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ABSTRACT

Virtual laboratory based on MATLAB GUI to complentethe teaching of the course, to help teachers
explain the curriculum theory better, and enhaedents' understanding of the course. In this pdisted
common experiment in "Automatic Control Theory"dagiven the GUI panel design and program design.
Given the corresponding parameter can get curvéglata in applications, to further analyze theuefice

of different parameters on the system. The methasl & friendly interface, easy operation, precisgé an
intuitive image data make up for deficiencies in the traditional teachihelp to improve the quality of
teaching and student understanding of "Automatintfeb Theory" course.
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1. INTRODUCTION specific function and can return results data shrow
the corresponding display area of the program
"Automatic Control Theory", many colleges andnterface . GUI is composed of windows, menus,
universities Electric Automation class view it as duttons, and text description. It can not only edhbe
professional basic course, occupies a very impbrtaim existing simulation program, but also be able to
position in teaching .The course of the basipresent the result of simulation to the customer
concepts of the theory of control theory, basithrough a dynamic way of human-computer
analysis methods and practical applications. Due toteraction, which gives customers a deep
the abstraction of the concept of curriculum theorympression, at the same time the simulation code is
involving cumbersome mathematical theory andot visible, make it possible for the people whe ar
derivation of the teaching process, teachers needrtot familiar with MATLAB to operate it.
draw a lot of curves on the blackboard, when
analyzing large number of factors, it is alway
difficult to separate them with a limited number o

color and guarantee the accuracy of the curv . ! .
thereby it affects the students' ability of e MATLAB program for simulatidff. This will

understanding and receptivity and enable studer%eatly save the drawing analysis teach time,

to be difficult to grasp the basic issues, ideag ar Prove teaching .q“a."Fy of teachers, enable
s&tl:dents to be more intuitive and easy to undedstan

methods. Therefore, the use of computers ar out the basic concepts of the control system, the
software to achieve in the process of teachin@ P Y !

drawi : i . asic theory and analysis methods, and will also
rawing and image analysis could improve the

teaching quality of teachers, and then students alsave a lot of experimental (_equment_ and funtts
could have a intuitive understanding of curriculunv0id the problems for lacking of equipment.

theory, therefore makes teaching reform come true. Section 2 presents the overall design of the

MATLAB is launched by Mathworks Inc, USA system. In secti_on 3, we introduced th_e correct_ion
in the mid-1980s, which is high-performancetheory' In section 4 introduced de'Falled d_e5|gn
numerical software and is mainly used fosteps of the correction system. Section 5 gives a
algorithm development, scientific computing, andenclusion to the whole paper.
interactive program design. The graphical use¥ PROGRAM OVERALL DESIGN
interface (GUI) is the element which is createdin
graphical interface and enable customers use some

methods (such as a mouse or keyboard) to achieve d "e main of the design is the use of MATLAB
GUI function to realize Virtual Experiment

s
155

S Virtual Test Bench is an experimental platform
fdesigned on the base of MATLAB GUI; it achieves
%ﬂhe desired effect by GUI design panel and calling
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platform which are common in "Automatic ControlControl Theory" course. You can choose according
Theory" course. It mainly includes the followingto need, enter the sub experiment system. The flow
eight experiments: chart of the program overall design is shown in

Experiment 1: Virtual Experiment platform forflgure L.

time domain typical form of a first order system You can enter the system interface, in which
based on the MATLAB GUI. users can conveniently choose to the running

. - . system what they want, and can return to the
Experiment 2: Virtual Experiment platform for . . .
. ; : interface after the experiment in order to carrytne
time domain transient response of a second-ord

I . . . . .
system based on the MATLAB GUI. gxperlment. The interface is shown in figure 2.

Experiment 3: Virtual Experiment platform for| ~
linear system in time domain stability analysig Select One Exeriment
based on the MATLAB GUI.

Experiment 4: Virtual Experiment platform for

Time Domain

linear system of the root locus analysis basecden t Root Locus Experi.
MATLAB GUI.
requency Domain Anal..
Experiment 5: Virtual Experiment platform for
linear system of the frequency domain analys System Correction

based on the MATLAB GUI.

Experiment 6: Virtual Experiment platform for
system correction based on the MATLAB GUI.

Discrete System|

i

Nonlinear System EXIT

Experiment 7: Virtual Experiment platform for
discrete system analysis based on the MATLAL
GUL.

Experiment 8: Virtual Experiment platform for

nonlinear system analysis based on the MATLAB The system includes mult_|ple experiments, the
GUI designed process of correction system virtual test

bench to illustrate the designed process of systems
experiment is listed below.

. 3. DESIGN PRINCIPLE OF VIRTUAL
BENCH OF CORRECTION SYSTEM!?3

Figure 2: The Main Interface

[ Esan Teis e I 3.1 Series Leading Correction of The frequencies
Law
l The basic principle of using the lead network or
PD controller series corrected is using the advance
geicehinaieament I characteristics of the phase angle of a lead nétwor
l or PD controller. By choosing the lead network as

| Experimental

system

long as the cut-off frequency of both sides of the
| system to be corrected and selecting the apprepriat

parameters? and T, then you can make revised
- cutoff frequency and phase margin meet the desired
E-TL . .
performance requirements and thereby improve the
dynamic performance of the closed-loop system.
Figure 1: The Flow Chart The stability of closed-loop system performance
requirements are ensued by selecting corrected open
It adds the system login interface and systemoop gain of the system. Stepping ahead correction

experiment selection interface in order to manageetwork design frequency methods are as follows:

the data effectively, because of the large number ?1 A di h . f th d
procedures involved. After correct landing, inte th ) According to the requirements of the steady-

system experiment selection interface, whicfftate error, determine the open-loop gain K.
contains all of common experiments in "Automatic

s
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(2) According to determined the open loop gain K, _1-sing,,
plot the frequency characteristic curvé(@) - 1+sing,,
@,(@) ) of the number of pairs of the original (4) Determining correcting the transfer functioreof
. . ' network.

system and calculate its stability margiy + Lyo-
(3) Determine the correction value of the cutoff According to the value Sthand?, we
frequencya)é and network of the systel after can determine the time constant for
corrected. 1 _

T= ., You can write the transfer
@IF it gives prior request for the cutoff frequency a)m\/E

a); of the corrected system, and then we cafunction of the correction network
choosew. according to the value of requirement _ Is+l
c 9 q forG,(S) =——

Then search the value of,(w,) of original aTs+1

system in BODE diagram, make the sum of5) The draw correction system after logarithmic
logarithmic amplitude and frequency values ofrequency characteristic curve.

(6) The checksum corrected after the system meets

f tworkL ( )—10I1 d Ly(w,
ormer. networkL, (¢4,) = ga and Lo (o) the requirements of a given indicator.

(7) Determining the values of the various electrica
components of the network depending on the value
of the lead network parameters a and b.

. . . 3.2 Serial Lag Correction
@IF it does not give prior request for the cutoff The fundamentals of the reason why make use of
frequency aJ'C of the corrected system, you canlag network or Pl controller to conduct series
correction is their high frequency attenuation
characteristics.

be zero, so it'sLy()) +10Ig£ =0, then we
a

could get the value off of former network.

obtain the maximum lead angl@,, of former

network through the following empirical formula

from the given phase margin requiremenys: It will obtain the phase margin which meet

requirements, by using the characteristics to reduc
G.=V-Vo¥A (A=5010). In the formula the cutoff frequency of the corrected system.

¢m is the network's biggest lead ang%;is the
phase margin which the corrected system require

Therefore, the maximum lag angle of lag network
nhould be not chosen at the place which is near the
ystem cut-off frequency.

Yo is phase margin of uncorrected syste® is Generally, it considers using Series lag
the amount of compensation of result of the phasgrrection, when a system prefers to high
margin of introduced the cutoff frequency; Thesuppression noise level performance rather than
value of A s based on the size as the origindhigh response speed.

system in the vicinity of the phase frequency | can design a lag network with frequency

characteristic shape, in geneAl=5 ~ 10 could method as follows:

satisfy the requirement. Determine the open loop gain K, base on the

After obtained the value of,, of network lead steady-state error requirement.

angle of former network, then we can obtain the Draw the original system's logarithmic frequency
value of @ according to following formula; then on characteristic curvé, (&) * @,(w) and compute

a characteristic curve of the uncorrected system L

detects that its amplitude is equal to the frequendts stability margin}, . 9 , base on the
corresponding and so is the corrected cutofietermined open loop gain K.

w, .

frequency. Antfdm_ Determine the correction system of cut-off

frequencf‘) <,
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é"c . ) To verify whether the corrected system could
It can choose the™ according to the required yeet the given index. If it meets the requiremnt,
value, if it makes request to correction system of

can sh|ft ¢ further left and then recalculate until
fully satisfied the given index.

It can use the following empirical formula to find  petermine the element numerical of the electrical

cut-off frequenC)f‘)C in advance.

W) .
a new phase margn)(( ) which based on the network, according to thgand T of lag network.
requirement of the given phase margin, if it does

not make request to correction system of cut- off-3 PID Correction

PID regulator, also known as PID control,

frequency ¢ in advance. proportional, integral, differential regulation
, ) referred to. PID regulator, also known as PID
Vw)=y+A (A=5 ~15) D control,  proportional, integral, differential

regulation referred to. The PID correction is a

In (5), y(w,) is the phase margin at the new cutnegative feedback loop control. The PID corrector

usually connected in series with the controlled

off frequency Cof the original system. It is not object, set prior to the passage in the negative
only considering the given requirements andeedback loop control.

considering the lag network side effects and Respectively under the action of the PID

proposed a new phase margyris required phase regulator, the proportional, integral, differential

margin, Ajs phase Angle added for compensatin peration of the error signal e (t), and then sungmi

lag correction device side effects .it usually tak&® three components, use it as a control signal to
5 ~15 the controlled object.

PID regulator of differential equations for

According to the/(@) , find the corresponding de(t)

frequency of(@) in the original system phase

frequency characteristic curve. And the above

frequency is new cut-off frequency of the correatio !N the function, u (t) is the output signal of the
system. PID regulator, the signals are sent to the cormdoll

object; system error signal is defined as: e (t)(t-
Find B in lag network. Find the log magnitude-c (t), r (t) is given, (t) is the system of the amb
d charged input signal;

u(t) =K {e(t)+ [ +T, =~

frequency L,(w,) at w, of original system, an

get the value of8 with the following formula. PID regulator transfer function model is :

: _ _ 1
L(e;)-201g5 =0 2) GC(S)—KP[1+E+Tdsj
Determine the transfer function of corrective 5

network. Choosing the second corner frequency ¢ CORRECTION SYSTEM VIRTUAL TEST

corrective network as BENCH
_1"‘(—1'*})60‘ 4.1 Features
_T - 10 5§ ¢ (3) The system for the automatic control principle,

system calibration of virtual test bench. Divided

into three subsystems, respectively as series lead
correction system, series lag correction system and
PID correction system. Given system parameters

From this, it can figure out T adl , and get the
network's transfer function as

Ts+1 will generate a logarithmic frequency charactegisti
G, (8)=——— curve and a unit step response curve, and retoens t
BTs+1 (4) corresponding system parameters to check the

o calibration results.
Draw the log frequency characteristic curve of

the correction system.

158



Journal of Theoretical and Applied Information Technology

10" March 2013. Vol. 49 No.1 B
© 2005 - 2013 JATIT & LLS. All rights reserved- L ———
YT
ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

4.2 Interface Design!”

K=str2double(get(handles.editl,'String"));

Start MATLAB, into the GUI interface, and

establish a panel and main control, which are sho
in figure 3, figure 4 and figure 5.

Logarthmic frequency characteristic curve

axes

Introduction:The systern is series leading carrection
wirtual experiment systerm According to the systerm o1
the desired phase margin and other parameters, the
systermn output parameters and curves before and
after correction of the system

axes3
Step response curve Input Op;n \nnp gain K VF‘hase Fnargin
patameters: | 1
Dutput: T o 1
axes2
hefore correction:
margin frequenoy
J START
After correction:

Amplitude  Phase mamgin Caoft
mardin frequency BACK
| | |

Figure3: Series Lead Correction System Panel

Lagarithmic frequency characteristic curve

azesl

Introduction The system is series Lag correction

wirtual experiment system According to the systemn of
the desired phase marain and other parameters, the
=ystem output parameters and curves before and
atter carrection ofthe system,

axes3

Step response curve

Input Open loop gain & Phase margin
parameters | | | |

axes?

Output i - B

Before Correction:
G e
i margin freguency
3 ‘ i |
START

After Correction: o
Ampltutle  Phase :
marain margin reguency

+ BACK :

Figured: Series Lag Correction Séystem-PaneI

After the system parameters set, click on th

"start" button and an image produced.

Callback function of the series

system’s "start" button is as follows:

ori The system gives slogarthmic
characteristic curve &N the curye of sten

Input parameters:

axesd

BX

alogarithmic frequency characteristic curve

Step response cure R —

axest

aves2 A >

START BACK

Fgure5: PID Correction System Panel

V\g@ma:sterouble(get(handIes.edit2,'String'));
den=[11 0];

sysO=tf(K,den);

axes(handles.axesl);

bode(sys0)

grid on

[gm1,pm1,wgl,wpl]=margin(sys0); %For before
correction parameters

set(handles.edit5,'String’,20*log10(gm1));
set(handles.edit6,'String’,pm1);
set(handles.edit7,'String',wp1);
ph=gama-pm1+10;

phim=36*pi/180;
a=(1-sin(phim))/(1+sin(phim));
set(handles.edit4,'String',a);

[mag,phase,w]=bode(sys0); %Calculation cut-off
frequency

[mu,pu]=bode(sysO,w);
adb=20*log10(mu);
am=10*log10(a);
wce=spline(adb,w,am);
T=1/sqgrt(a)/wc; %calculate T
set(handles.edit3,'String', T);
nc=[T 1];

de=[a*T 1];

gysc=tf(nc,dc);

Theys=sys0*sysc; %Calculate correction system

lead correction

hold on
bode(sys)

[gm,pm,wg,wp]=margin(sys); %After adjustment
for parameters

set(handles.edit8,'String’,20*log10(gm));
set(handles.edit9,'String',pm);
set(handles.edit10,'String',wp);
sysl=feedback(sys0,1);
sys2=feedback(sys,1);

axes(handles.axes2);
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step(sysl) Input the parameters according to the
rid on experimental requirements and run the system, we
9 can easily get various curves as well as indicators
hold on parameters which are very convenient for us.
step(sys2y® 5. CONCLUSION WORDS

4.3 The Operation Results Of System Simulation

Logarthmic frequency characteristic curve

Bode Diagram

Introduction:The systern is series leading correction
wirtual experiment system.According to the system of
the desired phase margin and other parameters, the
systern output parameters and curves befare and

after correction of the system

Phass (deg)  Magnituds (dB)

100 R, [46}]
o= =
2 Ts+1
. G (s)= G (s)=
= 5 s(s+1) aTi+1
10 10 18
Frequency (radisec)
Step response curve Input Open loop gain K Phase margin
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Figure6: Results of Series Lead Correction

Logarithmic frequency characteristic curve

Bode Diagram Introduction:The system is series Lag correction
200 vitual experiment systern According to the system of
| the desired phase margin and other pararmeters, the
systemn output parameters and curves before and
after correction of the systern.

{s) ’

g

Phass (de)  Magntude (dB)

K Ts=+1
= G = (9) =~
(0. L+ D02k Fe v
o roif BTs+1
Frequency (radfsec)
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Figure 7: Results Of Series Lag Correction

Input parameters:

Inroctucton The systen is the PD conrection e K | 5 |
System Accordina to the comparstive analysis before and Gy(f) = —————— =
after cormection parmetsrs, The syster gives sogartmic (Ts +IXTs+1) o s ]
frequency characteristic curve ancithe curve of step ) . i ==
response. Gels) = K, 1+ + 1) e
5 T e
T2 01
alogarithmic frequency characteristic curve step respanse curve { _ i
Kp 1
B0de Diagram o i “il |
20 i T 10
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= Td 05
g e ;
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8 oo o
*: s Befare. After
o Correction. | - carrection
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o s G e |
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4 / Tine (sec) e LE =
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Figure 8: Rresults Of PID Correction

We design the principle of automatic control of
the virtual test bench; solve the difficulties ilass
and experimental teaching. And all of these are
based on the MATLAB GUI platform. This
experiment system based on MATLAB language
and GUI interface, with friendly interface, friepdl
interface, easy to operate and flexible, it is
appropriate to grasp, and has good scalability,
convenience of experimental simulation. It  will
provide students with a more intuitive
understanding of the analysis of automatic control
theory approach, more in-depth grasp of the course
content, once used for the experimental teaéhing
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