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Toém tat: Bai bao nay, dua ra phwong phap thiét ké thiét bj tw
didu chinh cac théng sb K, 1, &, ¢ ctia bd diéu khién (BDK) PID
bén virng dé diéu khién cho 16 phan (ng khudy lién tuc. Cac tham
s6 clia BDK PID bén virng dugc xac dinh bang cong thirc mai st
dung ngudng thay ddi cta cac thanh phan khéng xac dinh va
nhiéu bén ngoal Su héi tu ctia hé théng duwoc chwng minh dwa
vao tiéu chuan 6n dinh Lyapunov. Sy thay ddi ctia thong sé BDK
PID bén vitng duwgc dleu khién truc tuyén dwa trén sy sai léch
gitra tin hiéu mong mudn véi tin hiéu thuc cla hé théng nhe cac
quy tdc mo. Hiéu qua hoat doéng cta BDK dwa ra dwoc so sanh
voi BDK PID thong thuwong. Két qué mo phoéng cho thay khi hé
théng ¢4 qua trinh thay ddi phi tuyén Ién, BBK duwoc tw chinh dinh
thong sb c6 dac tinh t6t hon so véi BDK PID thong thudng.

Tl khéa: chinh dinh PID; chinh dinh PID bén virng; PID SCTR;
tw dieu chinh théng so PID; PID mgi

1. Pit van dé

BDK PID duoc st dung rong rai trong diéu khién qua
trinh cong nghiép vi tinh don gian va hiéu quéa cua no.
Trong cong nghiép nhiéu qua trinh diéu khién quan trong
nhu chung cat tinh khiét, phan (mg hoa hoc téa nhiét cao,
trung hoa nong d6 do pH,... Cac hé thong trén co tinh
chat phi tuyén rat 1on. Khi BDK PID thong thuong duoc
sir dung dé diéu khién qua trinh phi tuyén 16n, cac thong
s6 cia BPK phai duoc xac dinh rat kho khan, dé dam bao
hé théng on dinh trong cac diéu kién hoat dong.

C6 nhimng tinh huéng ma BDK PID thong thuong 1a
khong dap umg kip, nhu khi hé thdng co sy thay d01 16n
vé tinh phi tuyen Pé diéu khién qua trinh phi tuyén 16n
nay On dinh bang cach sir dung BDK PID bén viing ty
chinh dinh thong sb truc tuyén. Cac thong s6 cua BPK
PID bén vimg dugc cép nhét tryc tuyén thi hé thong co
duge su 6n dinh cao va dap Ung thoa méan yéu cau. Cac
thong sb cua BDK nay dwoc chinh dinh nho vao thiét bi
mo.

Trong bai bao nay, BDK PID bén viing tu chinh dinh
thong s6 duge xay dung dé didu khién ndng do phan tng
cta 1o phan Gng khudy lién tuc. Bai bao dwoc xay dung
nhu sau: dau tién thiét ké bo BDK PID bén ving va thiét
1ap bo ty didu chinh thong sb diéu khién dwa vao thiét b
mo, sau d6 mé phong va iy két qua cia BDK PID bén
virng ty chinh dinh théng s dwoc so sanh véi két qua cua
mdt BDK PID thong thudng.

2. Thiét ké BDK tu chinh dinh thong s6
2.1. Thiét ké BPK PID bén viing
Xét mot hé thong phi tuyén:
X, =X,

Abstract: In this paper, a design method about parameters K, I,
A, ¢ self tuning unit of robust PID controller for continuous stirred
tank reactor is proposed. Robust PID controller parameters are
obtained by proposed equations using boundary of uncertainties
and external disturbances. System convergence is proven basing
on the Lyapunov stability theory. Change parameters of Robust
PID controller are controlled online based on the error of
reference signal with output signal of system referring fuzzy rules.
The performance of the proposed controller is compared with
conventional PID. Simulation results show that when the system
of nonlinear has a process of big change, the proposed controller
has better performances than the conventional PID controller.

Key words: Robust PID; tuning PID; PID new; PID SCTR; tuning
Robust PID for SCTR

%, = f(x)+b(x)u (1)

Trong d6 X = [Xl, X, ]T la vector trang thai, u la tin
higu diéu khién, b(x) va f(x) Ia c4c ham phi tuyén khong
xac dinh cua hé¢ thong.

Gia thuyét rang:

[f|<F
O<b

‘Bai toan dat ra la thjét ké BDK PID sao cho hé (1) dat
chat lugng mong muon va chat lugng nay khong anh
hudng badi cac thanh phan khong xac dinh fva b.

<b O]

min —

Cho quy dao mau x,(t) va dinh nghia sai léch bam e =
X1ir— X1

Chon mot ham bac nhit nhu sau:
T=le+€=X, — X, +A(X, —%) (@3

Trong d6 X,, = X;, va A 1a mot s xac dinh duong.

Tinh chit cua ham bac nhét (3) 1a khi gitr cho o = 0 thi
quy dao thuc cua hé thong s€ b‘ém thgo quy dao dé‘g sau mot
thoi gian t.. Do d6 tin hi¢u di€u khién u dugc thiét ké sao
cho trang thai hé thong dugc day vé trén duong o =0 .

Ta chon ham Lyapunov:

v=ls2 4)
2
Va mot ham diéu khién:
u = K.sign(c) , K>0 (5)
Bing cach dao ham ham Lyapunov, ta co:
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V =0.6 =c(1é+8)
V= ol 28+ — f (X)~b(x)u]
V= of A&+%y — T (\)-b(x).K.sgn o

V =of- f(X) + 16+ %, |- 0.Kb(x).5gn &
V <lolf| f (9]+|A6+5| |- Kb(X)|o]

V <[o]| F+}A6+%,| |~ Kb(x)

RO rang V <0 néu
K(x)= (F +17+[ A€ + %, )/ by, v6i n 12 mot hing

s6 duong nho bat ky. Theo tiéu chuan 6n dinh Lyapunov
1 . .
thi: V 2562 >0 c6 V <0 s&dam bdo hé thong ¢6 &

— 0.

Véi A > 0 thi e — 0 khi t — o ma téc d6 hoi tu phu
thudc vao gia tri cia A.

Tir cac két qua trén, ta thiy rang e — 0 khi € — 0 va
X;, c6 gi6i han vi tinh chit vat 1y cua h¢ théng. Do d6 ta
¢6 thé tim dugc mot héng s6 E sao cho

|26+, | <E (6)

F+n+E

Tir d6 ta c6 thé chon K = 1a hang s6 ma
min
diéu kien V <0 van luén dam bao.

Voi cach chirng minh trén ta co dinh ly sau:

Pinh 1y: Cho h¢ thong (1) voi gid thiét (2), (6) thoa
man, u 9hon theo (5), thi sai I¢ch bam cua hé thong e sé&
hoi tu ve 0.

Ham sign(o) s& gdy ra su thay dbi cua u tir + K sang —
K mdt cach rat nhanh khi ¢ =~ 0. Di€u nay trong thyc té sé
lam cho Ug thay doi nhanh gilta £ K, lam dong co mau
hu. Ta lam mém u bang cach thay dau sign bang ham bao
hoa sat (hinh 1).

psENG 4 SAtE/p)
11— 1}f--
G -1 _1:%‘3' ©/9)
L i :'l L
1 AN

Hinh 1. Pdc tinh ham dau sign va ham bdo hoa sat.

Nhu vay u = K.sat(c/¢)
Hay

-K khioc < —¢
o K K .
=<K.—=—1e+—¢& Kkhi-¢g<o<¢
¢ ¢
K khioc > ¢

Lujt diéu khién dugc lam mém hod nay thyc chat 1a
mot BPK khuéch dai PD vé6i khau bdo hoa nhu hinh vé

dusi, véi K, =K.Al¢; Ky =K/ ¢

L.-. PD . . K£ | 1L
I P

Hinh 2. BBK PD vdéi khdu bao hoa.

Vi BDK la khau PD dé diéu khién mot ddi twong phi
tuyén, nén luon ludn ton tai sai léch e. Trén quy dao pha
cua sai 1éch (e, é) , hé thdng s& hoi ty lai mot vang quanh
gbc toa do cua (GZO,éZO). RO rang mot khau tich
phan dugc dwa vao BDK PD c6 thé 1am sai léch e — 0.
Twr d6 ta c6 mdt BDK dugce goi 1a BPK PID bén vitng ¢6
dang nhu sau:

~K  khi o<-¢
t
u= 5.&.e+5.é+ljzdt khi—g<o<¢
¢ ¢ X4
K khi o>¢
Nhu vay
~K  khi o<—¢
t
U=1K,e+Kye+K, [edt khi-g<o<g
0

K  khi o>¢
Vi Kp = (KA+)/d; KI = A.1/¢; KD = K/

e % Kg u
— FID > : >
e |

Hinh 3. BBK PID vdéi khdu bdo hoa.

2.2. Thiét ké BPK PID bén viing tw chinh dinh thong so
2.2.1. H¢ théng tw chinh dinh thong $6 ctia BDK PID bén
vitng

Y tuéng cua viéc dung 1y thuyét didu khién mo dé
chinh dinh cac thong s6 K, = (KA+)/9, K, = A.1/9, Kp =
K/¢ cua BDK PID bén ving. So do khoi hé thong diéu
khién PID bén viing ty chinh dinh thong s6 dugc thé hién
trén hinh 4.
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) A
« ¢ x;
Alr e (3 aa 2
(+) KA+ T | 4R + A Doi tueng,
2 —
©) a O Bé diéu khién
dt ¢ PID bén virng

Fuzz, || Thiét bi tw chinh

‘j;-.rmL Cont. H dinh théng s&

PID bén virng

Hinh 4. So do khoi hé thong diéu khién PID bén viing
tu chinh dinh thong so
2.2’.2. Thuat todan xdy dung ménh de hop thanh cho hé
thong

Luat mo cho hé théng c6 dang: “If I = Co Then

O =Re”
Chia ham thudc pco(x) thanh p diém x;, i=1,2, ..., p
Chia ham thudc pre(y) thanh q diémyi,i=1,2, ..., q

Xay dung ma tran quan hé mo Re:
Hre (X1, Y1)
Hre (X5, Y1)

ﬂRe (Xl’ yq)

Re = Hre (X, yq)

:uRe(Xp!yl) :uRe(Xp’yq)

Ham lién thudc pre(y) ddu ra ung véi gia tri 6 dau
Vao Xk c6 gid tri pre(y) = a'.Re, véi a' =
{0,0,0.,...,0,1,0,...,0,0,0}. S& 1 tmg véi vi tri thir k. Trong
truong hop du vao 1a gia tri md Co' thi pre(y) 13: pre(y)
={ly, lo, ..., lg} v&i I = maxmin{ai, pre(Xi,Yi)}-

2.2.3. Gidi mo  cho hé thong bang phwong phdp trong tam

Gia sir ¢6 m luat diéu khién dugc trién khai, ky hiéu
cac gia tri mo dau ra cua luat diéu khién tht n 13 pren(y)
thi v6i quy tic Sum-Min ham lién thudc s& la

:uRe‘ (y) = Zri::uRe'n (y)

, va y' dugc xic dinh:
m
[| Y2 ttpen (v) Jdy
y'=S . Trong d6 S 13 midn x4c dinh
[ ttgen (y)dly
s n=1

cua tap mo.
2.2.4. M0 hinh thiét bi mo

Thiét bi tu chinh dinh thong sb cho BPK PID bén
ving codauvaola oc=Ae+€,daurala K, I, A, ¢ vaco
cau trac nhu sau:

Hinh 5. Bién vdo ra trong BPK m¢

Dinh nghia tdp mo (gia tri ngon ngi) cho cac blen vao/ra:
Mién gié tri vat Iy cho cac bién, s6 lugng tdp md can thiét,
kiéu ham lién thudc, roi rac hod cac tap mo nhu sau:
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Hinh 10. Bién dau ra “¢”
3. Két qua mé phéng
3.1. Mé hinh todn hoc ciia Io phén iing khudy lién tuc
He¢ thong mo hinh sir dung 14 10 phan tng sy lién tuc
c6 xtc tac. Mo hinh cua quy trinh dugc cho boi hinh 11.
Phuong trinh dong hoc cua h¢ thong:
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w1, Col

Hinh 11. Lo phdn iing khudy lién tuc
dh(t)

Lo = WO+ () -02/h()

dC,(®) _
dt b1l

+(Cy, =Gy (1))

Trong d6:

W, (t)
M)
w,(t)
h(t)

k1 'Cb (t)
(1+k,.Cy (1))°

- h(t) 1a d6 cao chat Iong trong 10 phan tng

- Cp(t) 1a ndng do san pham hoa tron tai dau ra cua qué
trinh

- wy(t) 1a lvu lugng cia néng d6 chét hoa tron cho vao
Ch1

- Wa(t) 1a Tuu lugng cua ndng do lodng chat hoa tron
cho vao Cp2

- Nong d6 dau vao chét tron cho trudc Cp = 24,9 va
Cn2=0,1

- Hang sb phan g véi ti 16 cta sy tiéu hao la ky = 1,
kz =1

Muc ti€u cua BDK 1a duy tri nong do cua san pham
theo su thay do6i cua luu lugng wai(t). BE don gian ta dat
wa(t) = 0,1. Myc nude trong 16 phan ing h(t) khong thay
doi trong qua trinh xay ra phan ¢mg. Mo hinh 16 phan tng
khuay lién tuc duoc xay dung trén phan mém Matlab-
Simulink nhu hinh 12.

—W{Rin o3|l
|::>- ™3
C_out e2dh [ e2dh
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R
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=

Hinh 12. M6 hinh hé théng diéu khién va 1o phan img
khuay lién tuc

3.2. M6 phéng va két qua
3.2.1. Tin hiéu diéu khién

DO THITIN HIEU KHIEN

Udk PID ben wng tu chlnh dlnh thong so ‘

Udk PID thong thuong
\muumuuumuumummuuumumumuuuummuuu-muuuummlmuuumuuuuumuuumumuuuuuummm

Th0| glan

Tin hieu dieu khien

DO THITIN HIEU KHIEN
=
IMIH
1
WH‘UU} | .!ﬁ | I
|
| |
T O 91

‘ L
il
Udk PID ben wung tu chinh dinh thong so
. Udk PID thong thuong
il H\HM\HHMH\MHHHH\M\HHHI\H\WWHHMMM HHHIH\IWWIH\NHH\MHW\

Th0| glan

QE_

Tin hieu dieu khien

DO THITIN HIEU KH

/I

Tin hieu dieu khien

Udk PID ben wng tu chinh dinh thong so
Udk PID thong thuong

_—E
---———E

o 2 4 6 8§ 10 12 14 16 18 20
Thoi gian

Hinh 13. Tin hi¢u diéu khién khi déu vao wi() thay doi:
(a) chdm — (b) nhanh — (¢) rat nhanh

Nhin xét : Khi diéu khién hé thong trén ta thay tin
hiéu udk cua hai BPK cung ¢ hién twong thay dbi dau
lién tuc tir Am sang dwong va ngugc lai. Piéu nay lam cho
co cau chap hanh c6 su rung dong theo +udk. Nhu vy
BDK PID bén viing ty dong chinh dinh théng sb tin hi¢u
diéu khién van chua khic phuc dugc hién tugng ddi dau
lién tuc nay.
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3.2.2. Ddc tinh sai léch

Gia tri sai lech

Gia tri sai lech

Gia tri sai lech

DO THIGIATRI SAI LECH
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Thoi gian

Hinh 14. Sai léch bam khi diu vao w1(1) thay doi:
(a) chdm, (b) nhanh, (c) rat nhanh

Nhin xét : Nhin vao do thi ta thay, khi dau vao ciia hé
thdng c6 tinh phi tuyén 16n thi BDK PID thong thuong co
dau ra khong dap ung kip véi sy thay déi 16n do, trong
khi ¢6 BPK PID bén vimg tu chinh dinh cic thong sb
diéu khién thich nghi tot véi su thay doi 1on ciia hé thong.
Nhu vy, sai léch giita gia tri thuc va gia tri mong muén
co su khac biét rd réch, dic tinh sai 1éch cuia BBK PID
bén viing tu chinh dinh théng sb tién vé khong rat nhanh,
trong khi d6 BPK PID thong thudng c6 su sai s6 16n khi
hé théng c6 dau vao thay doi 16n.

4. Két ludn

‘Trong bai bao nay, thiét bi mo dugc str dung cho viéc
thiét ké hé thong tu chinh dinh cac thong s6 PID bén ving
bang cach dwa vao sai léch gitta tin hiu mong mudn va
tin hiéu thuc, tir sai 1éch d6 dé ta thiét lap luat mo dé thay
d6i truc tuyén cac thong s K, I, A va ¢ thich hop dé diéu
khién hé thong phi tuyén trén dat yéu cau. BDK nay dugc
ap dung cho 10 phan tng khudy lién tuc khong 6n dinh.
Két qua mo phong cho thiy BDK PID bén viing ty chinh
dinh thong sb diéu khién c6 hiéu qua t6t hon so voi PID
thong thuong.
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