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TOI UU HOA BQ PIEU KHIEN PID
BANG GIAI THUAT DI TRUYEN

Nguyén Chi Ngén*
ABSTRACT

PID controller is a very popular controller in industry, that is commonly designed by the
Ziegler-Nichols tuning method. However, due to the effect of noise and the errors of
measuring devices, it is difficult to obtain the optimal values of K, Kq and K; of the PID
controller. In that case, the designer needs an experimental process for fine tuning the
controller, which is unreliable to reach the optimum parameters. In order to improve the
fine tuning process, the paper presents a solution of using Genetic Algorithm to achieve
the optimum PID controller around the operating point of the Ziegler-Nichols algorithm.
The results getting from simulations on DC motor speed control system indicates that
using Genetic Algorithm can improve the quality of the PID controller. The system
response has no overshoot. The rising time is reduced up to 98+0.24%. And the steady-
state time is decreased up to 97+0.33%.
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TOM TAT

B¢ diéu khién PID la mét bo diéu khién rdt phé bién trong cong nghiép. Phwong phdp
théng dung dé chinh dinh bé dléu khién nay la giai thudt Ziegler-Nichols. Tuy nhién, do
anh huong cua nhiéu va sai s6 cua thiét bi do ma phwong phdp nay kho co thé dat dwoc
gid tri toi wu cho cdc hé s6 Kp, Ka va Ki ciia bg diéu khién PID. Trong truong hop do,
nguoi thiét ké phdi thuc hién mot qua trinh tinh chinh cac tham so cua bo diéu khién.
Piéu d6 doi héi kinh nghiém, ciing nhw khéng cé co sé dé xdc dinh gid tri t6i wu cho cdc
tham sé can tinh chinh. Nham hé tro' cho qud trinh ndy, bai bdo trinh bay mét kj thudt
ing dung gidi thudt di truyén d@é tim kiém gid tri toi wu cuia bo diéu khién PID xung quanh
diém diéu hanh cia gidi thudt Ziegler-Nichols. Két qud mé phong trén bdi todn diéu
khién téc do dong co dién mot chiéu cho thd'y, chat luwong bo diéu khién dwoc cdi thién ré
rét. Pdp ing ciia hé thong khéng bi vot 16 ddng ké. Thoi gian tang ciia dap g dwoc rit
ngdn 98+0,24%. Thoi gian xdc ldp ciia hé thong dwge rit ngdn dén 97+0,33%.

Tir khéa: B¢ diéu khién PID, phwong phdp Ziegler-Nichols, gidi thudt di truyén

1 GIOI THIEU

Ngay nay b diéu khién PID (Propomonal—lntegraI—Derlvatlve controller) dugc tng
dung rat pho bién trong cong nghiép, do kha ning diéu khién hiéu qua, tinh don gian
trong thiét ké va pham vi ung dung rong (Salami, M. & G. Cain, 1995). Trong 1y
thuyét diéu khién, c6 rat nhiéu phuwong phap dé hiéu chinh thong s6 cta bo diéu khién
PID, ph bién nhat 1a phuong phap Ziegler-Nichols (Kwok, D.P. & P. Wang, 1992).
Tuy nhién, d6i voi mot sd hé thdng, viéc hiéu chinh b diéu khién PID bang phuong
phép nay doi hoi mot qua trinh thuc nghiém kha mét thoi gian (Jones A.H. & P.B.M.
Oliveira, 1995). Thong thudng, cac thong sb cua bo diéu khién dugc xac lap bang
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phuong phép Ziegler-Nichols (Z-N) dua trén két qua do dac duoc tir dép tmg ciia hé
thdng. Tuy nhién, do anh huéng ciia nhidu va sai sé cua cac thiét bi 1én tin hiéu do,
dan dén viéc hiéu chinh thong sé ctia bo didu khién PID kho dat dugc gid tri t6t. Vi
vy, mot qua trinh tinh chinh duogc thuc hién trude khi ap dung bd didu khién vao hé
thong (Kwok, D.P. & P. Wang, 1992). Van d¢ 1a 1am thé nio dé c6 thé tinh chinh
thong sb cua bo diéu khién dat duoc gia tri tdi vu.

Nham muc tiéu t0i uu hoa céc thong sb thiét ke, nhiéu giai thudt may tinh da duoc
nghién ctru va trién khai Gng dung. Trong do, giai thuat di truyen (Genetic Algorithm
- GA) duoc st dung rong rai dé xay dung h¢ thong diéu khién (Singh, R. & 1. Sen,
2004). Giai thuat nay dya trén mot co che tuong tu nhu qua trinh di truyén tu nhién dé
tim kiém gia tri t61 wru ctia cac tham sd thiét ké, thoa man mot ham muc tiéu nao do,
trong mién xac dinh cua chung. Tuy thudc vao vi¢ce thiét 1ap ham muc ti€éu ma nhiéu
nghién ctru ap dung giai thuat GA dé tim kiém tham sd t6i uu cho bd diéu khién PID
da duoc thuc hién (Salami et. al., 1995; Kwok et. al., 1992; etc.). Tuy nhién, do b
diéu khién PID c6 ba tham s6 nén viée tim kiém truc tiép cac gia tri t6i wu cua ching
trong mién xac dinh doi hoi rat nhiéu thoi gian (Mitsukura et. al., 1997). Vian dé 1a
1am sao gi6i han khong gian tim kiém nay dé c6 thé rat ngan duoc thoi gian thiét ké.

Bai bdo mé ta mot phuwong phap ap dung giai thuit GA dé tim kiém gia tri t6i wu cua
bd diéu khién PID xung quanh gia tri dat duoc tir phuong phap Z-N. Piéu nay c6
nghia rang, phuong phap Z-N dugc dung dé gidi han khong gian tim kiém. Sau do,
giai thuat GA duoc 4p dung dé tim cac gia tri toi wu ciia bo diéu khién trong khong
gian nay. Ngoai ra, bai bao cling so sanh chat luong dap tng ctia hé théng, thong qua
viée thiét ké cac bo diéu khién théa man cac ham muc tiéu khac nhau, bao gém IAE
(Integral of Absolute Error), ITAE (Integral of Time xAbsolute Error) va MSE (Mean
Squared Error). H¢ théng diéu khién toc do dong co dién mot chiéu duge ap dung dé
kiém chumg giai thuat.

2 PHUONG PHAP THUC HIEN

2.1 Muc tiéu tong quat

Trude tién, d6i tugng diéu khién dugc xem xét nhu mot hop den — didu nay phu
hop véi cac mg dung trong thyc té. Mot chu ky nhan dang hanh vi ciia hé thong
duogc xac lap, duya vao dap (mg budc vong ho ciia d6i twong. Tir dap tng nay, gidi
thuat Z-N duogc ap dung dé xac dinh ba thong s6 cta bo diéu khién PID. Ba thong
sd nay 1a co s& dé gii han khong gian tim kiém cua giai thuat GA. Nhiém vu cta
giai thuat GA 1a chon loc bo ba {Kp, Kq, Ki} ti wu cho bo diéu khién PID, thoa
man mot trong cac ham muyc tiéu IAE, ITAE va MSE (Hinh 1).

GA
- yi(t): Tin hi¢u tham khéo;
é{Kp’ Ko, Ki} y(t): Dap g cua hé théng;
yi(t) oI u(t) s y(t) u(t): Tin hi¢u dieu khién
F 7 e(D) 01 tugng > e(t): Sai biét gitra tin higu tham
) khao va dép tng cua th¢ thong.

Hinh 1: M hinh tdng quat ciia hé thong diéu khién
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2.2 Bj diéu khién PID

Ham truyén ctia bd diéu khién PID 1y tudng duoc xac dinh bai (1) (Johnson M. A.
& M. H. Moradi, 2005).

1
Gop(S) = Kp(1+ _I_i—S+Tdsj (1)
Trong d6, Kp 1a hé sb ti 16. Ti va Tq 1a cac thoi hing tich phan va vi phan tuong
ung. Cac hé so tich phan K; va vi phan Kgq ctia bo di¢u khién dugc xac dinh bai (2):

Ki = T—p, Kd = KpTd (2)
Tir (2), ta biéu dién (1) twong duwong véi (3):

K.
GP,D(S):KP+?'+ K,s 3)

Nhiém vu ctia nguoi thiét ké bo dicu khlen PID, xac dinh boi (3), 1a chon Iya bo ba
gia tri {Kp, Kq, Ki} thoa man cc yéu cau vé chat lugng diéu khién.

2.3 Phwong phap Ziegler-Nichols

Ziegler va Nichols di dé xuat hai phuong phéap thuc nghiém dé thiét ké bo dicu
khién PID. Trong bai nay, chung ta chi quan tam dén phuong phap thiét ké dya
trén dap ting budc vong hé cia doi tuong.

y(®)

Ym

- 0.632yy

-

u(t) y(®)

— Doi tuong —

0.285yy

t t2

Hinh 2: Nhin dang d6i twong diéu khién
Trudce tién, ngd vao cua dbi tugng duge ap dung mot tin hiéu dang ham bude (con
goi la ham nac). Sau d6 dap mg cua dbi tugng, goi 1a dap tng budc, duge do dac
dé xac dinh hai tham sb co ban, d6 13 thoi gian tré L va d6 doc cuc dai R cua
dudng cong dap Gng (Hinh 2). Tir hai tham sb nay, bo diéu khién PID duoc xac 1ap
theo (4) (Astrom, K.J. & T. Hagglund, 1988).

1.2

PN =R’ Ty =05 T,y =2L (4)
Tu (2) va (4) ta co:
1.2 0.6 0.6
p_Z-N :ﬁ; Kd_Z—N :F; Ki_Z—N :W (5)
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Thong thuong, duong cong dap mg budc vong ho cua dbi tuong chiu anh huong
ctia nhiéu va sai sb cua thiét bi do. Do viy, viéc xac dinh truc tiép hai tham s6 R la
L tur duong cong dap ung khong duoc chinh xac, dan dén cac thong sb {Kp zn,
Ka_zn, Ki_zn} khong dat dugc gia tri t6t. P& han ché diéu nay, mot phuong phap
xac dinh gian tiép R va L duoc dé xuat, thong qua viéc xac dinh hai thoi diém t; va
t, (Hinh 2). Thoi diém t1 Va tp, twong tng, duge xac dinh tai vi tri ma dép tng cua
hé thong dat duoc 28,5% va 63,2% gia tri xac 1ap. Tir hai gia tri t VA t, cac tham
s6 R va L duoc xac dinh bai (6) (Smith, C.A. & A.B. Corripio, 1997).
1l _t) R_2_ Yu

L—2(3t1 tz)’ R—gm (6)
Trong do, ym la gia tri xac 1ap cua dap ing budc vong ho cua d6i tuong. yrm 1a bién
do cua tin hiéu budc dugc ap dung vao d6i twong. Khi thoi gian tré cua h¢ thong
dang ké, tirc gia tri L 16n, chua ké dén anh huéng cua nhidu va sai sd cia thiét bi
do, thi {Kp zn, Kd zn, Kizn} dat duoc tu (5), khong thoa mén chét luong dleu
khién hé thong. Cac gia tri ndy can phai dugc tinh chinh lai bang thyc nghiém, mét
kha nhiéu thoi gian, truéc khi ap dung (Jones A.H. & P.B.M. Oliveira, 1995). Muc
tiéu cia bai bio nay nham hd trg qua trinh tinh chinh trén bang mot giai thuat
théng minh trén may tinh.

2.4 Ham muc tiéu
Trong hé diéu khién vong kin Hinh 1, goi e(t) 1a sai biét gitra tin hiéu tham khao
yr(t) va tin hiéu dap ung y(t) cua thé thong, thi:

et) =y, () -y (7)

Cac ham muc tiéu cta qué trinh tinh chinh bo diéu khién, trong bai toan ndy, duoc
dinh nghia nhu sau:

IAE: J, = T|e(t)|dt (8)
IATE : J, = Tt|e(t)|dt (9)
MSE: J, = %ieﬁ(t) (10)

Nhiém vuy cua giai thuat GA dugc ap dung la tim kiém céc gi tri {Kp_opt, Ka_ opt, Ki
opt} t0i wru ctia bo diéu khién PID, ma & d6 cac ham Ji =13) dat gia tri cuc tiéu. Néi
cach khac, ham muc ti€u cua giai thuat GA la:

min {Jiga=1,3)} (11)

Nham gi6i han khong gian tim kiém cia giai thuat GA, ta gia thiét cac gia tri tbi
uu {Kp_opt, Kd_opt, Ki_opt} nam xung quanh gié tri {Kp_zn, Ka_zn, Ki_z.n} dat dugc tir
giai thuat Z-N. Cac gidi han tim kiém twong tmg cho ba thoéng sb cua bo diéu
khién PID nhu sau:
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aKp 7N S p opt—ﬁKp Z-N
aKy 72N S Kq _opt < PKy Z-N (12)
aK; Z-N S <K Copt = ﬁKi_Z—N

Trong d6, cac hé sé a va S duge chon sao cho khong gian tim kiém du rong dé
chtra dugce gia tri to1 vu mong muon. Két qua mo phong trén moé hinh hé thong
diéu khién toc d6 dong co cho thay, a=0,02 va =50 la théa man.

2.5 Giai thuit di truyén

Giai thuat GA dugc hd trg boi phain mém MATLAB va dugc trinh bay chi tiét
trong (The Mathworks Inc., 2007). Bai bio nay khong nhim muc tiéu trinh bay vé
giai thuat GA. No chi dugc st dung nhu mot cong cu dé giai bai toan t61 vu, nham
dat dugc cac gia tri {Kp opt, Kda_opt, Ki_opt} thoa cac ham muc tiéu (11) véi khong
gian tim kiém duoc giéi han bai (12).

Céc tham s cua giai thuat GA trong nghién ctru nay dugc chon lya nhu sau: qua
trinh tién hoéa qua 50 thé hé (generations=50); kich thudc quan thé 20
(populationsize=20); tan sudt lai ghép 0,8 (CrossoverFraction=0,8); xac suit dot
bién dugc diéu chinh thich nghi trong khoang tir 0,001 dén 0,01.

Khai tao quén thé ngiu nhién
ban dau cho {K, K, Ki}

Thiét 1ap PID v& m6 phong hé
vong kin dé xac dinh e(t)

Udc lugng gid tri
ham muc tiéu Jij=13)

Sinh thé hé méi Yes ]
1 Luu gia trj toi wu
No Kp_opt
l Kd_ opt
Cac thu tuc cua GA Ki opt

Chon loc
Dot bién

[
Hinh 3: Luu dd tién trinh GA xac dinh thong s6 b diéu khién PID

Tién trinh tim kiém gi4 tri t6i vu cta bd diéu khién PID bang giai thuat GA duoc
md ta tom tat trén luu d6 Hinh 3. Két qua tim kiém céc thong sd cta bd dicu khién
PID bang giai thuat GA, thoa man cac tiéu chuan chat luong IAE, ITAE va MSE,
duogc trinh bay trén Bang 1. RS rang, gia tri cac thong sé cua bo diéu khién PID ma
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giai thuat GA dat duoc kha xa cac gid tri dat dugc bang phuong phap Z-N. Piéu
nay minh chimg cho sy kho khan trong qua trinh tinh chinh b$ di€u khién theo
phuong phap “thir va sai” cua ngudi thiét ke, sau khi dung phuong phap Z-N.

Bang 1: So sanh thong s ciia bd diéu khién PID theo cac tiéu chuin thiét ké

PID Z-N GA_IAE (J1) GA ITAE (J2) GA_MSE (J3)
Ko(-) 2.7273 41.1345 34.2229 75.3636
Ki(s)  0,0902 1.7939 1.3859 3.5937
Ki(Hz) 20.6612 214.0640 180.2925 384.1574

3 KET QUA

3.1 Poi twong diéu khién

Déi tuong diéu khién duoc chon dé minh hoa cho bai toan néy la mo hinh quan hé
gitra dién ap va toc do dong co dién mdt chiéu, c6 ham truyén xac dinh bdi (13),
duoc trinh bay trong The Regents of the University of Michigan, 1997

S(s) K
V(s) (Js+b)Ls+R)+K? (13)

Trong do, moment quan tinh cua rotor J=0.01 kgmzls2 hé s6 ma sat b=0,1 Nms;
hing s6 strc dién dong K=0,01 Nm/A; dién tré diy quan R=1Q; dién cam cudn day
L=0,5 H; ngd vao V ctia mo6 hinh 1a dién ap dat 1én hai dau cudn day (don vi V);

Ngd ra S ctia mé hinh 1a téc do rotor (don vi rad/s).

3.2 Két qua md phéng

1r- [T [
]
]
]
]
1 o
0.8F : ’

— I

n ]

'8 1

g i

- 0.6 I

o |

8 |

2 I

2 !

o L

S 04r :

= | Z-N Algorithm
S GA_IAE criterion

0.2 - ‘ :: GA_ITAE criterion 7|
; o GA_MSE criterion
rising time=0.91s ———Set-point
0~ : ; r : r
0 0.5 1 15 2 25 3

Time [s]
Hinh 4: P4p tng budc don vi, ing véi 4 by diéu khién PID

Sau khi woc luong duge bo diéu khién PID bang phuong phap Z-N va ba bo diéu
khién PID bang giai thuat GA, tuong tng voi ba tiéu chuan chit luong IAE, ITAE
va MSE (Bang 1), cac bo diéu khién nay lan lugc duogc ap dung cho mo hinh diéu
khién héi tiép 4m don vi, Hinh 1. Cac ngd ra twong tng cta hé thong duoc v& trén
cung d6 thi dé so sanh tryc quan chat lugng cac bo diéu khién.

246



Tap chi Khoa hoc 2008:9 241-248 Truong Pai hoc Can Tho

Bang 2: So sanh céc chi tiéu chat lwong diéu khién

Chi tiéu PIDzn PIDcga _iae PIDca_ITAE PIDga_mse
(+0.01) (+0.001) (+0.001) (+0.001)
Do vot 16 (%) 0 0,02 0,25 0,01
Thoi gian tang (s) 0,91 0,01 0,007 0,008
Thoi gian xéc 1ap (s) 1,03 0,013 0,018 0,015
4.5 T T T T T
4 [~ :'7‘ _i 7
35 E 4
7 25 T
g ..l F )
s 15 e 2N Aot
1+ - ————— GA_IAEcriterion -
, GA_[TAE criterion
o~  mm=—= GA_MSE criterion -
L — Set-point
0 : : : : :
0 5 10 15 20 25 30

Time [s]

Hinh 5: Pap ng bic thang bién dd thay déi, ng véi 4 bd diéu khién PID

T T 9 9 9
L Pl TE
3 o
e
] .-
299 i |
@ 1
3 H
g I'.i .......... Z-N Algorithm .
3 2.98 :: .= GA_IAE criterion N
3 Hi GA_ITAE criterion 3
2 Wl ————- GA_MSE criterion
bt - | |
% 291 :: —Set-point
= :i
296 i |
!
1
| _.
295 1 : |
[H H
Tl . e : . .
25 25.5 26 26.5 27
Time [s]

Hinh 6: Nhin gin dap ing bic thang Hinh 5

Hinh 4 trinh bay dap ng budc don vi (bién do bang 1) ciia hé thdng, tng véi bon
bd diéu khién PID x4c dinh béi cac thong so cho trén Bang 1. Tuong tw, Hinh 5 so
sanh dap ung bic thang bién do thay ddi cua hé théng, Gmg véi bdn bo didu khién
trén. Hinh 6 trinh bay mot phan dap tng bac thang & Hinh 5 (nhin gan). Tir két qua
trén Hinh 4, 5 va 6 ta thdy, giai thuat GA da cai tién t6t bo diéu khién PID xac dinh
bang phuong phap Z-N. Mot thu tuc don gian dugc ap dung dé tinh toan cho thiy:
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thoi gian ting cia dap ung dugc rat ngan 98+0,24%; thoi gian xac 1ap cia hé
thdng duogc rat ngan dén 97+0,33%; dap umg khong bi vot 16 16n va sai s6 xac 1ap
khong dang ké. Két qua so sanh cac chi tiéu chat luong diéu khién duoc trinh bay
trén Bang 2.

4 KET LUAN

Bai béo trinh bay mot phuong phap tim kiém gia trj tdi wu cua bo diéu khién PID
bang giai thuat GA, théa méin cac ham muc tiéu IAE, ITAE va MSE, dya trén cic
gia tri khoi diém xac dinh bai giai thuat Z-N. Uu diém 16n cua _phuong phap nay la
thiét ké dugc bo didu khién toi wvu ma khong can quan tdim dén mo hinh toan cia
d6i twong. Boi vi, trong qua trinh thiét ké, cac giai thuat chi dya trén cac tin hiéu
vao ra do dac dugc tir hé thong. Tuy nhién, nhuge diém ciia phuong phap nay la
phai chay rat nhiéu vong hoi tiép am don vi dé xac dinh gia tri ham muc tiéu trong
qua trinh 4p dung giai thuat GA. Trong thuc té, diéu nay khong phai luc nao cling
dugc phép. Ngoai ra, dé c6 thé ung dung duoc trong thuc tién, hé thong can dugc
trang bi thém cac thiét bi do dac tin hiéu. Khi do, viéc thiét ké bd diéu khién thoi
gian thuc trd nén kha thi cho nhiéu d6i tugng bang cach két ndi may tinh vao cac
thiét bi do dac nay.
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