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Tongji University Master Abstract

ABSTRACT

PID controller is the most basic and significantly important part of an automatic
control system. The selection of values of proportionality coefficient, integral time and
derivative time of a PID controller directly affects the control effect of the whole control
system. At present, there are two main methods to tune PID parameters: one is called
engineering tuning method which is based on tuning experience, the other is called
theoretical calculation method whose foundation is the transfer function of the
controlled object. The tuning results of the former method is closely related to the
professional experience of a tuning technician. What’s more, the tuning process often
needs to be repeated. Therefore, the application of the engineering tuning method is
limited. For the latter tuning method, once the transfer function of a controlled object
is known, the control parameters of a PID controller can be calculated according to
tuning formulas.

In this paper, to realize the self-tuning of parameters of a PID controller, a method
of online process identification based on PSO algorithm is proposed. Through the
reasonable selection of an objective function, this method can identify the transfer
function of a controlled system simply and quickly, at the same time, with high accuracy
and strong robustness. On this basis, a PID parameter self-tuning algorithm is built with
the application of SIMC-PID parameter tuning method. In order to ensure the method
can be used in actual control systems, the author proposes a method to determine the
steady state. In the meantime, a novel sampling period called "two steps" sampling
period method is put forward, in order to ensure the accuracy of the identification results
and reduction of the computational burden. Finally, to verify the feasibility and
accuracy of the self-tuning method, the author developed a self-tuning program and
built a "water simulation -VAV" air conditioning system experimental platform. From
the tuning results of PID controllers of a variable frequency pump and an electric
control valve, PID self-tuning method based on online process identification developed

in this paper is very practical, and the performance of its tuning ability is good.

Key Words: Process identification, transfer function, PID self-tuning, judgement of

steady state
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& A 561 ERERF

Yot —EHE

Yo BBV N 5 451 x[ 1T AR TR H, 2PN RS2k, x[3]ALEIR I [H]

% BRIl 5 A5 x[ 1N RN E 1, x[21 B AN £ 2, x[3INBURREE &, x[4]
N AEIR I ]

clear all;
clc;
Yo------25 S W AR AL S A
c1=1.4962; %5 AT 1
c2=1.4962; %% IR F 2
MaxDT=200; Yot NIEAIREL
D=3; Yol R A A1 4E R CRANEA 20
N=40; Yo G AL FER AN A2 B
global t
global
t=[0:10:200];
f1=[0.00 0.03 0.28 0.77 1.40 2.06 2.66 3.18 3.61 3.95 4.22 4.42 4.57 4.69 4.77 4.83 4.88 4.91
4.94 4.95 4.97]; %o iR L HE
£=[0.00 0.034 0.290 0.746 1.389 2.107 2.703 3.107 3.635 3.784 4.323 4.405 4.441 4.517 4.536
4.607 5.120 5.134 4.821 5.019 4.966]; %o R A SEIR
%o------WIGE AP A2 (T AAE X B PR S o7 B ROl JE ) Y ) -
for i=1:N

for j=1:D

x(i,j)=randi(50,1);  %BENLHILAIL AL B
v(i,j)=randn; Yo BENL UG E

end
end
Yo------SE Tt EEMNRLTHIE RN, FEHIEE1E Pl AT Pgeeeeemmm oo eee
for i=1:N

p(i)=fitness(md(x(i,:)),x(i,:));
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y(i,:)=x(i,:);

end
pg=x(1,>); %Pg N4 Ry
for i=2:N
if fitness(md(x(i,:)),x(i,:))<fitness(md(pg),pg)
pg=x(i,2);
end
end

for z=1:MaxDT
w=0.9-(z-1)*0.5/(MaxDT-1); % 5 AL E M 0.9 L35k % 0.4
for i=1:N
v(i,:)=w*v(i,:)+cl *rand*(y(i,:)-x(i,:))+c2*rand*(pg-x(i,:));
x(1,:)=x(1,:)+v(i,:);
if fitness(md(x(i,:)),x(i,:))<p(i)
p(i)=fitness(md(x(i,:)),x(i,:));
y(,:)=x(,0);
end
if p(i)<fitness(md(pg),pg)
pg=y(i,");
end
end
Pbest(z)=titness(md(pg),pg);

end

Yo------B Ja 5 i THR 45 IR

S
disp('BR B )& R AL E e )

Solution=pg'

disp('f Ja 15 BRI IRAE 9 )

Result=fitness(md(pg),pg)

disp('*************************************************************')

7 — Hyk4E W ---DreamSun GL & HF
MV=md(pg);
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figure(1)

r=[1:MaxDT];
plot(r,Pbest,'r--','linewidth',2);
xlabel (‘LA VL)
ylabel("J& B FE1H")

hold on
fv=fitness(md(pg),pg);
figure(2)

plot(t,f,")

hold on

plot(t, MV,'*")

legend('system value','model value')
figure(3)

plot(t,f1,""")

hold on

plot(t, MV,"*")

legend('system value without noise','model value')

function F=fitness(md,x)

global t

global

if x(1)-x(2)<0|[x(3)<0
F=1e300;

else

a=f-md;

b=sum(a."2);

Fl1=sqrt(b/(length(f)-1));

s=0;

for i=2:length(f)
s=s+((f(1)-f(i-1))/(t(1)-t(i-1))-(md(i)-md(i-1))/(t(1)-t(i-1)))"2;

end

F2=sqrt(s/(length(f)-2));

F=F1*F2;
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End

md for first order plus delay time
function n1=md(x)
global t;
for i=1:length(t)
if t(1)<x(3)
nl(i)=0;
else
nl(1)=x(2)*(1-exp(-((t(1)-x(3))/x(1))));
end

end

md for second order plus delay time
function n1=md(x)
global t;
for i=1:length(t)
if t(i)<x(4)
nl(1)=0;
else
nl(1)=x(3)-(x(1)*x(3)*exp(-(t(1)-x(4))/x(1)))/(x(1)-x(2)+(x(2)*x(3)*exp(-(t(1)x(4))/x(2)))/(x(1)
- X(2));
end

end
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BT TF—M R&EM S, LH YR ZI0) RSB EPRR S HE KRR N 0.05 B,
SF B gt e AR ARG 2.21), % K=1, 6=0 I Afaifk A
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ik C MATLAB OPC & Pin & 2R (LABIE) 1 Jafl)

da = opcda('localhost', 'PhoenixContact. AX-Server.21');

Yl EE — ™5 AR 55 s A BT opeda X 4
connect(da); % iEFER %5 45-1 37 MATLAB 545 7€ OPC IR 55 2% 2 8] i+

if da.status=='connected'

grp_RoomI1=addgroup(da,'Group Room1'); %)% OPC ¥ 15 ] 4L 5F %

% 7] ZH HH s i 1

Room1 Test=additem(grp Room1,TestResource.Main.Room_1 Test'); %A%
Room!1_Test In=additem(grp_ Room]1, TestResource.Main.Room_1_Test In"); %&17
Rooml1 TempSP=additem(grp Room1,'TestResource.Main.Room1 TempSP');

Yo nl /K I B ¢ E

Room!_Temp=additem(grp_Room1, TestResource.Main.Room1_Temp'); % [=l /K i &

Room1 Flow=additem(grp Room1, TestResource.Main.Room1 Flow");  %ii &

Room1 Kc=additem(grp Room1,'TestResource.Main.Room 1 Kc'); Yort A1 A
Room1_Ti=additem(grp_Room1,'TestResource.Main.Room_1_Ti'); %A 43Ik [
Room1 Td=additem(grp Room1,'TestResource.Main.Room 1 Td'"); %ol 73 BF []
end
write(Room1_Test,1); %5 N PLC, FFGMH

write(Room1 Test In,30); %ML E N 30%

start(grp Room1); Y%id sk H G
wait(grp_Room1); % EFIT K
disconnect(da); %W H OPC &2
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