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DIEU KHIEN PID HAI MU'C VG1 DIBU KIEN HAN CHE MODAN

THAI QUANG VINH

Abstract. The problem dealt with In this paper s synthesls of two- level optimal PID control, which
{s at the first level to solve Rlccatl equation on PC and at the second to calculate optimal control
varlable on mlcro-controller. The proposed algorithm of thls two - level PID will guarantee the quadratic
performance Index and desired arrangement of poles and geros of closed system (so-called modan
limitation).

Bai bdo ndy trinh bay két qud xy dyng thugt didu khi€n PID t8i wu cho cdc thiét bj local
hai 16p 1& mét trong nhitng thanh phin cda h§ dféu khién phén c€p. Thuft di8u khi€n dwge phén
thanh hai méc: mée 1 - gidi phwong trinh Riccati, mirc 2 - thyc hign tinh todn gid trj didu khi€n
u* t8i wu. D¥c di€m gid trj didu khi€n u* tim dwge cla thuft PID bién deng duwéi diy ngodi ddm
bdo t8i thi€u héa ham muc tiéu dang binh phwong, cdn ddm bdo phén b8 cho truwée cée nghidm cda
phuong trinh cda hé kin (goi 1a di8u ki§n hgn ché modan).

1. DAT VAN pit
Xét mé hinh ri rac cla qué trinh lién tyc
z(l +1) = Az(l) + Bu(l),

y(l) =Cz(l), =(0)=2, I=0,1,2., (1.1)

trong d6 | - thii gian gidn doan, z - vecto' trang théi ¢& n, u - téc ddng didu khién v8 huéng, y - dpi
lwgng ra v8 huéng; A, B, C twong dng 1A cdc ma tr§n 88 kich thuée (n x n), (n x 1), (1 X n).

Téc d8ng &i%u khi€n 48i véi mbi nhip | cda thdi gian dwee xét nhr mét ham cda cée bién
¢6 thd do dwgc holic dénh gid dwge cia hg (1.1). Thugt di¥u khién PID & ddy sé dwgc thyc hign
bién dang nhw sau: Thé nh&t - € trénh sy thay d8i A8t ngdt téc ddng di¥u khidn khi cé thay d8i
set-point §di‘€u hay xdy ra trong céc hé disu khién phin cfp nhidu 1&6p, khi ma set-points thay d8i
lién tyc 4@ dat dwge myc tibu h@ th8ng) sé stk dyng thuft didu khi€n tich phén d8i véi y(l) [3]; the
hai - két hgp phédn h8i trang théi va phdn h8i theo bién dBu ra d€ ddm bdo 4§ bém sét dBu vao didu
khidn (4, 8]. Do 46 yéu chu st dung két hop thuft diéu khi€n ty 1§ - dao ham (PD) d8i véi bién
trgng thai vd didu khién tich phin (I) d8i véi y(i).

Thuft PID trong truwdng hgp ndy sé cé dang

! n
u(t) = K1 ) (5°() - w(6)) = D_ K 2;(0). (12)

=0 J=0

Trong dé thanh phlin tht hai cda (1.2) cé thd xem IA thinh phin didu khi€n PD theo trang théi.
Chi tidu ch&t lwgng khi 46 cé dang sau:

7= S0 - v ) + h(aw) (D)%), (19

I=0

Bai todn d¥t ra 1A tim céc hé s8 tich phin K; vA hg s8 phdn hdi PD: K; trong (1.2) thda mén
tiéu chufn t8i wu (1.8) vd ddm bdo phin b8 cho trwéc cia nghifm phuong trinh dic 'trung cda h§
kin.
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2. GIAI QUYST VAN pE
Dé€ gidi bai todn d¥t ra, ta dwa ra mét t4p méi cdc bién trang théi

Zi(l) = () - v°(),
Fopa () = ai(l) - m(l— 1), i =T1n. (?-1)

Khi 6 88 lwgng céc bién trang théi méi bAng (n+1). D8i véi cde bidn trang thai méi, phwong trinh
(1.1) va tidu chufn (1.3) 88 c6 dang:

au+1p=“ ff]ﬂn+[ﬁf]aqn=zﬂn+ﬁaqm (2.2)
7= 35 (# () Q50 + h(Au(h)?), )
I=0

trong d6 Q = [g 0] , con didu kién ban dBu d8i véi phwong trinh (2.2) cé dang:

0
2(0) = ¢2(0) - 4°(0); a4
" Fi4+1(0) = 2i(0) — zi(~1), { = I,n;
cdn z;(—1) xéc djnh cing véi u(—1) tir céng thic:
%(0) = Az(~1) + Bu(-1). (2.8)

Phuwong trinh (2.2) vd (2.3) x4c dinh bii todn tuyén tfnh véi tiéu chufin binh phwong t8i thidu
théng thudng, né hodn todn twong dwong véi bai toén (1.1)-(1.3). MYt khéc, phén b8 cho truée
nghi$m cua phuong trinh dc trung h§ kin lién tyc twong dwong véi phén b8 gid trj riéng cda ma
:r%n A)ctln. h§ & rac (2.2), (2.8) bén trong dudmg trdn véi cdc tham 88 twong tng r vd a < 1 [2]
hinh 1).

: Jo
N
| L2 Mat phing S

/

Hinh 1
Dé ddm bdo didu A6 ta dwa v hé phuong trinh méi twong dwong

B+ 1) = Az() + Bu(, (2.6)
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trong 46: A = v=1(A - al), B = r=1 B, I - ma trfn don vi. Chi tiéu cht lwgng khi dé cé dang:

T = Yo ) G + Kau()?) )

I=1

véih > 0, 5 >0, 6 ¢6 thé chon bing Q.
D8i véi h§ (2.8), chn tinh tdc ddng diSu khidn

| AU(l) = -K () %() (2.8)
sao cho him (2.7) dwgc t8i thi€u héa. Khi 44, ta cé:
K(+1)=(h+ BT P B)-* BT P() A (a)
Pl+1)=Q+ KT+ 1)RE(+1)+(A-BET(1+1)) P(l) » (2.9)
v (A-BK(+1)). ()

Khi | — co, ma trfn h§ P(l) tr& thinh ma trfn xdc Iip, tic 1d lim P(l) = P, ldc 46 ma trfn phdn

h¥i K () cling tré thanh xdc 1§p K.
Béi vi 141 gidi cda (2.9) dwge xdc 18p nhanh, thyc t& cé thé thay d8i lugt digu khién (2.8) bing

lugt di%u khién ghn t&i wu tinh A ¥()) = - K () trong d6 K dwgc tinh tir hg phuong trinh dgi 88
sau:

R=(k+B7 P BT PX (a) (2.10)
P=Q+RThE+(A-BRYT P(A-BR) (b) "
Dyt A.=A-BR

A, chinh 1a ma trén k¢ kin véi phan hdi K. Dit (2.11) vdo (2.10), ta cé:
ATPA,-P=-Q-K"hK

c6 dang phuong trinh Liapunov, ngodi ra P vd Q + I?TT;I? 1d xéc dinh dwong. Biét ring h¢
(! +1) = (A - B K)%(l) 12 luén 8n djnh, tc 1A cc gid trj ring cda ma trin 4, nim trong vong
trdn don vj (hinh 1),

Trong (1] d& chitng minh réng, n€u d8i véi hé (2.2) st dyng lut didu khidn Au*(l) = ~K z(l),
trong dé ma trdn phdn hdi ciing giéng nhu (2.8), tic 1a K = K thi h§ kin

2+ 1) = (A+ B K)3()

cling 8n djnh v t&t cd nhitng gid trj riéng cda ma trfn 4, = 4 — B K ndm trong vdng trdn bén
kinh r véi t&m ndm trén tryc thyc cdch g8c toa 48 mét khodng a nhw trén hinh 1.

Nhu vy, tdc ddng didu khi€n t8i wu d8i véi hé (2.2), vira ddm bdo t8i thi€u héa ham chi tidu
(2.8), vira ddm bdo phén b8 nghidém cda phwong trinh djc trung hé kin trong ving r vd a mong

muén sé 1a:
net1

Au(l) = ~[h+ BT PB" BT Aa() = - 3 Kimi(l), (2.12)
i=1
trong dé P - 1&} gidi xdc 1§p cla phuong trinh Riccati (2.10b) dwge tfnh todn ciing phweng trinh
(2.10a) b&ng phwong phédp h8i quy véi didu kign ban dBu bing 0.
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Gid tr} t81 wu cda téc ddng Ai¥u khidn dwgc tinh theo chch sau:

Mite 1

i
u'(l) = Z Au*(y) + u(-1).

J=0

START

A

B,Cqyhynyr

A=

1 CA
0 A

- 2=)%°) o= 3

A=v'(A-al), B=r'H

GiAi phuong trinh Riccati
K=Mh+BTPB)1BTPA
P=Q+K"hK+(A-BK)"P(A- B K)

Mite 2

Tinh ()

ADC

3

Modul chweng
trinh dénh gid
trang théi

w(l) =k £ 00 - o) - 2 keer )
J=1 fe=1

Hinh 8. So 48 khéi thust todn t8ng hop thugt PID t8i wu véi han ché modan

DAC

(2.13)
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Dyt (2.12) vho (2.18), thay vio A6 F1(1) b (1) vh a(l ~ 1) nhu trong (2:1) chd ¥ rng By () =
y(!) = y°(!) va di8u kién ban dBu (2.4), ta cé: ,

I ", { ‘'n |
uw'l) = Ky (600 - wld)) - Y K a(l) + Y Kigr ai(=1) + u(-1), (2.14)
J=0

=1 f=1

trong 46 thanh phin th& nh&t twong &ng véi ludt tich phan (I) d8i véi bién dBu ra, thanh phin thi
hai - luft didu khi€n ty 1§-dao ham (PD) theo bi€n trang théi, cdn thinh phin thé ba phy thuge
vao di¥u kién ban diu (2.4).

Béi v che vecto' trang théi cda hé tuyén tinh (1.1) va (2.2) tai moi th¥i diém b&t ky lién quan
véi nhau béi bidn d8i tuyén tinh, do dé theo (7] h§ (1.1) vA (2.2) cé cing mt da thitc d¥c trwng.
V1 vy, tdc d4ng diSu khién (2.14) ddm bdo h§ (1.1) dBng th¥i t8i wu theo tiéu chuén (1.3) va phén
b8 cho trwée nghiém cda phwong trinh d¥c trung hé kin, Cling d& dang nhén thy ring, ngodi hai
myc tidu didu khi€n ndu trén, khi tinh todn téc déng Adu khi€n theo thuft todn (2.10)-(2.14), ¢é
thé lya chon h vA ¢ sao cho ddm bdo nhitng dic tinh khéc cla h§ didu khién.

Dé ddm bdo t8ng hop dwge u*(l) theo (2.14) khi | — oo, nghfa 1 d€ ddm bdo dwgc 1¥i gidi
xdc 18p P, 48i véi h§ (2.2) cin thda min cée didu ki¢n sau [4] ‘

1. C¥p (4, B) 1a didu khi€n dwgc (didu kién cin). -

2. C¥p [4, D) chn phai hodn todn quan sét dwgc, trong 46 D - ma trgn ¢& (n X n) va xéc dinh
béi DDT = Q (Aiéu kién d4).

Tir didu kién diéu khién dwge cda h§ (2.2), rit ra dwge che didu kign twong quan gitta cdc ma
trén A, B, C cda h§ (1.1). : ‘

1. Cip (4, B| 1a didu kién duoe.

2. Hang ma trin (A — I) bing n.

3.C(A-I)"tB#0. ‘

So 48 khéi cda thuft todn dieu khi€n PID bi€n dang theo phuong phép trén dwge trinh bay &
hinh 2.

Viéc thyc hién thuft todn trén dwgc t8 chic trén hé local hai 16p cBu trdc sau: 16p dwéi thyc
hign vdng didu khién trén co s& thdng tin y(!) nhin duge tir bién d8i ADC v tinh todn téc ddng
di%u khién u*(l) theo (2.14). M¥t khéc cdc tham 88 ky, k;4y cda vdng diu khi€n méc dwéi nhin
duwgce tir 1&i gidl phwong trinh Riccati, dwge thyc hign & mic trén mdy PC. Cdn thuft toén dénh
gié trang théi cé thé chon b&t k¥ saoc cho phll hgp h@ single-chip véi dung lwgng nhé nhd hon 4k
ROM, 1k RAM (vf dy cé thé chon thuft (3.5) trong phin 8). B&i cdch phén ri theo thdi gian nhw
viy, thuft todn 'PID néu trén hodn todn phit hgp cho hé single-chip-PC, mét don vj local théng dyng
trong cdc diéu khi€n qué trinh phén cip. Hil !

3. MO PHONG

D& thugn lgi cho so sénh két qui mé phdng, xét-d8i twgng didu khién véi ham truyn dat dic
trung (6] ' : '

Ke ST
TS+ 1) (TGS +1) (8:1)

K=41,r=0,3,T =1,85 T; = 1,2. Th¥i gian cit mlu At = 1. Twong ¢ng véi (3.1) la phwong
trinh trang théi cda d8i twyng di%u khién

Wp

2(0) =0, sz(i+1)=Aaz(l)+bu(l),

y(l) =cz(l), 1=0,1,2,.., (3.2)

trong dé: ' 27 !
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01 0 ~ [o,088
A=[0 0 1 , b=[0,264|, c¢=(1.0 0), n=3
0 0 0,632 0,285

Chi tiéu ch&t lwgng didu khién:

“ :
J= 3 {alv() - y(0] + hu()?), (3.9)
I=0
trong dé: ¢ =1, A =1, y°(!), I =0,1,2....
Bai todn t8ng hgp di¥u khién theo (2.14) dwgre gidi cho hai trudmg hop: r = 0,2; « = 0,8 vi

r=1; a =0 (tdc A PID khéng cé han chd modan), D& dénh gié trang théi z;(l) théng qua y(I) do
dwgqce, trong chwong trinh st dyng modun thuft todn quan sét sau [4]:

B(1+1) = 200+ 1) + fly(i + 1) - ¢ 2°(1 + 1)),
O+ 1)=A2(l) +bu(l), n=3, (3.4)
2°(0) =0, fT=[1¢ ¢3

vd thyc hign tinh todn theo cdch sau:

21“) = U“):

Za(1) = 83(1) + ¢ (w(1) - 23()),
Ba(1) = ¢ 83(1) + ¢ (w(0) - 23(1)),
BY(1+ 1) = 2a(1) + by u(l),

B9(1 + 1) = Z(1) + bg u(l),
BY(1+1) = ¢ B3 (1) + ba u(l),

(3.5)

trong d6 ¢ 1a h§ 8 t4t din cda d8i twomg didu khidn (0 < ¢ < 1).

K&t qud ma phéng cho thiy dé ning cao chét lvgng didu khidn (theo nghia gidm thdi gian vi
88 dao dgng cia qué trinh qué d8), cin chon viing phin b8 nghiém gin di€m 1 bén trong dwdng hé
88 t&t dBn cho truwéce (hinh 1), Nhung ciing phai nhgn thiy ring cing gin di€m 1 thl 48 dy tri 8n
dinh cdng gidm. K& lugn dé hodn todn phd hep véi két lun khi t3ng hop didu khién st dyng quf
dgo nghi§m 8 trén mit phing Z [4).

4. KET LUAN

Thu§t diéu khi€n PID hai méc ddm bdo chi tiéu chét lrgng dang binh phwong cyc tidu, ddng
thi phén b8 mong muén céc nghigm cda phwong trinh hé kin cho phép x8y dyng céc bd didu khién
cho céc déi twgng ndm trong h§ théng phén cp hofc phén tén véi chc quan hé twong h gitra che
h§ thanh phiin ddi héi cin d6i gifra chdt lwvgng didu khién va d8 dy trit 8n dinh cia hé§ th&ng. Thugt
PID hai mirc véi di8u kign han ch€ modan c6 thé dwgc thyc hién trén h PC - single-chip holc PC
- PLC véi céc cfu hinh t8i thi€u nh¥ céch tinh phin chia theo thdi gian cda thuft toén,
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