B. Hardware of Four Rotor Aircraft

Flight control board of main control chip
Atmegal280/2560, the chip can control all working
group of the flight control panel software. When
selection mode will be setted, the PPM decoding chip
will be used, namely Atmegal68/328. The chip can
monitor mode channel PWM signal, and then we can
switch between the manual mode and other modes
(such as cruise landing mode) and improve the system
security. The functions of other chips including air
pressure gauge BMP0O85 and AD ADS7844 chip are
respectively to measure pressure to convert to the
specific height, to  convert the analog voltage
provided by measuring device into digital quantity for
subsequent calculations.

In order to make the aircraft flying smoothly, we
need an inertial measurement unit. The unit includes
two-axis gyro, single axis of gyroscope and three-axis
accelerometer. These a few parts can measure the
three-axis angular velocity and triaxial acceleration,
and cooperate with the direction data measured by the
triaxial magnetometers or GPS to correct, realize the
direction cosine algorithm and calculate the aircraft
attitude.

Lea - 5 h signal of GPS module will be used for
GPS orientation correction. This module can measure
plane information such as current longitude and
latitude, altitude, direction of track and the speed. In
addition, three axis magnetometer module can measure
the aircraft's current heading

214

Fig.2.The hardware structure of aircraft

C. Physical Model of Four Rotor Aircraft

The body structure of the four rotor aircraft are four
motors, so there are 4 kinds of input forces. There are
six kinds of state of single output, so it is a kind of
vertical elevator with six degrees of freedom. In the
process of aircraft flight, some external force will form
the interference. In symmetrical motor rotation, the
spiral effect and aerodynamic torque effect were offset
and aircraft can fly smoothly. When the rotor through
the axis of rotation by the engine drive to rotate, rotor
give applied moment (or torque) to the air, creating a
opposite torque. Its size is associated with the rotational
speed of motor. Only when the speeds of four motors
are not completely equivalent at the same time, the
opposite torque will make the aircraft rotation. In order
to overcome the opposite torque, just we should make
sure that each rotation direction of rotor on the
diagonal is the same and one group forward, other
group reverse[10].

The basic viewpoint of modeling is that the aircraft
will be regarded as a rigid body, and then we can build
Newton - euler equation about three translational
displacement of a rigid body X, y, z and three rotational
displacement ¢,6,y . By x, y, z and ¢ as a set of control
output, we can calculate the other two values when
the system is in zero Angle stability[6].

Td

E A

Fig.3. The principle of the four rotor aircraft flight

III. FLIGHT CONTROL OF FOUR ROTOR AIRCRAFT

A. The PID Control Algorithm

According to the dynamics analysis, four rotor
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aircraft system itself is unstable[11]. Therefore, the
control algorithm is particularly critical.

PID control is a very common way of automation
control. PID represents the proportion, integral and
differential respectively. In APM flight control system,
we use the sensor to collect the flight information as
input of the system. Then, we calculate the output
according to a specific formula and control the system.

In the process of discretization PID, T is as the
sampling period , k as the sampling sequence number,
discrete time k x T is used for standing for the
continuous time T, summation form replace integral
form of continuous time

and the incremental form replaces the differential
form of continuous time[12].

t = kT
[le d=~TY e GD=TY e,
=0 j=0

de(t) e(KT)—e[(k—-1)T] e —e,
dr T ST

Typing into the time domain equations of PID
controller, we can get the discrete PID expression.

T < T,
U, =Kp[ek+FZej+7(ek—ek_l)]+U

1 j=0

Among them, Ki=KpT/Ti is integral coefficient. Kd =
KpTd/T is the differential coefficient. T is the sampling
time. PID control principle block diagram is shown in
figure 3[10].

Senor
acquisition
angular
velocity data

Angular Actual
angular
velocity
value

Fig. 4. PID control principle

B. The Realization of The Flight Control

Four rotor aircraft will be controlled by the onboard
computer and ground computing system processing
data transmited by sensors and cameras[10].

The double-layer PID control system is set in
primary flight control system. The first level is mainly
used for navigation, the second level is mainly used to
control. According to the external rotation
displacement ¢, 0,y, the program of the first level PID
system can calculate pitching Angle, roll Angle and
the throttle needed by the flight. The data output to the
second level PID system. It outputs a translational

displacement X, y, z used to control motor speed, in
turn, control the flight direction to ensure a smooth
flight.

Four rotor aircraft landing is as a example. Before
landing four rotor aircraft will hover in the position of
the distance from the ground about 1 m and then apply
a certain velocity to land. This the real-time speed
through sensor is the value of P. The more P value,
the greater the aircraft land more quickly, but more
risky in landing; and if P value is smaller, the landing
distance control will be more accurate, but down time
is longer. This kind of contradiction will be solved by
setting the D value. The function of D is to "brake" the
landing of the four rotor. At the time of gradually close
to the ground, D will affect the rate of aircraft landing.
If the speed and distance will be used to create a
coordinates, only under the influence of p is a straight
line. While under the influence of D, will be a curve.
For the four rotor aircraft landing, the introduction of
D will make the speed of plane close to the ground is
very slow. I is used to eliminate the error. Also for land,
if the landing is off the 5°, then I will record this
change, in the next land would be ahead of the recent
land of 5°. For the flight, I coefficient is of great
significance for the aircraft's smooth flight. If not 1, is
likely to be out of control in the process of aircraft
flying in the side.

0

T aim
1
ondy P action
I PD conjunct action
‘\_'"“‘-‘—-__,__\ t/'s
0] =

al 10

Fig. 5. PD landing control
In terms of effect, PID, respectively, represents the
sensitivity, accuracy and smooth degree.

C.GPS Application in Flight

Set the plane flying target, this is the GPS system in
a flight control chip. GPS system can provide the local
latitude and longitude of the plane and target
destinations of latitude and longitude. After system
calculation to the point of view of target navigation
target bearing for wvehicle navigation. When the
aircraft flying according to target bearing will have
error on the route. This is drift away from production.
When drift distance, the system will automatically
calculate the drift correction. Finally, the target course
Angle and yaw correction of navigation course Angle
nav_bearing, provide second-level PID system.
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In addition, the GPS system is also one of the four
rotor aircraft insurance system. Only when the vehicle
GPS and ground station GPS positioning, the plane is
allowed to unlock.

IV. MEASUREMENTS AND RESULTS ANALYSIS

A. Flight Control Mode Selection

In practice, there are two kinds of APM control
flight mode, one is based on the speed control, one is
based on the height of the flight control.

When based on speed control, such as the plane did
not climb to the due height. Fhe first step of flight
control board will be to increase on the gas control.
The speed of aircraft increased. After then flight
control system drag the elevator, leading to elevation in
hight. When rise to a predetermined height, due to
higher space velocity, elevator has continued to lift, at
the same time, the gas reduced. Until airspeed below
reservation, the elevator will be boosted, the plane
hight will be down. The condition of landing in
contrast. This mode is with safe flight. When the
engine is affected, it will land according to the speed
control.

Based on the height control, for example, aircraft do
not climb to the due level. According to the
calculation of PID system, their own height and target
height, flight control board will calculate a pitching
Angle. The plane flew to the target height. Due to the
change about the height of aircraft, space velocity
would inevitably have change. So the throttle control
makes the plane's airspeed close to its target airspeed.
Reduce throttle when faster, step on the gas whens
lower. This mode, the plane control more flexible,
control of the height is more accurate.

In practice, because the height control lead to
multiple occurrences of machine down. We finally
adopt speed control mode. In speed control mode, the
aircraft's flight lag behind compared with the
instruction of ground station, but the flight is smooth,
easy to operate.

Speed

yfm / control

]Uﬁ——*'-A\JA‘_——c:
/ height
Height % /
/

control

stable

2 4 6 tfs

Fig.6.Speed control and height control
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B. The Choice of Operating Mode

In terms of the operating system, flight control has
three kinds of control modes, namely, manual control,
electric balancing and autopilot operation. Manual
control, signal is made by remote control. Aircraft will
be controlled by hand; Autopilot is operation
automatically by system , the operation of the station
can only make disturbance effect on the plane. For
the sake of safety, manual control with the highest
priority, self-driving with lowest priority.

In practice, we priority automated driving. After the
setting of waypoint in mobile phones, aircraft will fly
automatically and at the same time process aerial,
images and data transmission. At the same time, we
select manual mode with higher priority as backup
protection. In order to reduce the difficulties about
manual mode of operation, including the control of the
gas, elevator and aileron. These are firstly corrected by
the first stage of PID system and prevent the
occurrence of a cartwheel aircraft, stop runaway
conditions.

C. Aircraft Digital Receiver

The four rotor flight vehicle adopts 3 drobotics radio
and then make aircraft connect with the ground
terminal (mobile phone). Among them there are USB
interfaces on the phone radio, through the
transformation in FTDI transmitter, machines can be
controlled.

In practice, controlled aircraft will be connected to
the phone, we can directly observate the system status
and flight parameters of aircraft through mobile phone.

TABLE 1
SYSTEM STATE OF AIRCRAFT

Speed, current output and actual current

Speed (r/min) | Current output | Actual current
3042 31 2.11
3522 36 2.89
4063 95 5.43
4375 122 6.02

When the speed reaches to 4000r, aircraft will fly
smoothly and began to hover. According to the attitude
Angle in stable hover we can try to change the PID
parameters to adjust its stability and eliminate the
overshoot.
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Fig.7. The six state variable output curve of vehicle

In the end, the overshoot of craft will be
eliminated. The rise time is 2.45s, stability time is
1.94s and the error is less than 0.01 s. Aircraft can
quickly stable at zero point. It is crucial for aircraft to
perform a task. When four rotor aircraft close to target
objects to collect data, it can effectively prevent from
contacting with the target object. Short rise time and
stable time is important basis of four rotor aircraft
tracking control.
D.The image receiving aircraft

Using a dedicated video acquisition, image
compression and wireless transmission system. System
is mainly divided into model aircraft systems (airborne)
and ground (ground receiver) two parts, model aircraft
system requirements acquisition device installed on the
aircraft model aircraft fuselage, complete the video
acquisition, image compression, digital transmission
ways in the form of PZP complete the wireless image
transmission. Ground system on the ground using
screen as the main body, with wireless data receiving
device to complete video accept, decompression,
preservation and display of work.

Measured in the aerial effect as shown in figure 8,
more clearly shows the actual image, achieve the result
of a default.

Fig.8.the fly effect in screen

V. CONCLUSION

The design of double-layer PID control four rotor
aircraft based on PID algorithm realise that aircraft can
automatically output the position information and
parameters srates of systems in according to the data
imported by sensor. And data connection is stable and
reliable. Because of application of small ground
station,aircraft fly automaticly and stably, real-time
aerial monitoring can be realized. Through the mobile
radio, the setting of free navigation point and
colloction vehicle location data in real-time GPS
module can be realised. So functions of small four
rotor aircraft is more comprehensive. The setting of
free navigation point in the four rotor aircraft do a very
effective supplement for existing large ground station
and further expand the application range of small
aircraft.
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The LCR tester based on LabVIEW software
system design
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Abstract--Based on virtual instrument technology, we design a kind of hardware circuit based on LabVIEW software of

virtual instrument LCR.Classical method of measuring the LCR impedance tester uses free axis method, realize the

measurement of the parameters to be measured.This paper focuses on the design and implementation of software design of

each module and the host computer program|[1].We use graphics to realize the data processing and interface design of virtual

instrument software development platform LabVIEW, and CLF by calling dynamic link library node, communication between

the upper interface with the hardware.The design of its hardware system of making a useful exploration for the test method

based on virtual LCR VIETS instrument, and achieved good results.Through the actual test results show that the actual test

results show that the system has the advantages of simple operation, strong practicability, high precision, and can be widely

used in teaching and industrial areas, and has a certain application value and promotion value, suitable for laboratory and

other fields.

Key words--virtual instrument technology Freedom axis method LabVIEW  LCR tester

0 PREFACE

AIMING at the front of the virtual instrument and
automation, this paper designs a set of LCR testing
system, which includes signal generation, data
acquisition and analysis, which is applied in the field
of experiment teaching and so on. Software platform
using graphical virtual instrument software LabVIEW
development[2]. The software is intuitive, convenient
and flexible, and it can keep pace with the
development of computer technology. To achieve in
the work convenient and fast for the required passive
basic components, resistance (R), capacitance (C) and
inductance (L) for accurate and high-speed
measurement.

1 THE OVERALL DESIGN OF LCR SOFTWARE SYSTEM

Figure 1 is the overall structure of the virtual LCR
tester. Virtual LCR meter using parameter free axis
method of measuring resistance, inductance,
capacitance and so on, also can be in different
frequency excitation signal measuring resistor, inductor,
capacitor series parallel combination of impedance,
admittance, dissipation factor D physical quantities[3].
The design of LCR tester can be divided into three
units, which are signal generating unit, data acquisition
unit and bus interface communication unit. The
functional block diagram of the LCR tester is shown in
Figure 1.

Application program using LabVIEW graphical

software development, LCR meter driver and USB
controller drivers with VC6.0 development, and
hardware operation command package function, to
dynamic connection library supplies use the program
to call[4]. The software design of LCR testing
instrument mainly includes two parts, the front panel
and the back panel program block diagram of
LabVIEW. Front panel that is the user interface, the
definition of a variety of controls, set the instrument
parameters and display the measured data. The
program block diagram is used to control the data flow,
and the data is processed [5].
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Fig. 1 the overall structure of LCR tester
1.1The test principle of free axis method
The free axis method uses the microprocessor to
carry on the vector operation directly. The principle
block diagram of free axis method is shown in Figure 2.
Figure 3 is the vector diagram.
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computer
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Fig. 3 vector graph of free axis method

The coordinate direction of free axis method can be
chosen arbitrarily, that is, the phase reference of phase
sensitive detector can be chosen arbitrarily. Through
the multi-channel switch to select and, by the phase
detector to detect and in the X, Y axis of each
projection component.In order to get the vector voltage
corresponding to the component of the orthogonal
coordinate axes, the accurate phase difference is
needed for each or two measurements. It is required
that the phase generator can generate the waveform
control signal which is strictly different from each
other as the reference voltage signal of the phase
sensitive detector. By the front-end circuit of 2-4
analysis:

Zx =- Ux ’ Rs

U (GD)
U=UrU=dN+N)
U=Util=dN+N)

Type, respectively, in and the direction of voltage
component, corresponding to the digital quantity,
respectively in and the direction of voltage component,
corresponding to the digital quantity; calibration
coefficient for the A / D converter, namely each
number represents the voltage values.

By formula (1) ~ (2) available:

U _UYn+iUy _N+-N, _(NNHNN) - (NN
U U+l N+HN, NN NN

Therefore, directly through the calculation of the
N, N, N; N

4 these numbers can complete the

vector division operation, and the measured

impedance.
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1.2. LCR software system algorithm based on free axis
method

In 1.1, through the hardware circuit to get the four
component A, these numbers can complete the vector
division operation, and the measured impedance. It can
be extended to find out the value of the main
parameters and the auxiliary parameter values. As
follows:

Table 1 capacitance, inductance and resistance of each

equivalent circuit formula.

Main parameter Secondary parameter
parallel o 1 " N,N, -N,N, Dx= N\N;+N,N,
connection (C) wRs NP +N,? NN, -N,N;
series 1 N2+ N2
connection(C) s e 5

@Rs  N,N,— NN,

parallel Lp=Ex N +Ny QI:M
connection(L) ® NN,-N,N, NN, + NN,
series . Is =E)‘_ N1Nf ’N:fva
connection(L) o} Ny +N;

arallel N2+ N,? N,N;-N\N,
o ion(R) Rp:—Rsx% Qx:%
connection NN, + N,N, NN, + N,N,
series R‘s=—RS><N1N3+N3N4
connection(R) N+ N}

2 LABVIEW SOFTWARE FRONT PANEL DESIGN

The soft panel of LCR tester is realized by graphical
programming software LabVIEW, and the user
interface is friendly. The data transmission of the
system 1is realized through the serial communication.
Workflow software: in the VI program, first choose a
name for the visa, set the baud rate, set the data bits
and the serial port initialization operation, and then
start the equipment. According to their own needs to
send the test status command[6]. Hardware system
receives commands to complete the corresponding
action, and the collected data through the serial port to
the computer, the application software for data
processing, analysis and display and other functions[7].
The software interface of the LCR tester is composed
of two parts: the instrument test setup and the test
result, as shown in Figure 4.

2.1 Instrument setting test interface display

Mainly contains the instrument test start button, the
instrument status, equipment slot number, the
excitation signal frequency, the excitation signal
amplitude, the bias.
2.2The test results of the instrument display part

LCR instrument test data display part, including
inductance quality factor Q, capacitance loss factor D,
reactance x, electric nano B, conductance g, the
impedance, Z, value, conductance values, y, and
impedance phase angle alpha, admittance phase angle
beta, parallel equivalent inductance LP, series
equivalent inductance Is and parallel -efficiency
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capacitance CP and series equivalent capacitance CS,
equivalent parallel resistance RP and series equivalent
resistance (RS).

o B0 B0 o |

s cRs (@

ool "B
o s o " o | B0 ||

Figure 4 LCR test interface front panel
3 DESIGN OF INTERNAL PROCEDURES

3.1 Progress design

First, because the data is transmitted through the U
port, the test is relatively slow, add the progress bar to
display. As shown in figure 5:

BT 3

Elapsed Time (s) 3

plizz
e

Figure 5 progress bar program

When the main interface point began, the progress
bar began to record time, at the same time the progress
bar to start reading, when the measurement error
occurs, showing a variety of errors.
3.2 Measuring element judgment module

When the measuring element LCR tester to choose
the wrong time, will automatically select which one
should use the measuring element. For example, when
the resistance 1is selected as the capacitance
measurement, will determine the components for
resistance. The program is shown in figure 6:

I —
if (-5<a<5)
u=2

if (2>5) EI N
'3:|u:0;

if (a<-5)
u=l;

N

Figure 6 measuring element discrimination program
3.3Interface resistance, capacitance, inductance value
display program

We will be based on the universal LCR testing

instrument, identified only two mouth, showing the
measurement of parallel equivalent, series equivalent
data. The program frame is shown below in figure 7:

0, B~ - L laia =

Fig. 7 LCR measurement results and unit program

3.4Test data to save a key

The LCR test value, easy to analyze and deal with
the test data, we set up a test data storage function. I
saved automatically to the d:\ document \LCR\LCR .xls
document. Save the time to test the data, and test data
for the various results and units. The program is shown
in figure 8:

:

T

ETERER

b SDRETE(s)

i cAzEmAm\en LCRs]

Figure 8 test data save
3.5Automatic selection of standard resistance function.
Due to the selection of standard resistance, for
measurement will cause unnecessary trouble, selection
error will cause deviation of the measured values, this
design improved resistance standard, according to the
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test procedure, automatic selection of the most
appropriate standard resistor in the internal procedures.
The measurement results more accurate. The program
is shown in figure 9:

2= (2RO

Figure 9 Automatic selection of standard resistance procedures
4 CALCULATION RESULTS AND COMPARISON

In order to test the reliability and practicability of
the program, the L, C and R values are measured, and
the results are as follows:

Table 1 Results of inductance, capacitance and resistance

Nominal This instrument Measureme
value test result nt deviation

10uH 10.3741 0.3741

indu T 0wl 102.513 0.2513
ctance(L)

10mH 10.5665 0.5665

10pF 10.5617 0.5617

100pF 98.4377 1.5623

capa InF 0.99416 0.01584
citance(C

) 10nF 9.78757 0.21343

10uF 9.83623 0.16377

100uF 98.5699 1.4301

10 1.01014 0.01014

10Q 10.0508 0.0508

. 100Q 102.119 2.119
resis

tance(R) 1KQ 1.00819 0.00819

10KQ 10.0619 0.0619

100KQ 99.5795 0.4205

IMQ 1.00945 0.00945

And the experimental results can be used to measure
the parameters of the system:

1 inductance (L) is 10 uH ~ 100 mH;

2 capacitance (C) is 10 pF ~ 1000uF;

3 resistance (R) is 1 Q- 10MQ.

The measuring error of the instrument is less than
0.50%, so the measurement precision of the instrument
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can reach 0.50%.
5 CONCLUSION

The LCR tester with the program can improve the
reliability, save the cost, shorten the development cycle,
and can quickly and accurately detect the resistance,
inductance, capacitance and the associated parameters.
The hardware circuit of the signal analysis and display
of the traditional instrument is enhanced, and the
operation of the instrument is enhanced, and the user
defined function is added. Compared with the
traditional instrument, its price is low, reusable and
configurable, and it has a certain practical value and
promotion value. Its advantages make the virtual
instrument gradually replace the traditional instrument
to become the development of the test field. There are
still some shortcomings in the method of the design,
and the precision of the precision resistance of the
hardware circuit will affect the measurement accuracy
of the tester, and it needs further improvement.
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Based on parallel sampling VIIS - EM data
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Abstract—With the continuous development of testing technology, the virtual instrument technology has been paid more and

more attention and applied in more and more designs for its high performance, scalability, less development time and seamless

integration advantages. The oscilloscope is the core instrument of the electronic measuring, which has been widely used in

various fields. Compared with the analog and digital oscilloscopes we use now, virtual oscilloscope with a more cost-effective

and user-friendly operator interface, has a broader application prospects and space of development.This design is mainly to

complete the design of the virtual oscilloscope data acquisition card. Including signal conditioning, A/D conversion, the bus

communication and parallel data processing module, in which the parallel data processing module is the core content of the

design. By using parallel sampling technique to improve system sampling rate, eventually we can achieve a measurement of

less than 50V analog signal, the maximum sampling rate is 100 MSPS.

Key words: Virtual Instrument Technology; Virtual Oscilloscope; FPGA; Parallel Sampling Technique

I INTRODUCTION

THIS topic is Jilin University virtual electronic
measuring instrument integration a very important part
in the system. Through this topic research, design, to
expand the input voltage range of original data
collection system and improve the sampling rate,
improve the existing virtual electronic measuring
instrument performance, make the instrument to better
serve basic courses teaching experiment and
production practice teaching. The design of the main
content of virtual storage oscillograph data acquisition
card, including signal conditioning, A/D conversion,
bus communication, parallel data processing four
modules. Of signal disposal using differential circuit,
effectively restrain common mode interference. A/D
conversion part through the use of parallel sampling
technology, the sampling data of the two channels is
united into FPGA FIFO, implement two times the AD
sampling frequency sampling rate. Use AT89S52
single chip microcomputer bus communication part,
complete instructions transmitted and initialization
configuration. The FPGA EP2C5Q208C8 chosen as
the main control chip, implement sampling rate control
and number according to the processing, and other
functions.

II THE OVERALL PLAN

The oscilloscope card USES FPGA + 51 single chip
microcomputer as the overall control, including the
FPGA with Altera company Cyclone II series
EP2C5Q208C8 as core controller, complete large-scale

data storage, and exchange control unit circuit, 51
microcontroller and the use of Atmel company
AT89S52, mainly to complete the bus communication
system initialization and configuration.

According to the modular instrument design idea,
the oscilloscope card system is divided into four
modules: signal conditioning module, A/D conversion
module, bus interface communication module, the
parallel data processing module. The overall structure
of the system block diagram is shown in figure 1[1].

FPGA

" -

Pr——
MPU gouble mouth % il
CH1 ‘
— ——p! sampling rate [The
Signal AD contro system

conditioning (oot bus

CH2 Data storage
- ™ *  FIFO o

[ Y

interface

i

Gain control

Fig 1 Block diagram of the overall plan
IIT METHODS

A The signal conditioning module

The input analog signal conditioning to the scope of
the ADC can identify the large signal attenuation,
small signal pass-through. Including high resistance
attenuation, impedance transformation and difference
transformation three parts. The parts through micro
controller and FPGA to realize real-time control. The
signal conditioning module circuit diagram as shown
in figure 2-1.
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Fig 2-1 Signal conditioning module
1) Attenuation circuit

Oscilloscope for voltage range of the input signal to
A certain extent, this design oscilloscope card requires
50 VPP input voltage range, and A/D conversion
circuit using AD9288 chips for 1 VPP input voltage
range, so need attenuation circuit. When the large
signal input, attenuation, small signal input straight
through[2].

Direct resistance partial pressure is suitable for low
frequency circuits, high frequency, the resistance of
stray capacitance will have great impact on the circuit
performance, lead to actual pressure coefficient and the
theoretical results of difference. When choosing
compensating voltage divider can weaken the high
frequency parasitic capacitance effect the performance
of the circuit. But with the increase of frequency, the
influence of parasitic capacitance on the circuit will be
more and more obvious. This design USES the normal
bleeder circuit working frequency of 1 Hz ~ 10 MHZ,
meet the system requirements[3-4].

RELAY Al

HRSIHS 5V

Fig 2-2 high resistance attenuation principle diagram

2) Impedance transformation circuit

Impedance converting circuit with TI company
broadband high-speed amplifier TLO71
implementation. Low noise operational amplifier jfets
jfets input input in TLO7x series similar TLO8x series
operational amplifier with low input, bias and offset
current and fast conversion rate. Low harmonic
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distortion and low noise make ideal TLO7x series is
suitable for high-fidelity audio applications of
preamplifier. The characteristics of each amplifier jfets
input (high input impedance), plus a bipolar output on
a single chip integration stage. Follow through TLO71
voltage, increasing the system input impedance, to
meet the requirements of the system to the input
impedance. As shown in figure 2-3.

OFFSET N1 [] 1 & a[] NC
IN- [ 2 7 ] Vees
IN+ [] 3 8[] OUT
Veeo [ 4 5[] OFFSET N2

Fig 2-3 TL071

3) The differential transform circuit

The oscilloscope card adopts differential signal as
input signal of the AD. Difference signals and the
commonly used single ended, compared to common
mode interference and electromagnetic interference,
has the very good inhibitory ability can increase the
system stability and accuracy. Differential transform
select low distortion of ADI company differential
ADS8138ARZ ADC driver amplifier. G = + 1, 3 db

bandwidth of 320 MHZ, which can realize
single-ended input signal, double-end differential
signal output[5].

Differential transform circuit principle diagram is
reference AD9288 official evaluation board circuit
diagram connection, as shown in figure 2-4, after the
actual test through selection. Single-ended signals from
AMPINA input, output from AMPOUTA and
AMPOUTAB difference signal, the common-mode
voltage VOCM by partial pressure resistance can meet
the common-mode voltage of AD9288 as 1V.

GND AMPINA
R17 ? 7 R16
5000 3 5250
AD8138
+N -IN

e ¢ NC  vOCM

3]
]
5000 § —sv o—l—E V- v+
c33 {5 ]-out +ouT

¢ R18
5000

R23 ¢ c2 R22
5002 3 15pF 500
it
o] o]
AMPOUTAB AMPOUTA

Fig 2-4 Difference transformation principle diagram
B A/D conversion module
A/D transformation is the core part of data
acquisition. Chooses the AD converter type,
determines the precision of the whole system can
achieve performance in the end. The design of A/D
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conversion part will use the parallel sampling
technology, the realization of parallel sampling, dual
channel to achieve the purpose of double sampling
rate[6].
1) Principle of parallel sampling technology

Parallel sampling technology is to use two channel
or multiple channels to the same signal sampling at the
same time, each channel sampling clock has a certain
phase difference, the sampling data unified storage can
get higher equivalent sampling rate. Two pieces of AD
sampling at the same time, for example, as shown in
diagram 2-5:

The input analog signal

The first channel I I I I l I |

The second channel

data |1 |2 |3 |4

Fig 2-5 Dual channel parallel sampling schematic diagram

The first channel and a second sampling clock phase
difference of 180 degrees, AD in rise along the
sampling clock. The first channel to point 1, 3, 5, 7 of
the analog signal voltage value, the second channel to
point 2, 4, 6, the analog signal voltage value, then two
channel data storage, can get 1-7 analog signal voltage
value of each point sampling rate equal to 2 times a
channel sampling rate, achieve the goal of improve the
sampling rate.

2)A/D conversion circuit hardware

This design chooses the ADI company AD9288BST
- 100 as the core of this card conversion chip.
AD9288BST - 100 is a 8 bits, single channel sampling
rate highest 100 installed base, dual-channel
high-speed AD converter. IC integrates sampling
keeping and reference voltage circuit. Each channel
analog bandwidth of 475 MHZ, single channel 3 v
power supply, the biggest 1 VPP input analog voltage
range, output data queue. They can be used for
handheld instrument and low-power  digital
oscilloscope. Specific AD9288 hardware connection as
shown in figure 2-6:

+A33V D33V
el e
mos wae
w
I AD9283 AD DADO
x S55 5 a aa 7
o 298|, 5558 BBEE pu |z DD
: Rk Dia 35 4D D
ADCHB 11 DA 5o
AN B D3a 2D D/
3D o 10 34D DA
AB DaA =
it T2 _appas
AD REF | rer_our Déa [—2 AD DAS
5 444D DA7
REF A DA s
3 AD DRI 0
REF B ———
Do |2t AD DBO
. 7
o] BNeA D8 |
; ENC B L2 AnLDE
D [2L_apDES
7 ;
AD DFS 47| D 20 _AD DB
AD 51 8 .
s o

Fig 2-6 AD9288 wiring diagram

C Bus communication

Bus communication module is a PC with modular
hardware instrument important interface card by the
exchange of information. For the purpose of this
oscilloscope card, mainly and USB control card
exchange of information, including transfer analysis
and initialization. Part by MCU and FPGA internal two
partial implementation.
1) Single chip microcomputer part

Selection of Atmel company communication MCU
AT89S52 single chip microcomputer as the system.
Major transfer of a complete instruction parsing and
initial state configuration, as well as for ac/dc coupling
relay control, performed by RELAY Al and
RELAY BI1. Specific hardware connection as shown
in figure 2-7:

uo
ATROLS52

S —zfOcooo
s [aBg =y By -y = (=) =Ty =Ty =T ee U
PLS o4 |5 MEUD
81 [ Pos | 2B MCUDs
RELAY A1 O | .° PO |31 MCU Dé
§¥8 RET if S po7 |28 MCUDT
P30 EA 2T 0-D33V

MCU INT 14
MCU P33 15
MCU P34 18
RELAY E1 17

OO WR 18

Fig 2-7 AT89S52 single chip microcomputer wiring principle
diagram
2) The FPGA parts
FPGA part of the communication function mainly
IDT7130 and MCU decoder two parts content.
IDT7130 FPGA and MCU communication,
instructions and information; MCU decoder to decode
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and execute the command information and real-time
control of each unit circuit.

MCU decoder is the interface of MCU and FPGA.
MCU instruction code sent via the address bus and
data bus to the FPGA, and through the MCU decoder,
translate instructions for FPGA can identify command,
to control the relevant work unit circuit[7-8].

[BiEgken]
L_DATAZ O] R_DaTA7.0]
L_ADDR[S..0] F_ADDRS..0]

MCU_DECODE

=t MCL_D(7..0] MCU_A[7.0] L
“— MCU_ALE Decode_CO [—KZ: @@ ::
sy MCLU_A[15..8] Decode_C1

2| MEU_WR Decode_C2 [u¢Z 0000

-
Decode_C3 [
Decode_C4 [
Decade_c5 |3
Decode_C5 [
Decode_C7 [
Decode_C8 [
Decode_Ca[4.0] =

b

b

Decode_Ca
Decode_CHB
DPRAM_CS

Decode_E0[7.0]

Decode_E1[7..0]
Decods_E2
Decode_E3
Decode_F4

Fig 2-9 MCU decoder model after instantiated

B Parallel data processing module

Parallel data processing module is the core of the
design  content. Including the design and
implementation of the FIFO, the design of the data
selector and the realization of smoothing filter three
parts content.
1) Design and implementation of the FIFO

FIFO is a relatively simple data cache first-in,
first-out type, generally used for the data transfer
between different clock domains, multi-purpose FIFO
as data in the data acquisition system is data storage.

‘FIFO_4K

1 Rst Data_outfk-1..0P=*%: :
£ Welk Full—Xz%: -
. 27 Relk Empty[—X%:
oo E— Wr il

. ,_ Rd i . e
=1 Data_in[k-1..0]

Fig 2-10 For 4k FIFO storage depth after the case of the model
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Fig 2-11 FIFO_4K timing simulation results
2) The design of the data selector

Adopts parallel sampling technology, the unit of
time that the data mining is twice that of single channel
when data to be unified into the FIFO, and design the
following data selector, clock frequency twice of the
sampling clock frequency, to count clock frequency
rising along the odd when storing A channel data, even
when the store B channel data, so as to realize the
unification of data storage[9-10].

Two channel data unification in FIFO, due to the
data transformation prone to intermediate state, which
will produce competitive adventure. If directly into
FIFO will have quite a number of error data[11]. When
deposited in the FIFO, the add a synchronous clock,
the clock up along the unified storage, to reduce the
error rate.

¥ -’/////////////////////////'./////////////////////////” .....
. e S e )
Z “
£ 18EL_FIFO Zooioo
ra ok e
o b e
o | o
L S A
(ZF | Clk Data_oul7..0—* - - - -
?5'? Data_in_A[7..0] 2; S
‘% %=t Data_in_B[7..0] 2o
27 _in_| Sl
AT ]
£ i inst 2o
T i
x> i’ ////////////////////////‘.’/////////////////////////‘ """

Fig 2-12 Model diagram after data selector is instantiated
Timing simulation results:
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Fig 2-13 Simulation scheduling results

3) The realization of smoothing filter

Due to data transmission may occur in the process of
storage and wrong words if gibberish, at the same time
reduce the influence of the system noise, and need to
the necessary filtering system data, in order to make
the final waveform can be more smooth. Thus to
design the following FILTER.The two median filter,
the filter is to transfer in the four groups of data after
the sum, average output as the final data output. So
that we can reduce the influence of abnormal data on
the results, making waveform effect of more
smoothing[12].
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///////////////////////lf///////////////////////! "
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Fig 2-14 FILTER after the model
IV TEST RESULTS AND ANALYSIS

A A/D conversion circuit results and analysis

A/D conversion part of the output of digital signal
and the FPGA directly connected, if you want to
separate measurement needs in the signal output and
DA are linked together, to test the result of the A/D
conversion part separately. Due to the finished PCB
board design is fixed, cannot lead wire connected to
the DA, so only with the aid of the FPGA and the
LabVIEW complete test.
The following from direct input signal before AD9288
test results:
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0 2o 40 60 500 1000 100 1400 1600 .00 MO0 2000 240 MO0 /I 00 L0 MO BN M0 HX 4200
AR

@ |

e | e | e |
o mazmem oc:  mEAREAR

Fig 3-1 Input sine signal, the frequency of f=1 KHZ, Vpp = 0.8
V, the sampling rate is 5
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Fig 3-2 Input square wave signals, frequency of =1 KHZ, Vpp
= 0.8V, the sampling rate is 1
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Fig 3-3 Input triangular wave signal, the frequency of f= 1
KHZ, Vpp = 0.8 V, sampling rate is 1
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Fig 3-4 Input sawtooth wave signal, the frequency of f=1 KHZ,
Vpp = 0.8V, the sampling rate is 1
B The whole plate test results and analysis
By a factor that signal attenuation 1 through testing
the whole plate, test results are as follows:
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Fig 3-6 Input square wave signals, frequency of =1 KHZ, Vpp

= 0.8V, the sampling rate is 1
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Fig 3-7 Input triangular wave signal, the frequency f=1 KHZ,

Vpp = 0.8 V, sampling rate is 1
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Fig 3-8 Input sawtooth wave signal, the frequency f=1 KHZ,
Vpp =0.8 V, sampling rate is 1

Carefully observe the above test results can be found
that the overall waveform is relatively smooth,
beautiful and easy, satisfies the requirement of system
design.

V CONCLUSION

This design is mainly to complete the virtual digital
storage oscillograph of the design of data acquisition
card. Including signal conditioning, A/D conversion,
bus communication, and parallel data processing of
four parts, including the parallel data processing
module is the core content of this design. Signal
conditioning part through high resistance attenuation,
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impedance transformation and difference
transformation, meet the needs of the AD converter
differential signal. A/D conversion module of the input
differential analog signal is converted into digital
signal, through parallel sampling technology to achieve
two times the AD clock sampling rate, sampling data
parallel output. Parallel data processing part after
classifying sampling data filtering, unified in the FIFO,
for the system call. PC and modular instrument bus
communication module card by the exchange of
information and control. Finally can realize the peak -
peak value is less than 50 v analog signal measurement,
the highest sampling rate can reach 100.

References

(1]

(2]

[4]

(8]

WEI  Jian-rong. The Research and Design of
Reconfigurable Monitoring System[D]. Master
Dissertation of Jilin University. 2006

HONG Meng, GENG Xiang-ming. The Research of High
Speed Parallel Sampling Technology Based on FPGA[J].
Modern Electronic Technology. Mar.1.2011. Volume
thirty-fourth issue fifth

XING Yi-nan. The Research of Key Technologies in High
Speed Parallel Sampling System[D]. Electronic Science
and Technology University Master Thesis. 2006

TANG Zheng-hu. The Design of Digital System for
100MHz Digital Storage Oscilloscope[D]. Electronic
Science and Technology University Master Thesis. 2004
HUANG Rong-hua. The Design of Virtual Digital
Oscilloscope[D]. Master Dissertation of Jilin University.
2006

KANG Hua-guang. Basic Electronic  Technology
(Digital)[M]. Beijing: Higher Education Press. 2006

HE Qiao, DUAN Qing-ming, QIU Chun-ling.
Microcontroller Theory and Applications[M]. Beijing: China
Railway Publishing House. 2005

YAN Xiao-ming. The Design of Digital Storage
Oscilloscope[D]. Master Dissertation of Jilin University.
2007

Penzkofer A, Simmel M, Riedl D. Room temperature
phosphorescence lifetime and quantum yield of erythrosine
B and rose bengal in aerobic alkaline aqueous solution[J].

Journal of Luminescence, 2012, 132(4): 1055-1062.MLA



Zhang Bo-yu etc.: Based on Parallel Sampling VIIS - EM Data Acquisition Technology

[10] Pérez-Patricio M, Aguilar-Gonzalez A, Arias-Estrada M, et
al. An FPGA stereo matching unit based on fuzzy logic[J].
Microprocessors and Microsystems, 2016.

[11] Franc M, Hace A. A study on the FPGA implementation of
the bilateral control algorithm towards haptic
teleoperation[J].  Automatika—Journal  for  Control,
Measurement, Electronics, Computing and
Communications, 2013, 54(1).

[12] Gorgon M. Parallel performance of the fine-grain pipeline
FPGA image processing system[J]. Opto-Electronics

Review, 2012, 20(2): 153-158.

229



The English Proceedings of the College of Instrumentation & Electrical Engineering, Jilin University, in the First Half of 2016

Design of indoor air quality monitoring system
based on GSM network

WANG Jie; YANG Chen; DENG Xin-xin

(ilin university instrument science and engineering institute,changchun, 130021 )

Abstract--At present, with the development of the industry, the environment is becoming worse and worse, the PM2.5 levels

indoor increase sharply because of the haze weather, the formaldehyde from materials also seriously affect the indoor air

quality, which result in the incidence of respiratory diseases greatly increased. Therefore ,problems related to indoor air

quality has become the focus of widespread attention. This design uses gas sensors for testing PM2.5 and formaldehyde content

in indoor air, through the microprocessor for processing and analysis ,using the LCD screen for displaying the data, and

according to the setting threshold for alarm, use the GSM wireless network for remote communication, remote real-time

monitoring of indoor air quality.

Key words--indoor air quality;PM2.5; formaldehyde; GSM network

1 INTRODUCTION

INDOOR environment refers to the house people live in
and work at and other relatively closed places,
etc .According to statistics, people take more than an
average of 80% to 90% of the time every day to stay
indoors, so the indoor air quality has far higher
influence to people healthy than outdoor air quality. [1]
With the development of industry, people's living
environment is becoming worse and worse, which
result in the incidence of all kinds of respiratory
disease increased significantly. Therefore it is quite
necessary to create a real-time monitoring of indoor air
quality. At present, the main pollutants affecting the

quality of indoor air include formaldehyde. PM2.5,etc.

However, most of the traditional detection systems
only detect one kind of air quality parameters, and
their price are expensive, operations are complex,
therefore, they can not be used commonly. Designing
a kind of system which can detect a variety of air
quality parameters, and use the GSM network for
remote monitoring has a practical significance. [2-4]

2 THE OVERALL STRUCTURE DESIGN OF SYSTEM

Indoor air quality monitoring system based on GSM
network, include the central processing module, the
sensor detection module (PM2.5 detection module, the
formaldehyde content detection module), the keyboard
control module, display module, the threshold alarm
module, the GSM communication module, power
supply module [5-8]. The diagram of overall system
design is shown in figure 1.
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LED display

PM2.5 sensor —|‘
Microprocessor
Formaldehvde sensor

Figl Diagram of the system design

Buzzer alarm

—|‘ GSM module

As shown in the above, the system uses sensors to
collect information, processed by microprocessor,
displaying data on the LED, when the concentration of
the data value is greater than the setting threshold,
alarm module would sound and light alarm, and send
alarm messages to the mobile terminal by the GSM
network, realizing remote monitoring.

3 HARDWARE DESIGN OF THE SYSTEM

3.1 PM2.5 detection module

The sensor for detecting PM2.5 is called
GP2Y1010AUOF produced by sharp. It is a optical
density detection sensor, on its internal diagonally,
distributes  the  phototransistor and  infrared
light-emitting diodes. The sensor uses the theory of
photosensitive to detect tiny particles in the air, by the

I =1le"

light attenuation formula, which

converts the current attenuation difference into voltage
pulse, according to the height of the output pulse to
determine the concentration of PM2.5. Characteristics
of sensor has small size, light weight, easy to install,
the maximum current value up to 20mA.When the
sensor uses current way, the dc voltage can up to 7v,



WANG lie etc.: Design of indoor air quality monitoring system based on GSM network

and output the 0 ~ 5v analog voltage signal, which is
proportional to the dust concentration.
3.2 Formaldehyde detection module
Formaldehyde module uses formaldehyde ZEO8 -
CH20 electrochemical sensor, which applying the
electrochemical method to detect formaldehyde in air,
E = E 0— E ln%

a b
by the formula nf' - aa,

(type Ev a5 the standard electrode potential, R for

gas constant, T for absolute temperature , n to
participate in the number of electrons in an electrode
reaction, F for Faraday constant, a for participate in a
chemical reaction matter concentration.) Calculate the
potential difference of electrochemical reaction, the
internal  conversion data transmitted to the
microprocessor. It has a good stability and selectivity.
It possesses a internal temperature sensor for
temperature compensation, at the same time it has
advantages of high sensitivity, high resolution, low
power consumption.
3.3 GSM network module

GSM module uses SIM900A produced by SIMCom
as main control chip. SIM900A is a compact, high
reliability of the wireless module , which adopts the
STM encapsulation dual-band GSM/GPRS module
solution. It has a powerful processor ARM9216EJ -s
kernel, can satisfy the requirement of the development
of low cost and compact size. It also has a standard of
the AT command interface, can provide a short
message, GSM and many other business.
Microcontroller through serial ports to send the AT
command to the GSM module , can control the
SIM900A. The flow chart of the module is shown in
figure 2.

Begin

SIM900A device
detection device

Detection ofnetwork
operators to si:

Set up using TEXT format
send TEXT m es

B

Set for number

!

Set message

!

Complete the sending

Fig2 The flow chart of the GSM network

4 SOFTWARE DESIGN OF THE SYSTEM

Monitoring system mainly controls STC12C5A60S
to process data from sensors in a certain period, and
then display data on the LCD screen, and write
different AT commands to the SIM900A module to
accomplish corresponding communication tasks [9-12].
The flow chart of system software is shown in figure 3.

| Initialization parameters |

'
Read EEPROM
to obtain the set value

%| Set alam value of PM2.5 |

S00M) A
—>fet slam vahue of fomzldehyce

Set the value M| Regular time |

Transform the dats|
and display Im| Set for number |
ﬁfm .
[ransform the data —’| Save and exit |
and display
| Back to the LCD display |

Fig3 The software flow chart of the system
5 THE EXPERIMENTAL RESULTS AND ANALYSIS

5. 1Test the system s performance for detecting PM2.5
5.1.1 Collect data about PM2.5

Applying the method of diffusion of smoke to test
the detection ability for PM2.5 of system. Lit a
cigarette, put it near PM2.5 sensor, slowly increase the
concentration of the smoke, read the 11 density
roughly equal interval data, respectively measure the
output voltage of the sensor under consequent
concentration. With dust concentration (mg/m?) for the
horizontal axis, the output voltage (V) as the
longitudinal axis, draw the sensor characteristic curve
under actual circumstances , which is shown in figure
4.
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Fig4 The measured dust concentration characteristic curve
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Fig5 The theory of dust concentration characteristic curve

By comparing the measured curve and the
theoretical curve, contour is similar.
5.1.2 PM2.5 data processing and analysis

The sensor adopts the serial communication method
that improves the accuracy of measurement, a serial
port configuration requirements for: (1) the baud rate:
2400 bit/s, (2) every 10 ms send 1 byte, seven bytes, a
parity bit:

Parity = Vo(H) + Vol L) + Ve (H) + V(L)

Will receive the voltage value of the data according
to the formula:

_ VOUT(H) x 256+ VOUT(L) <5
1024

Vo

Calculate to get the value of the Vo, dust concentration
for K x Vo, K for mass concentration conversion
coefficient.

According to the measured data to calculate the
range of output voltage :

V=Vor—Va=(375-0.83)V =292V’
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Then calculate the range of dust concentration:

C=Cn—Ca =(0.625-0.000)mg / nt =0.625mg/ nt

Then calculate the detection sensitivity:

Vo290
K=—="""=46W/(me/n’
C 06 roTv/melnm)

According to the data above ,we can draw a
that the system detection in the
measurement of PM2.5 has good linearity and high
sensitivity.

conclusion

5.2 Test the system s performance for detecting

formaldehyde

5.2.1 Collect data about formaldehyde

After the system is powered on, preheating of three
minutes, then collect formaldehyde concentrations
every 10 seconds, the measured data are shown in table
1:

Tab1 The measurement of formaldehyde concentration and

output voltage

output voltage (Y/V)

formaldehydeconcentration (mg/m?®)

0.21 0.449
0.53 1417
0.80 1.786
1.22 2.679
1.63 3572
1.84 3.681
2.12 4.688
2.45 5.357
2.66 5.804
273 6.093
2.82 6.321

5.2.2 Formaldehyde data processing and analysis

Formaldehyde module adopts serial interface
communication mode, the following criteria: 1 stop bit,
eight data bits, parity, baud rate to 9600. The module
via a serial port to send digital signal by default , send
density at intervals of 1 second, the default units is
PPM, need to use formula:

M 273 Ba
ppm
22.4 273+T7 101325

mg/m’ =

(M for the molar mass, Ba for the pressure, T for the
gas temperature) to convert unit, after simplified,
Testing data multiply 1.25 mg/m>.
Using the least squares fitting to calculate the
sensitivity and linearity . A fitting equation of the

kx + b

straight line : ¥ = , one of them
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monitor. Through the contrast test, results are shown in

k = N2 Xiyi— 2 Xi) Yi table 2.
N n Z X 1.2 — (Z X, ) 2 Tab2 the data of contrast test

Serial X1 Xz B4 Y1 Y: 8,
number (mg/m?) (mgm*) (mg/m?) (mg/m?) (mgm?) (mg/m?)

b . Z )Ci2 Z yi — z xiz xi yi 1 0.021 0.018 0.003 0.449 0.437 0.012

) ) 2} 0.036  0.032 0.004 1123 1.109 0.014
nz X, = (Z xl‘) 3 0.137  0.139 -0.002 2376 2.380 -0.013
4 0.156  0.157 0.001 3.546 3.530 0.016
Number n for the actu.al me.asurement data, x for . . . . . —
formaldehyde concentration, y is the output voltage, by . i i - — — i
_ 3
caleulation: K =0.4488v/(mg/m’) 7 0350 0361  -0.002 5362 5.349 0.013
8 0.397  0.394 0.003 5.427 5.442 -0.015
b=0.03298 By the formal : Ai = yi—(kxi+b) 9 0.425  0.429 -0.004 5.638 5.629 0.009
10 0.527 0528  -0.001 5.936 5.921 0.015
calculate the biggest nonlinear error AL max =0.05v . e e
o 0.0099 0.013
Fitting curves and residual map are obtained by the
above data, as shown in figure 6, shown in figure 7. X1, Ylfor the system measured PM2.5 and
. formaldehyde concentration; X 2,Y 2 for P-5L2C dust
A e instrument detection PM2.5 concentrations and JC- 7
25 for formaldehyde concentration. Known from the
" analysis of experimental results, and compare with
. performance of existing PM2.5 monitor and

formaldehyde detector on market , the system of
PM2.5 and formaldehyde detection accuracy can
be+0.3% and+1.3%, detection range is big, can assess

voltage (V)
[

-
i

05} i the air quality in the current by content, good, light
pollution and moderate pollution, severe pollution.
% 2z 3 &« § & T & 8 10 And this system is easy to operate, small volume, low
concentration (mg/m*) cost, suitable for household air quality detection.
Fig6 the fitting curve
6 CONCLUSION
015 —_———
il | This paper presents a portable design ,which can
- ' realize to monitor the indoor air quality remotely.The
~ 00t | design uses STCI12C5A60S2 micro controller
g I I combined with sharp GP2Y1010AUOF dust sensors
r f= T I | N and ZEO8 - CH20 formaldehyde module to detect
é a0l | | PM2.5 and formaldehyde in the air, and uses the
2 keyboard to preset threshold, assesses the air quality
Q1+ 1 standards, sets excessive warnings, and uses the GSM
. . L L network technology to realize real-time monitoring of
0 1 2 3 4 5 6 T 8 9 1 the indoor air quality, by remote alarm to remind
concemtatian, (mghr) people to take measures to improve indoor air quality
Fig7 the residuals of measured data and the fitting curve and prevent the air pollution pose a threat to health.
According to the figure above, we can draw a
conclusion that System for detecting formaldehyde has References
good linearity and high sensitivity.
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Research on microwave radiation features of
Bullialdus crater area
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Abstract--Bullialdus crater as the most representative of the moon crater, the microwave radiation features for analysis

rather than the same period in the study of a large crater has important reference value. Based on the Chang 'E 2 microwave
radiometer (CELMS) data and Clementine satellite UV-VIS, LOLA LRO satellite data, the system analyzes the space-time

distribution characteristic of microwave radiation Bullialdus area. The results show that Bullialdus crater area of lunar surface

temperature is the decisive factor of microwave radiation, the region (FeO+TiO2) content, and the correlation of lunar surface

slope, roughness and bright temperature.

Key words--Bullialdus crater, microwave radiation, CELMS data

. INTRODUCTION

BULLIALDUS crater is located in a lunar crater in the
west of Mare Nubium and its higher outer edge is
rounded.

Microwave radiometer is one of the important load
of Chinese Chang-E series of satellites, CELMS data
gets multiple coverage of the surface of the Moon is
the lunar soil with microwave radiation features of the
most effective tools [1]. Radicals such as CHAN
Chang-E CELMS, first satellite data, preliminary
analysis of microwave radiation features of the full
Moon. Therefore, this research base CELMS, Chang-E
2’s data, analysis of the Bullialdus crater and its
sputtering carpet area microwave spatio-temporal
change features of thermal radiation combined with the
surface composition and terrain data, microwave
radiation causes exception on the region were
discussed.

II. DATA ANALYSIS AND PROCESSING

A. CELMS Data

Chang-E 2 CELMS detection frequency of 3.0GHz,
7.8GHz and 19.35GHz and 37.0GHz, observation
Angle 0°, resolution 0.5K [2], observed from October
2010 to May 2011. The brightness temperature data
after system calibration and geometric correction, the
PDS(Planetary Data System) standard format for
storage, separate 2 C-level data and a header file
consists of a set of observations, observations
including observations, four-channel temperature value,

Sun elevation angle, azimuth angle of the Sun,
longitude, latitude, altitude and the quality of data [3].
B.LOLA’s LRO satellite data

Based on LOLA data, roughness calculation method
by Smith [4] and Rosenburg gradient calculation
methods [5] calculated CELMS data with high
accuracy wavelength scale of surface gradient and
roughness information.

In the study, the use of data download at
http://pds-geosciences.wustl.edu/missions/lro/lola.htm.
Taking into account the spatial resolution of
0.25°x0.25° CELMS data. And there is plenty of
surface roughness and slope data to a range of CELMS
data. Here, CELMS is using data only within the scope
of the average surface roughness and slope data.

C. Clementine’s UV-VIS satellite data

(FeO+TiO2) content is one of the important factors
lunar regolith microwave radiation. Based on 750 nm
UV-VIS Clementine satellite data, we made Bullialdus
crater region image (Fig 2 (a)).Based on UV-VIS data
and Lucey model and improved Lucey model [6], we
made Bullialdus crater region (FeO+TiO2) content
distribution (Fig 2 (b)).Figure 2 shows, Bullialdus
crater (FeO+TiO2) content differentiation significantly.
Northeast area (FeO+TiO2) content is generally higher
(520.5°, W19.5°) the highest, the lower southwest area
(FeO+Ti0O2) content.
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Fig.1 Surface slope (a) and roughness (b) distribution of
Bullialdus area
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Fig.2 Remote sensing image (a) and (FeO+TiO2) distribution
of Bullialdus area (b)
Combining Bullialdus region of image and terrain,
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(FeO+TiO2) content data, we selected four typical
areas (A-E) for studying the microwave radiation
features of the region. Among them, in the eastern
crater, a maximum (FeO+TiO2) content, slope surface
roughness is small. B is located in the central crater.
(FeO+Ti02) content and surface roughness is small,
large slope C is located in the southwest of crater
direction. D is located in the south of smaller crater
central hole, (FeO+TiO2) content, surface roughness
and the slope is small. E, northwest of the crater
(FeO+TiO2) content, surface roughness and the slope
is small. C and A similar slope and roughness, to
analyze the impact (FeO+TiO2) content on the
brightness temperature. Area B and D (FeO+TiO2)
content, roughness, to analysis the influence of the
temperature gradient of light. E and C (FeO+TiO2)
content and slope are similar, to analyze the influence
of roughness of bright temperature.

III. MICROWAVE RADIATION FEATURE

A. The space distribution features

Here, we use a noon (Fig. 3) and mid-night (Fig. 4)
of the brightness temperature distribution in the study
area. Noon is the highest surface temperature of the
day, the greatest moment of solar irradiance, the
corresponding microwave bright temperature reflects
the soil heat absorption and microwave radiation
ability. Mid-night is the lowest surface temperature of
the day, microwave brightness temperature
corresponding reflected microwave radiation features
of lunar soil inside.
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Fig.3 Brightness temperature distribution of Bullialdus area at

noon

Figure 3 is a brightness temperature distribution in
noon Bullialdus. Figure 2 shows that Bullialdus area of
brightness temperature clearly divided into three parts.
South-eastern and southern regions (including A), high
brightness temperature. And the low temperature
region northwest of crater (including E).And the crater
and its low temperature zone in the southwest region
(including B, C, and D). With increasing frequency,
low temperature northwest region (including E) of the
brightness temperature increases, impact craters low
brightness temperature region (including B) brightness
temperature increases, the Southeast and Northeast
regions (including A) highlighted temperature region
in the area of reduced. A comparison of C and it seems
that we can draw (FeO+TiO2) content is positively
correlated with the brightness temperature. But this,
paradoxically, with the central and southern terrain A
similar impact craters are showing temperature
highlight. With increasing frequency, B in brightness
temperature increases, but other steep slope areas, but
did not show an increasing trend brightness
temperature. At low frequencies, brightness
temperatures of C and E are similar, but with
increasing frequency, E’s brightness temperature
increased, the brightness temperature of C did not
change significantly, indicating that as the frequency
increases, the effects of surface roughness on the
brightness temperature increasing.
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Fig.4 Brightness temperature distribution of Bullialdus area at
dawn

Figure 4 is brightness temperature distribution of
Bullialdus region at midnight moment. Figure 4 shows
the distribution of brightness temperature midnight
Bullialdus region of space. There are significant
differences with the noon time, indicating that the zone
of the solar radiation brightness temperature
distribution of a greater impact. At low frequencies,
most of the southern region is presented to highlight
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the temperature, the maximum brightness temperature
still appears in the southwest corner. An area is still the
highlight zone. B, D and E area is still low brightness
temperature zone. C area becomes high brightness
temperature zone. As the frequency increases, crater
north of brightness temperature increased, the
southwest (including C) decrease in brightness
temperature. Low brightness temperature area of Area
D is located in the reduced and the brightness
temperature increase (S18.5°, W22.5°) area of low
brightness temperature changed little.

Figures 3 and 4 show, an area belonging to the
highlighted area temperature, noon and midnight
brightness temperature are high. B, D, E area belongs
to the low brightness temperature region, noon and
mid-night brightness temperatures are relatively low,
but with increasing frequency, brightness temperature
area in brightness temperature decreases or increases.
Area C apparent brightness temperature anomaly
distribution, noon and midnight brightness temperature
characterization inconsistent, and midnight brightness
temperature values greater frequency correlation.

B. The same frequency brightness temperature changes
of different time

Regolith depth below a certain temperature is
constant, the surface temperature of the lunar soil by
solar radiation, greatly affected lunar soil composition.
Therefore, the temperature difference between day and
night light conditions at the same frequency value is
within a certain depth range of lunar soil temperature
and composition direct performance features [11].
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Fig.5 Distribution of brightness temperature difference
between noon and dawn at Bullialdus area
Figure 5 is a region at different frequencies
Bullialdus noon and midnight moments of brightness
temperature difference value distribution. Figure 5
shows brightness temperature varies greatly with the
frequency dependency. In general, with increasing
frequency, brightness temperature difference inside and
outside the crater uneven distribution in increased
brightness temperature difference increases rapidly in
value. For example, area A, 3 GHz when the brightness
temperature difference of about 5.5 K, brightness
temperature  difference increases with increasing
frequency, in the 37GHz brightness temperature
difference of 61 K to dump. Diurnal variation of
brightness temperature is very large, indicating that the
crater area at noon by the strong solar radiation,
brightness temperature contribution mainly from solar
radiation, temperature difference between day and
night light large, and the higher the frequency, the
more obvious by the effects of solar radiation, the
temperature difference between light The larger.
Diurnal variation of brightness temperature area C is
very small, indicating that the area affected by the
brightness temperature distribution of solar irradiance
is very small, and the brightness temperature at
different frequencies similar distribution area C, a
combination of different frequency of the microwave
signal in the lunar regolith penetration, indicating that
the structure of the lunar soil of the region in the
vertical direction is not changed.
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C. At the same time different frequencies of light
temperature changes

Different frequency microwave signal penetration
depth in the lunar soil. With the increase in penetration
depth, brightness temperature under the influence of
solar radiation, the terrain decreases, increasing under
the influence of composition and other factors.
Therefore, the observed brightness temperatures of the
different frequency same time difference reflects the
lunar body part most affected by solar radiation
temperature and microwave radiation.
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Fig.6 Distribution of brightness temperature difference
between 3GHz and 37GHz at Bullialdus area: (a) noon, (b)
dawn

Figure 6 is the same time Bullialdus area 3 GHz and
37 GHz brightness temperature difference distribution.
Figure 6 shows that, at noon time brightness
temperature difference of 40K, much higher than in the
morning time; combined radiative transfer simulation
[7], indicating that the temperature difference between
the noon time lunar soil surface and deep than in the
morning time. In Bullialdus region, wherein a noon
time zone brightness temperature difference is 44k,
midnight time brightness temperature difference values
-10k; B, noon and midnight time brightness
temperature values of 43k and -13k. C District noon
and midnight brightness temperature values were 40k
and -13.5k. D area were 42k and -11k. E region
respectively 45K and -12K. Noon and midnight
moment in time the regional brightness temperature
differences at different frequencies are large and the

difference is very small, indicating that the region noon
time lunar soil surface and deep large temperature
difference, and the difference in temperature in the
morning time of lunar soil surface and deep is small,
the study regional lunar regolith microwave radiation
that is great lunar temperature.

IV THE IMPACT ANALYSIS

A. (FeO+TiO2) content

The main elements of the abundance of the lunar
surface, especially the abundance and distribution of
iron-titanium and other elements for the analysis of the
radiation characteristics of the lunar surface, divide the
lunar surface rock types, geological interpretation of
the area has an important role in evolution [8].

Figure 2 shows that, (FeO+TiO2) content
distribution specific of area Bullialdus obvious that the
northeast high, southwest low. Comparative results
Figures 2, 3 and 4 results show that Bullialdus
brightness temperature in the area of distribution
(FeO+Ti0O2) independent of the distribution of content.
North of the study area (FeO+TiO2) of regions with
higher levels without corresponding highlight
temperature distribution. Southern high noon, evening
brightness temperature of the place, (FeO+TiO2)
content is very low. This shows that, (FeO+TiO2)
content in the distribution of brightness temperature
zone is very small.

B. Terrain factors

At present, the slope and terrain roughness for
representatives of more and more attention to the
effects of microwave radiation [7, 8]. Slope and its
shadow will directly influence the form of the physical
distribution of temperature, thereby affecting its
microwave brightness temperatures [12]. Roughness is
directly changed the microwave emissivity of lunar
soil [9].

Figure 1 (a) shows that Bullialdus crater Central and
the size of the edge of the pit slope maximum, and the
variation. In addition, hit the slope changes little in
other areas in the study area, flat. Comparative results
show that B D impact on the brightness temperature
gradient is very small.

Figures 3 and 4 show, E and B areas noon and
midnight time brightness temperature and the
surrounding area has no significant difference,
indicating that the effect of surface roughness on the
brightness temperature is small, but the contrast E and
C showed that with increasing frequency impact of
roughness on the brightness temperature increases.

V  CONCLUSION
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The results show that, Bullialdus crater area, noon
and midnight brightness temperature distribution
significantly different, and the brightness temperature
difference values at different times of the same
frequency and the same time the temperature
difference between different frequencies of light are
large, indicating  that radiation
characteristic of the region affected by the lunar
surface temperature greatly influence the surface
temperature (or solar irradiance) is in the area of
microwave radiation, the decisive factor. Overall,
(FeO+TiO2) content of the Ilunar surface slope,
roughness and brightness temperature less relevant, not
enough to significantly affect the distribution of
brightness temperature, as the frequency increases, the
impact of roughness on the increase in brightness
temperature.

Meanwhile, the study found little change in
brightness temperature interdiurnal area C, indicating
that the area affected by the brightness temperature
distribution of solar irradiance is very small, and at
different frequencies zones C brightness temperature
distribution is similar to a combination of different
microwave frequencies signal in the lunar soil
penetration, indicating that the structure of the lunar
soil of the region in the vertical direction is not
changed.

microwave
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Driverless car auto parking system design
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Abstract--Automatic parking system is a kind of system which use the detected information about the surroundings of the

vehicle to find a suitable parking spaces, by control the steering and speed, the system can lead the vehicle into parking

automatically. Compared with frequent bruise artificial parking and the heavily driver relied common reversing radar,

automatic parking system don’t need the driver to operate ,avoid miss moves ,can improve the safety of the vehicle when

parking, effectively reduce the difficulty parking vehicles for the drivers. Designed system in this paper realize the tracking,

obstacle avoidance, automatic parking function by get traffic information from the sensors such as CCD camera, ultrasonic

probe, infrared tube, and using microprocessor system build by freescale K60 to control the speed and direction of the motor.

Keywords--Automatic parking automatic control K60 0v7620 camera

I. INTRODUCTION

IN daily life, the reasons of vehicles damage for the
most part, is not traffic accidents, but scratches when
parking. Transportation research institute at the
university of Michigan's Paul Green's research shows
that according to the statistics from traffic accident
database and insurance company, 44% of the
accidents were happened when parking, among that
about 1/2 to 3/4 of the parking collision is caused by
failure of reverse[1]. Through the research of the
automatic parking technology, the process of parking
will be controlled automatically, may solve the
parking problem in densely populated urban area to
some extent. In the process of the automatic parking ,
there is no need for driver's operation, which will
effectively make the novice drivers easier for parking
and reduce property damage brought by

misoperation.

II. RESEARCH STATUS

Automatic parking system has been regarded as a
popular product using on the next generation of cars.

In 2003, Toyota began to provide intelligent
parking assist system as a custom function on their
product, Prius hybrids. This function only need the
driver to move his car to the front of the location and
slam on his brake when parking, electric control

system will automatically work according to the
designated parking location, guide the vehicle to the
parking position.

In the spring of 2007, Citroen C4 Picasso equipped
with Bosch parking measurement system. When the
driver need for parking, just press the control button
on center console, parking measurement system will
open. The system can timely notify the driver if the
length of parking Spaces is appropriate for the
vehicle and will alarm when there are obstacles.

III. THE HARDWARE DESIGN

The hardware design mainly includes the power
module, motor module, CCD sensor module, control
system[2], infrared tube module and ultrasonic
ranging module.

The design of the overall block diagram is shown

in Fig 1:
Battery CCD Infrared Ultrasonic
sensor | tube ranging
+7.2v ]
[M—
+5V
v
Power |-
control | +5v K60
+12V [ + ]
l L298N |ghtmotor|

Fig.1 The overall block diagram module design

A. Power Control Module
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This project use 7.2 v2000mAh nickel-cadmium
battery, through the power control module to form
the required voltage. Power module 5 v / 3.3 v part
are shown in Fig 2 below:
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Fig.2 5v/3v voltage stabilizing circuit diagram

Power module 12v part are shown in Fig 3 below:
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Fig.3 12v voltage stabilizing circuit diagram
The voltage specification required and functions
for each device are showm in table 1.

TABLE 1
each device voltage required and its function
Device Voltage Function
CCD sensor 5V Get black line information
Infrared tube 5V Get obstacles information
Ultrasonic 5V Get rear distance
ranging information
K60 5V Information processing and
control
L298N 12V, 5V Motor control

B. Motor Module

The L298N driver module can drive two dc motor,
the ENA. ENB will be effective when high level of
voltage input. The two motor are controlled
respectively, when there is a speed difference, the car
steering.

Driver module circuit diagram are shown in Fig 4

below:

242

Fig.4 L1298 motor driver circuit diagram

C.CCD Sensor Module
CCD sensor module is mainly composed of CCD

sensor and LM1881 video decoding chip. It is the
signal acquisition unit of the smart car control
system.

OV7620 is a highly integrated high resolution
(640x480) Interlaced / Progressive Scan CMOS
digital color / black & white video camera chip. The
digital video port supports 60Hz YCrCb 4:2:2 16Bit /
8 Bit format, ZV Port output format, RGB raw data
16Bit/8Bit output format and CCIR601/CCIR656
format. The built-in SCCB (Serial Camera Control
Bus) interface provides an easy way of controlling
the built-in camera functions[7].

The LM1881 Video sync separator extracts timing
information including composite and vertical sync,
burst/back porch timing, and odd/even field
information from standard negative going sync
NTSC, PAL and SECAM video signals with
amplitude from 0.5V to 2V p-p. The integrated
circuit is also capable of providing sync separation
for non-standard, faster horizontal rate video
signals[8].

The vertical output is produced on the rising edge
of the first serration in the vertical sync period. A
default vertical output is produced after a time delay
if the rising edge mentioned above does not occur
within the externally set delay period, such as might
be the case for a non-standard video signal.

Manually adjust the focal distance, direction and
pitching angle of OV7620 camera to determine the
scope of the whole image capture. After the image
captured by the camera and converted by the AD
converter inside, the data was transmitted to LM 1881
decoding chip to decode, deliver to K60
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microcontroller in final.
D. The Infrared Tube

The sensor has a pair of infrared transmitting and
receiving tube, the tube launch infrared in a certain
frequency, when meet with obstacles or reflecting
surface in the detecting direction, the reflected
infrared will be receive by receiving tube, after the
comparator circuit processing, signal output interface
and output a low level signal. The detection distance
can be adjusted through the potentiometer knob,
effective distance range 2 ~ 30 cm, detection of 35 °
Angle.

For obstacle avoidance, infrared tube first send the
signal, with the transmitting distance increase the
signal gradually decay, if there are any obstacles, the
infrared reflection will be form. When the reflected
signal is weak, the photodiode L2 receives the weak
infrared, voltage comparator LM393 3 feet higher
than 2 feet voltage, receiving test pins output high
level; When the reflected signal is strong, receiving
test pins output low level.

Infrared tube circuit diagram is shown in Fig 5 as
follows:

Fig.5 infrared tube circuit diagram
E. The Ultrasonic Ranging Module
HC - SR04 ultrasonic ranging module can provide

2 cm - 400 cm non-contact distance measurement
function, ranging accuracy can be up to 3 mm.The
module includes ultrasonic transmitter, receiver and
control circuit.

Ultrasonic ranging basic principle: Using 1O port
TRIG ranging trigger, give 10 us high level signal;
Module automatically sent eight 40 KHZ square
wave, automatically detect whether there is signal
return, When a return signal received, through IO
mouth ECHO output a high level.

IV. SOFTWARE MODULE DESIGN

CONTROL system software structure is mainly
divided into: system initialization module, a CCD
data acquisition processing module, ultrasonic
distance measurement control module, the infrared
obstacle avoidance control module and path
identification =~ module and motor  control
module[3~6].
Software system diagram as shown below:

system
initialization
obstacle CCD. r].a.ta distance
G acquisition
avoidance g measurement
processing

path identification

L

motor control

Fig.6  software block diagram

The main function of the main program is MCU
initialization, image filtering algorithm, black line
extraction algorithm and motor driver control
algorithm.

Initialization algorithm  mainly includes
initialization, PWM signal timing interrupt
initialization, AD conversion module initialization
and initialization of an external interrupt.
A. The CCD Data Acquisition Processing Module

Images get by CCD camera will be sent into K60
microcontroller after AD conversion, LM1881 chip
decoding. The image will be used for black line
recognition after binarization. The first step of the
process is the selection of appropriate threshold, with
the threshold image segmentation into two parts, the
pixel value greater than or equal to threshold set as
gray = 255, pixel value less than the threshold set as
gray = 0, the resulting image is a black and white
images, the images can be clearly displayed.

Black line recognition program is used to extract
the right side of the image after binarization for
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tracking based on camera capture range. Calculate
number of pixel gray value buy 255 in selected
range , when the car parallel to the black line, the
number of pixels gray = 255 set as balance value.
When the car is running, proceed calculation and
compare the results with threshold, if the ratio is less
than 1, means car body is closing the black line, the
ratio is greater than 1,the car body is getting away
from the black line. According to the black line
recognition program to control the car.
B. The Infrared Obstacle Avoidance Control Module

According to the signal from the infrared tube in
front of the infrared tube On the right side of the car,
infrared obstacle avoidance control module j udge
the Obstacles bearing and give a traffic condition
judgment.

Obstacle avoidance schemes as shown in table 2:

Table 2

Obstacle avoidance scheme

Front input Right input Control
Low Low tracking
Low High Slow down and Go straight
High Low Slow down and turn left
High High Slow down and turn left

C. The Ultrasonic Ranging Control Module
Ultrasonic ranging control program based on
ultrasonic sensor outputs high level time, according
to the formula (1) to calculate the distance from
backward, according to the designed distance( 10 cm
to 20 cm)to guide the parked.
L=12c*T €))
Type: L for the distance; C for ultrasonic velocity;
T time for high level.
D. The Motor Control Module
Motor control module through the PWM signal to
control the motor drive, the initialization mainly
includes: ban PWM, PWM channel using, use the
crystal frequency, choose the polarity, select
alignment mode, programming on duty ratio and the
sampling period.
By adjusting the duty cycle of PWM output signal
to adjust the motor speed.
Actual power = duty cycle * total power. 2)
Motor control module control method and dc
motor status are shown in table 3 below:
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Table 3

The control method and motor status

ENA IN1 IN2 Motor
0 X X stop
a ? 9 brake
1 0 1 forward
? A . backward
1 1 1 brake

V. THE RESULTS

A. Tracking

The car move along the black line on the right side
of the simulated road ,rely on the CCD data
acquisition module for keeping distance with black
line and tracking.

Tracking results are shown in Fig 7.

— bl

Fig.7 tracking
B. Obstacle Avoidance

When the car is nearing the obstacle in front of it,
the infrared tube in front will output high level,
inform the obstacle avoidance module to control the
car to slow down and turn left;

When the left turn at a certain angle, the front
infrared tube output low level, the right infrared tube
output high level, the car go straight at low speed.
When the front infrared tube and the right infrared
tube both output low level at same times, according
to tracking program, the car will move to the right.

If the car is already over the obstacles, the infrared
tube’s output will not change, the car get into the
tracking mode.

If the car is not yet over the obstacles, according to
the obstacle avoidance process, the tracking process
will not start until the car is over the barrier.

Obstacle avoidance effect is shown in Fig 9.
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Fig.8 obstacle avoidance
C. Automatic Parking
The car move along the black line by tracking,
when get close to the vehicle ahead the parking

process start, the ultrasonic module get into operation.

The obstacle avoidance module control the car to
slow down and turn left to pass. According to the
obstacle avoidance process ,the car won’t stop
moving until completely pass.

By tracking process, the car make it’s direction to
the right side of the road ,get close to the black line
approximately . The ultrasonic detection module
measures the distance and guide the car to park, the
car stopped when distance at a specified range.

Automatic parking effect is shown in Fig 10.

STOP STOP

s /5 '—1%

STOP STOP  STOP

A o

Fig.9 auto parking

VI. CONCLUSION

In the design of automatic t car parking system, it’s
hardware design use CCD camera to get road image,
LMI881 chip to separate video signal, K60 chip as
the control core. On the software ,adopts the black
line processing algorithms to extract the path
information.

Through simulation test of the car model, the
system can realize automatic parking function, has a
certain practical value.
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Program design of material sorting system based on
PLC and touch screen

Wang Qian
College of Instrument Science and electrical engineering, Jilin University, Changchun 130000,China)

Abstract--Automatic sorting system is a key factor to improve the efficiency of logistics distribution, and it has become an
indispensable part of the large and medium-sized logistics center in developed countries. The thesis bases on the Tianhuang
THJDME-1 light mechanical and electrical integration training device and designs three kinds of material sorting system
software and a touch screen interface, gives the design of ladder diagram and state transition diagram, realize the automatic

and manual control. After running the test, the design of the program can make the training device to achieve the correct

sorting, verify the correctness of the program design.

Key words--PLC material sorting , touch screen

[. INTRODUCTION

WITH the development of society, market compete

increasingly fierce , therefore, the production
enterprises urgently need to improve the backward
production technology, to improve the efficiency. In
the United States, Japan, Germany and other developed
countries, it shows the characteristics of increasingly
high degree of automation in the application of sorting
system.The sorting machine of the application is quite
common in cosmetics manufacturing industry,Chain
commercial industry automatic and medical industry.

In our country, the research of material sorting
system is relatively late, and many of them are
artificial sorting, which lead to low production
efficiency, high cost and poor competition ability of
enterprises. Nowadays, all kinds of enterprises, the
degree of automation is getting higher and higher, the
automatic sorting of materials has become a necessary
choice for enterprises.[1-2]

As a new computer input device, touch screen is also
a favorite of mechanical automation production. It is
the most simple, convenient, natural way of
man-machine interaction and a multimedia message or
control a face lift equipment, greatly optimized the use
of computers. From the industrial production, the touch
screen is a great place to automatically work, and
accurately realize the human-computer interaction, to
bring convenience to the industry.[3-5]

Based on the design of THIDME-1 type Tianhuang

company electromechanical integration training device

has three types of material automatic sorting system.
The material sorting system is divided into a warning
lamp mechanism, a feeding mechanism, a mechanical
mobile phone structure and a sorting mechanism, and a
touch screen. The three phase motor drives the material
conveyor belt, and the frequency converter controls the
frequency of the conveyor belt. For three kinds of
materials - metal materials, white nylon material, black
nylon material sorting, material handling and sorting to
three materials warehouse.

I1.CONTROL REQUIREMENTS AND DESIGN PLAN

A.Control requirements

Stand by status, the warning lights are red lights.
Press the start button, the red light goes out, the green
light is on, the system has already begun to work. If the
entrance  do not detected material after three

seconds ,the yellow light shining. if there is

material ,the yellow light go out.

Feed mechanism sensor detects the material after a
second, cylinder control metal rod to launch material,
pause one second after retraction.

The manipulator detected material in the reference
point , the material is transported to the conveyor
belt .The manipulator returned to the original place,
waiting for the next material in place, repeat the above

action.
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A conveyor belt detected to have a material, the
material is traveling to the library 1 and detected, the
metal material into the library. When other materials
pass by the library 2, is detected color. White material
is Imported into library2 by guide cylinder and black

is into library3.

B.Design plan

Using the MITSUBISHI FX2N series PLC, through
the developer GX from the warning light system,
feeding system, manipulator system, sorting system to
design program.

Using OMRON NP5MQO01B touch screen in the
NP-Designer software design touch screen interface,
connected to the system.

The system can be used to realize the control of the
system operation, but also through the touch screen to
control and monitor the working state of the system.

III. HARDWARE EQUIPMENT

Fig.1 Schematic diagram of equipment
A.Feeding and Warning Light System
Main functions: warning lamp can display
equipment is in working state, have material or not;
material can be introduced, so that the manipulator to
pick up and delivery.
Main

single-phase electric control valve of pushing cylinder,

configuration:  photoelectric ~ sensor,
warning lights, well type workpiece Library.
B.Manipulator System

Main function: grab materials from the storage table
and transported to the sorting machine by the
cylinder and stepper motor activities.

Main configuration: bi directional control valve
control valve, pneumatic valve control rod cylinder,
inductive sensor, magnetic sensor, stepper motor and
driver.

C.Sorting System
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Main functions:sort the white nylon, black nylon,
gray metal material.

Main configuration: electric sensor: inductive sensor,
optical fiber sensor, material library, one way electric
control valve to control the feed and feed cylinder to
the corresponding bit, conveyor belt, three-phase
asynchronous motor, SIEMENS inverter.[6-7]

D.Other Equipment
PC,Mute pump
E.Touch Screen

This project uses the OMRON NP5MQO001B to
cooperate with MITSUBISHI FX2N series PLC to
realize the control function. The schematic diagram of
the touch screen is shown in Figure 2.

rowns - Used as a function

switch inout

Display part: 5.7 inch FSTM high bright -

Power ness LCD screen,

LED

Fig.2 NPSMQO01B touch screen host

Installation of the touch screen: embed the main
body of the NP operating disk installation, installate
metal parts from the back of the panel. Power supply
input terminal to access DC24V.

Start of touch screen: the first time to confirm the
back of the sliding switch SW1 is located on the right
side (OFF). The main power switch on the NP, positive
LED lighting, NP main start. The display part displays
the name, date and time series. Confirm the date and
time is correct. Set the date and time of the system
menu. Start the system menu, please turn off the power,
will be on the back of the sliding switch SW1 on the
left side (ON), and then switched on again.

When the picture data is downloaded to the NP main
body:the confirm the back slide switch SW1 is located
on the right side (OFF).The main power switch on the
NP, positive LED lighting, NP main start. The display
section shows the initial picture of the picture data
downloaded to the NP main body.
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When starting the system menu:SW1 on the back of
the sliding switch placed on the left (ON),open power
of the NP body, the front LED lights, NP starting body.
Display system menu.

Touch screen and computer screen transmission:The
USB flash mode is adopted to transfer the picture, and
the USB port on the computer side and the USB main
body of the NP are connected with the connector from
the station.[8]

IV. SOFTWARE DESIGN

A.Set I/O address
Table 1 Enter the address of X
Serial PLC Name and function description
number address
1 X0 Start button
2 X1 Stop button
3 X2 Reset button
4 X3 Material detection photoelectric
sensor
5 X4 Material launch detection
photoelectric sensor
6 X5 Pushing out limit
sensor
7 X6 Pushing back limit sensor
8 X7 Arm extended limit sensor
9 X10 Arm retraction limit sensor
10 X11 Hand down limit sensor
11 X12 Hand up limit sensor
12 X13 Hand clamping claw limit sensor
13 X14 Mechanical hand reference sensor
14 X15 Push 1 extend limit sensor
15 X16 Push 1 retraction limit sensor
16 X17 Guide material transfer limit sensor
17 X20 Guide in situ limit sensor
18 X21 Incoming material detection
photoelectric sensor
19 X22 Material library 1 detection sensor
20 X23 Material library 2 detection sensor

Table 2 Enter the address of Y

Serial PLC Name and function
number address | description

1 YO0 Stepper motor driver PUL-
2 Y1 Stepper motor driver DIR-
3 Y2 Stepper motor driver ENA-
4 Y3 Material launch

5 Y4 Arm reach

6 Y5 Arm down

7 Y6 Clamping claw

8 Y7 Gripper release

9 Y10 Push cylinder

10 Y11 Guide cylinder

11 Y12 Warning red light

12 Y13 Warning green light

13 Y14 Warning yellow light

14 Y20 Frequency converter STF

B.PLC program analysis and its main program:

Warning lamp : when it is at the non working state,
MO turns off, the red light Y12 lights up, the green
light Y13 lights out. MO turns on what means
working,. The green light Y13 lights up, the red light
Y14 lights out. If it detects the feeding port without
material, X3 turns off delay 3S,yellow light Y14 lights
up and means the missing material, Using relay M8013
to provide the pulse and make it light.

Start, stop and reset: the start and stop part of the
self locking relay M0, when the MO turns off, press the
button to control the X2 button to reset.Reset is the
program of all relays and state reset.

Feeding material: under the condition of MO, testing
whether there is material X3.If it have material and is
controlled by the air cylinder rods retracted, delays 1s
after the launch of the cylinder. After the launch of the
Is delay, the cylinder is retracted.If you do not set the
delay it will cause the material due to inertia bounce
and result inaccurate positioning of material
manipulator.

Manipulator: manipulator arm detect to the material
in the reference point and forward. Cylinder of arm
delays 0.5s and declines after detects in place; Hand of
arm delays 0.5s to grip material after detects in place;If

hand detects to the clamping signal,arm rise and
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detection in place after 0.5s of time delay; Arm delays
0.5s and retracts; arm turn right anfer detects in place.
If it rotates in place, arm is forward and declines as
before. Hand grips release the material placed on a
conveyor belt, and then the arm turn right to waiting
for the next material in place, repeat the above action.
Procedures need to pulse number n, From the previous
set of parameters, stepper motor rotates 10000 steps as
a circle,so the rotation angle is 63 °, the formula:

Pulse number N=10000*63 ° /360 ° =1750

The data required for the program is K1750.

In order to control step steering of stepper motor
better ,
to determine the benchmark X14 at the start of the
manipulator operation procedures.
1010 1012 1013 Mo

stepper motor set relay M4 as the initial state,

56— bt ———| o
i} 1014
o1 — &

L mov KIS D0 )

Fig.3 Initial state of Manipulator ladder diagram
The function of M8029 in the program is to start the
next instruction with M8029 after the completion of an
instruction execution and carry out the necessary data
operations. M1, M2, M3 relay and PLSY continuous
pulse instructions are used to control the running

direction of the stepper motor relay.

nl
203 —| LSY K600 DO Y000

| ¥

e
i

Fig.4 Stepper Motor Control of Manipulator ladder diagram

Sorting:If it in the work state and the material
entrance detects the material, X21 is switched on,
inverter Y20 starts. When the pushing cylinder retra -ct
x16 draw back and detectes metal material X22,
cylinder Y10 pops up. In the detection of white nylon
material X20 and guide cylinder at the origin, the
cylinder extends and Y11 sets to 1, then setting the
cylinder delays T20 for 1.5s to retract.

Key analysis: set a delay to prevent that material is

not in storage, the guide rod returns9]

250

The state transition diagram of the main control
process is shown in Figure 5.

Fig.5 Manipulator SFC diagram

C.Touch screen editor

Using NP-Designer software to design the program
and the screen through the USB downloads to the
OMRON touch screen.

Touch screen interface design:The screen is divided
into five sections, Above the screen there are three
parts: feeding system, manipulator system, and sorting
system. They are labeled with text and uses ectangular
graphics object to represent the state.The below part is
divided into the part of warn -ing lights and
buttons. Warning lights use light object to represent the
state and buttons use button object. The rectangular
object variable to a dark gray said is set to 1, light gray
is set to 0; button press said set to 1, otherwise set to 0;
light object display gray set to 1, blank are set to 0,
deep gray for that red light, shallow Gray said green,
most shallow and flashing said yellow.
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Fig.6 The touch screen
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The touch screen action settings: The rectangular
object: according to the reading numerical address ,
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change the color is deep or shallow rectangular. The
button object: set three button:start, stop, reset the start
button for function set (Set address (Bit) to ON, even
loosen or press the button again, it is always in the
state of ON set address. When there is touch ON macro,
it will be executed at the same time). Stop button; set
reset function (set address (Bit) set to OFF. Even when
the button is loosened or once again, the address is
set.Is always in the OFF state. When there is touch
OFF macro, it will be at the same time Execution.
Reset button is set to function alternately (each time
the button is pressed, when the OFF is changed to ON,
the ON Touch macro will be executed; if it changes
from ON to OFF, executes the Touch OFF macro).The
light object: set of three lights means a warning lamp,
the style is round,Reading the address value to change
color.

Touch screen settings:Set the writing address or
reading address to the touch screen.

Table 3 The address of PLC  corresponding to the touch Screen

PLC Address | Touch screen address
X0 X1 MO

X2 M5

X3 M6

X4 M7

X5 MS8

X6 M9

X7 M10
X10 Mll
X11 MI12
X12 MI13
X13 Ml14
X14 MI15
X15 MI16
X16 M17
X17 MI18
X20 MI19
X21 M20
X22 M21
X23 M22
Y12 M23
Y13 M24
Y14 M25

V.CONCLUSION

The thesis bases on the material sorting apparatus to
design Mitsubishi FX-2N series PLC control program
and the Omron NP5SMQOO01B control with touch screen
interface. The practice has proved that the design of
programs to realize the correct material sorting and

achieve the design goals.
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Design of adjustable DC regulated power supply
based on single chip microcomputer

Xuxiaoshun; Panjinsheng; Wugqi

(School of Instrument Science and electrical engineering, Jilin University, Changchun, Jilin 130026 )

Abstract--This paper is focus on the design of adjustable and stable DC source. And its maximum output current is

1A.The 430 single-chip serves as the master control core of the DC source, which controlled by a keyboard to decide

different voltage. LCD1602 display the exporting voltage of the DC source.And the source is made up of rectifier,

voltage regulator and so on. The DC source can export a adjustable voltage ranging from 0~12V and its circuit has the

advantages of high precision, lower of cost,easy regulation , and it is durable in use, etc.

Keywords--Stabilized voltage power supply  adjustable

INTRODUCTION

POWER supply technology, especially electronic
technology is a very practical technology, services in
all walks of life. Electronic power supply compared to
traditional power supply circuit, easy to operate, high
voltage stability characteristics. Currently, electronic
DC power supply is one of the commonly used
electronic equipment technology, widely used we live,
work, and research fields. This article describes an
adjustable DC power supply. It requires an output
voltage range of 0 ~ 12V continuously adjustable

=

output current = 1A, output voltage display

LCD1602.

I. CIRCUIT DESIGN

There are many design method of the power source,
there are three relatively simple.
1.1 DC transistor series regulator circuit

Circuit block diagram shown in Figure 1, the circuit,
the output voltage UO obtained by sampling circuit
after sampling voltage sampling, the sampling voltage
is compared with a reference voltage to obtain the error
voltage, the error voltage to the work of the state
regulator to be adjusted so that the output voltage
changes, the changes due to the changes caused by the
supply voltage change in output voltage UI just the
opposite occurred, in order to ensure that the output
voltage UO is a constant value (voltage value). Due to
the output voltage from OV since the requirements to
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430 single chip microcomputer

LCD1602

achieve continuously adjustable, so to design an
auxiliary supply at the reference voltage for controlling
the output voltage can be adjusted from OV.Simple
series DC power supply circuit is very simple, but adds
auxiliary power, the circuit is more complex, since the
discrete components are used, it is difficult to ensure
the reliability of the circuit.[1]

Adjustment
Ul uo
| Error amplifier |1—| sampling |

Auxiliary l_,l Datum |

Fig.1. Tandem power supply circuit diagram

1.2 Three-terminal integrated voltage regulator circuit

The circuit diagram shown in Figure 2, which uses
an adjustable output voltage and the internal overload
protection of three-terminal integrated voltage
regulator, the output voltage adjustment range is wide,
designed to achieve a voltage compensation circuit
output voltage is continuously adjustable from 0V
onwards , because the circuit requires a strong load
capacity, a soft-start circuitry shall be designed to
accommodate the load carried by the start-up
performance. The circuit with fewer devices, low cost
and ease of assembly, high reliability.[2]
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Ul o
Adjustable integrated voltage
regulator

v

Soft-start circuit

Y

Soft-start circuit

Fig.2 .Integrated voltage regulator power supply circuit diagram

1.3 MCU production of adjustable DC power supply
The entire circuit microcontroller as the core, by the
filter module, A / D converter, LCD display and key
components. System block diagram shown in Figure 3.
MCU comes with PWM output function of adjustable
duty cycle resolution PWM wave, the PWM signal LC
Filter module, re-use TDA2030A power amplifier
module DC signal amplification desired DC power
supply. DC signal output after sliding rheostat partial
pressure feedback input channel AD SCM, SCM and
then read and compared by controlling the PWM duty
cycle to regulate the output voltage, while the collected

actual voltage output value is displayed in
LCD1602.[3]
SCM 5 LCter 1 of Tpass > load
module

Fig.3. System block diagram

Traditional DC power supply output voltage through
coarse and fine-tune band switch potentiometers to
adjust, and by voltmeter indicate the size of the voltage
value. This DC power supply is not intuitive readings
exist, the potential for easy to wear, regulation
accuracy is mnot high, easy alignment, circuit
complexity, size and other shortcomings, based on
microprocessor controlled DC power supply can solve
the the above problem. The hardware circuit includes
rectifier filter circuit, microcontroller, keyboard and
display several components. Voltage and current
sampling circuit controlled by a microcontroller
real-time voltage and current sampled current to
correct output voltage. The supply good stability, high

accuracy, and can output adjustable DC voltage within
the range of OV ~ 12V, and its performance is better
than traditional adjustable DC power supply. Therefore,
this design uses a microcontroller-based production of
adjustable DC power supply scheme.[4]

II ACTUAL CIRCUIT DESIGN

2.1 Hardware circuit
2.1.1 LC filter module

Based on the normalized LPF design parameters, in
accordance with the steps shown in Fig. 2, obtained by
a simple calculation. First, by changing the normalized
original parameters of the LPF, to get a ring from the
normalized frequency cut-off frequency 1 / (2pi) Hz
filter design of the filter to be changed; and then by
changing the component values transitional filters , the
normalized characteristic impedance of the filter
design to be converted into the desired characteristic
impedance, which obtained the most demanded design
filters.[7]

Normalized low-pass filter

v
Cutoff frequency change

V

Characteristic impedance
conversion

Fig.4. Parameter calculation step schematic
After designing the circuit configuration can be
calculated as follows and component parameters.

—--rﬁm--—]—--rm'\-
L1 L
c2 J-
T
1

CIJ- C3J-
1 1

|
£

Fig. 5. a circuit diagram of the filter module
The actual parameters are as follows:

L1=6.4mH L2=6.4mH
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C1=0.98uH C2=3.18uH
C3=0.98uH

2.1.2 TDA20304 power amplifier module
TDAZ2030A pin diagram is shown below

1 pin is the positive input

2 pin is the inverting input

3 pin is a negative power supply input
4 pin is the power output terminal

5 pin is a positive power supply input

O
TDA
2030

3 4

2

8 S— [,

Fig.6. TDA2030APin Figure

VvDD
12v
s U1
1 i
_— 5 >_1_._4
10kQ
2 TDA2030
. —
VEE
12V
R2 R1
N,
1kQ 20k0

|||-—

Fig.7. TDA2030AAmplifier circuit diagram
Circuit characteristics:

[1]. Very few external components.
[2] The output power, Po = 18W (RL = 4Q).

[3] ultra small package (TO-220), the packing density
can be increased.

[4] The power-minimal impact.

[5] contains various protection circuit, safe and reliable.

The main protection circuit: short circuit protection,
thermal protection, accidental open ground, reverse
polarity (Vsmax = 12V) and load discharge voltage
recoil.

[6] . TDA2030A to work at the lowest maximum + 22V
+ 6V voltage is + 19V, 16W at 8Q output impedance
capable of effective power, THD<0.1%][5][6]

2.1.3 A/ D converter module
DC signal output by 50K sliding rheostat partial
pressure feedback input microcontroller AD channel.
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III. SYSTEM SOFTWARE DESIGN

3.1 PWM control

MSP430F413 maximum operating frequency is
8MHz, PWM counter by 200 to calculate the
frequency PWM wave is 40kHz, this happens to be
within the current frequency switching power supplies
and common frequency range, relatively easy to buy
switch components. The output voltage between 2-15V.
Therefore, the duty cycle is taken as 10 / 200-190 / 200,
at 18V input voltage, output DC voltage of the theory
0.9-17.1V, meet the design requirements.
MSP430F413 actual operating frequency is 32768Hz,
the use of the multiplier 240 to obtain the actual
operating frequency of 7.86432MHz. Software design,
call PWM, ADC and timer A after initialization
functions, PWM wave output from the pin CPU will,
when just power, the duty cycle can be selected 5/200,
to output a low voltage value. In the main loop will
continue to compare the preset voltage and A / D
measured actual output voltage value, and constantly
adjust. Function also initializes PWM timer interrupt,
for adjusting the PWM duty cycle-by-cycle Pod, it has
been the best response time.
3.2 A/D converter

Key A/ D conversion section is 1 bit of timing to be
accurate. Otherwise, bits 1 and 0 bits duration
instability, the effect of low-pass filtering out the DC
voltage value, the final value of the A/ D conversion is
not accurate. Therefore, there must be a bit timers
highest processing priority. The method uses a timer to
automatically trigger, you can achieve the most
accurate timing, but taking into account that would
increase the cost of hardware, and software
optimization process, you can achieve the accuracy
required for this application. Software processing is to
determine the Timer 1 bit time, every time the timer
counter is full, immediate detection comparator output
if the comparator output is 1, indicating that the
number of 1-bit data stream more, then the order a bit
output 0; on the contrary, if the comparator output 0,
indicating the number of 1-bit data stream less, then let
the next 1-bit data stream output. A / D converter
consists of bit timer interrupt subroutine is completed,
each bit timer interrupts statistics m value, and the
value of N plus 1, after the expiration of the value of N
1800, m value is the measured value, the program flow
chart shown Figure 5 In order to measure the value of
stability and reduce fluctuations in the data, the
software uses a low-pass filtering process. In the
design process does not use a dedicated A / D chip,
using only one pair of op amp with a single-chip
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software to make way X-A A / D conversion,
simplifying the design, reducing costs.[8][10][11]

|

| Bit timer, time |

o>

The actual low voltage
output to rise,Increase the
number of bits in the data

The actual high voltage
output, and to
reduce,increase the number

stream 1 of bits in the data stream of 0

M

Bit stream order number 1 plus

m AD when the mold is 10mv
value, N is cleared, m is cleared

tostarta new round of AD

—'I termination

Fig.8. A/ D conversion flowchart

3.3 Key Processing

Start self-inspection system and displays the initial
state (2) function key "OK" press to preset voltage
value, then you want a manual keyboard input voltage
amplitude obtained in (3) determine whether the judge
pressed again, if press again to the regulator, the actual
value of real-time acquisition until close until the
preset voltage value (4) error is less than 0.01V, and
liquid crystal display the actual voltage value. (5)
inquiry judge to cancel the function key is pressed, if
you press it again under a new preset desired voltage
value obtained, so that you can achieve the desired
button control voltage obtained achieve adjustable. (6)
increase the "backspace" function key, typing errors
can backspace lose weight.[9]

C Opening machine self—test)‘i
| ™
Press the function key

Function to select a
preset voltage

NO

Input  voltage
value, press OK

YES

A/ Dfeedback

1602 LCD

Fig.9. Key processing flow chart

IV. TEST RESULTS

Real made adjustable power supply as shown in
Figure 10, the main test results are: power output
accuracy, test results obtained are shown in Table 1.

TABLE.1. Test Results
Keyboard input value
59 | 88 | 95 | 3.7 | 72
Q)
A/ D sampling value
58 | 88 | 94 | 37| 71
V)
Meter Found (V) 5.86 | 8.88 | 9.34 | 3.66 | 7.17
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Fig,10.Adjustable power supply physical map

Keyboard input is 8.8, the measured results shown in
Figure 10 the actual circuit

- A

Fig.11 .Found Results

Keyboard input is 8.8, the measured results shown
in Figure 11 the actual circuit

By tablel, we can see that the adjustable regulated
power supply preset value and the actual output gap,
completely within the allowed error range.In order to
reduce the error, we not only in the aspect of software
through A/D acquisition in real time to adjust PWM
wave duty ratios increased system stability, also add A
few auxiliary in terms of hardware chip to reduce the
ripple of reduce error. Through these two improvements,
just had our regulated power supply is so precise
output.
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Fig.12. Found Results

V. EPILOGUE

In this paper, the adjustable power supply 430
microcontroller-based digital design ideas, the main
hardware circuits are analyzed, and the software flow,
a good combination of theory and practice. Test
evaluation results showed that: 430 microcontroller
based DC power supply is good stability, high accuracy,
low cost, and its performance is better than traditional
adjustable DC power supply, which greatly improves
the performance of traditional regulated power supply,
easy to use, low cost. After testing, the output voltage
range of the circuit up to 0 ~ 12V.
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