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PHUONG PHAP TONG HQP BO DIEU CHINH
ROBUST PID THONG QUA PHAN RA D

LE HONG LAN

Based on D-partition and new results in robust analysis thi presents a method of tuning robust PID controler
by constructing stability domain with given margin for uncertain plant.

1. MO DAu

Khi biét chinh x4c tham s8 mé hinh d&i twong didu khién viéc tinh toan hidu chinh
céc tham s8 bd didu chinh PID théng qua x3y dung mién 6n dinh bidng phuong phép
phan ra D [1] 13 mdt trong nhing ky thudt théng dung cda thyc té€ diéu khién tu dong
[2-4]. Uu di€m ndi bat cda phuong phépo ndy 1a khd ning cho ra dwge mét bic tranh
toan dién vé cic gid tri c¢é thé duoc (d4m bdo duwoc dé &n dinh hé théng theo yéu ciu)
cda cdc tham sé bd diéu chinh.

Trong khuan khS su phat trién cdaq ly thuyét digu khi€n robust nhimg nim gin
day bai todn tim céc gi4 tri cda b digu chinh PID nhim ddm bio duoc d5 &n dinh cda
hé thdng khi tdn tai d6 bt dinh tham s8 trong mé hinh d8i twong da dwoc dit ra. Theo
huéng ¢8 ging tim ra mién céc gia tri tham s§ bd didu chinh robust (bén canh huéng
dua ra mét b gid tri tham s8) cé thé ké dén cac cong trinh [5,6,7]. Trong [5] d&t ra mdt
cach tidm can v&n dé ma sau ndy dwoc phét trién tuong tu trong mot s§ cac cong trinh
khéc: dé l1a tim mién 8n dinh robust duéi dang siéu ciu ho¥c sidu hép 1én nhit quanh
mdt bd gid tri tham s& robust cho truéc. Trong [6] tac gid dua ra mét phuong phép dai
s6 dua trén cach van dung tiéu chudn Routh - Hurvitz cho 16 da thic dic trung cda hé
thdng trong trudmg hop tham sé bat dinh khodng va bé diéu chinh PI. Két qud dat duoc
1a c4c bat ddng thirc cho biét giéi han mién &n dinh robust. Véi ¢d ging xdy dung mién
nay mot cach truc quan trong 7] gidi thiéu mét phuong phap cé tinh t8ng quat cao, tuy
nhién khé 4p dung vi khdi luong tinh toan 1én.

Nbdi dung bai b4do nady nh&m mé rdng céc két qud trong [1-4] cho truong hop md
hinh d3i tuong cé chia bat dinh tham s8 dang t8ng quat bit ky. Ciing cin nhin manh
& &4y 1a bai todn vé phan ri D robust [an dau tién duoc dé ra trong (8], tuy nhén trong
d6 4nh hudng cda bat dinh tham s dwgc thé hién duéi dang da thic khodng con trong
bai todn dit ra & day tong quat hon: phan thic cda hai da thic bat dinh.
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II. TONG HO'P BO DIEU CHINH PID THONG QUA PHAN RA D

Ta xem lai thd tuc t&ng hop bd digu chinh PID véi d6 du trir cho truéce thong qua
phan rd D da duoc dé ra trong [4].
Cho hé thdng didu khién tu dong kin ¢6 m,5 hinh d8i tuong didu khién:

bo+bis+ ...+ by s™
P(s) = =
ap+ais+...+ans

bi,a; € R (1)

(d€ tién cho viéc theo ddi tam thoi ta chua xét sy cé mit cda tré) va bd digu chinh cda
PID sau

K;
C(s) =K, + - + Kys. (2)

Phuong trinh d¥c trung co bdn cda hé théng la

, (Kas® + Kys + K P(s)

8

Gs)=1

=0 3)

hay

2 =5
Kys® + Kps + K; P(S) . (4)
Trong bai todn tdng hop bd diéu chinh thudng d§t ra hai loai dy trir 8n dinh sau

a) Do dy trir 6n dinh tuyét déi d, d¥c trung cho d5 tit din cda qua d4. khi d6 tir
(4) ta cé

G(jw) = —Kqw* + (Kp — 2dKg)jw + (Kgd — K, )d+ K; — F(jw) =0 (6)
véi
Sy jw—d
F(jw) = ~BGa—d) (6)

b) D6 dutrir 8n dinh tuwong d8i 4, lién quan t&i d6 giao-ddng cia hé thdng. Lic nay ta ¢

Ay

G(jw) = —(cos20 + jsin20)w? K4 — (sind — jcosf)wK, + K —i — F(jw) =0 (7)
véi
Flju) = 522 @)
v P(jweiv)’
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Mién phén b3 nghiém cda phuong trinh d¥c trung cda hai trudng h dugce thé hién trén
hinh H1 a va Hib.

Cac dudng gisi han mién & dinh (véi d6 dutrlr ¢6 truéce) tr phing hai tham s8 bit
ky cia bo diéu chinh gom hai loai: khén (G(jw)— =0, 0 < |w| < oo) va ky di (G(0) =0 va
G(o0) = 0).

Néu ta goi hai tham s duoc chon cda bd diéu chinh 13 X; va X, tin s8 w cho truéce

tir (5) (7) ta cé phjuong trinh dang t&ng quat sau
XiC(jw) + X2C2(jw) = R(jw), (9)

X1, X2 € R; Ci(jw), C2(jw), R(jw) € C va 1 hdng s6.

Ky hiéu
F Alw) = | BeCiliw)  ReCa(jw)
(w) = [ImCl(jw) Ing(jw)]
ReR(jw
) = | e
Khi d6 '

X(w) = (21, X2)T = A7 (w)b(w), det A(w) # 0. (10)

Trudmg hop dic biét det A(w) dng véi dudng thing ky di.

III. GIOT HAN MIEN ON DINH KHI cO b) BAT DINH
Xét trudmg hop cé mit bat dinh tham s3 trong mé hinh d8i twong

bo(q) + bi(g)s + ... + bm(g)s™

Pls,p) = ao(q) + ai(q)s + ... + an(q)s™’ biai € R (11)

g € Q - véc to tham s6 bat dinh, Q - hdp.
Lic dé6 R(jW) va X(w) khéng con don tri nita ma ching c¢é thé nhén gia tri bat ky
theo g. Ta goi cdc mién d6 1a mién gid tri R(w) := {R(jw),q),Vq € Q}, va mién tham sd
- X(w) := {X(w,q),Vq € Q}. Trong ly thuyét diéu khién robust viéc xay dung mién gid tri
R(w) 1& mot bai todn quen thudc va cé nhiéu cong trinh gidi quyét cho cdc mitc @6 phiic
tap khdc nhau cda ham R(jw,q) : tuyén ti'nh‘, da tuyén,... Phuong phap gidi cé tinh tdng
quét nhat cho ham phi tuyén bat ky dwoc d@é ra trong [7]. Van d€ con lai d4t ra & day
1 khi da biét mién gia tri R(w) lam thé ndo xdy dung mién tham s X(w)? Trd l&i ciu

hdi d6 14 néi dung cdadinh ly sau.
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Dinh ly. Goi Q* € Q la tip cdc gid tri tham s& bat dinh tao nén mién gid tri R(w). Khi dé Q
ciing dong thgdi 1a tap céc gid tri tao nén gidi han mién tham sé X (w) théng qua phép bién déi

(10).

Néi céch khic d€ x4y dung X (w) ta cé thé xay dung gidi han cla né tir cic gié tri ¢
tao nén giéi han mién gid tri R(w) (trong (7] chiing dugc goi la cac di€m chinh - principal
points).

Riéng d8i véi truong hop dic biét khi det A{w) = 0 cé thé coi Cy(jw) = KC; (jw) (K-
s6 thuc). ta tim giao diém cda mién R(w) véi dudng thing tCy(jw), —oco < t < oo gid st
d6 13 hai di€m ¢, va t,. Khi d6 thay vao duong thdng ky di ta nhian dugc mot gidi gidi
han bédi hai duong thing

X+ kXo=t;, i =1,2.(12)

Béng cach xiy dung mién tham s6 X(w) cho cac gia tri w khac nhau, ching s& tao nén
mbt gidi trong mit phing tham s8, dé chinh 13 giéi han mién 8n dinh robust cin tim.
Do bdn chdt lam viéc trén mién tin s8, cé thé thiy r&ng dinh 1y vin ding trong
trudng hop cé tré trong mod hinh déi tuong.
Ciing luu y rdng bai todn xét trong [8] 1a trudng hop dic biét: R(w) va X(w) 13 céc
hinh chit nhat.

Vi du.
Xét hé kin véi bd didu chinh PID va d3i twong sau

_ k
(= qi)(s +g2)*

P(s)
Gid st d = 0.4, K; = 0.2 hdy x4y dung mién on dinh trong mit phing K, — K.

a) Gid st théng tin vé md hinh d3i twong 1 chinh xdc: K =27, ¢, = 1, g, = 2.8 [4]
Dudng gidi han ky di 14 dudng thdng cé phuong trinh

d(d - d)®
Kud® - Kpd = —K; - Ll q‘)k(qz L (13)

Dudong gidi han khong ky di 13 dudng cong tham sé sau

(R(w) — K;)w + I{w)d
—w(d? + w?)
I(w)(d? — w?) + 2(R(w) — K;)dw
“w(d? + w?)

Ky=

K, =

(14)
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R(w), I{w) - phin thuc va do cda F(jw) trong (6).

b) Bay gid ta gi4 thiét ring cic tham s8 md hinh d8i twong c6 thé thay di trong
khodng cho truéc: K € [k, k], ¢; € l9,,71]s 92 € [9,,%.]- Ham R(jw, q) trong trudng hop nay
rit ra tir (5)

R(jw,q) = F(jw, q) + K; (15)

Cé thé chirng minh dé dang ring ham R(jw,q) nay cé tinh D (cdc dao ham riéng c6é huéng
khéc nhau [7]) véi Yw # 0.

IV. KET LUAN

Cén ct trén co s& dinh 1y vé dnh cda phép chiéu ¢ — R? bai bdo da néu lén 4p
dungtrong t&ng hop bd digu chinh PID thong qua phan rd D cho trudng hop ton tai bat
dinh tham sé trong md hinmh d8i tugng. Trong trudong hop bat dinh khong tham s
ciing c6 thé 4p dung dinh Iy nay véi luu y rdng khi 36 R(w) c6 dang hinh tron cho truée.

Két qud nghién ctru trinh bay trén diy mét mit mé rong phuong phap phan ra D
cho 16p d6i tuong rong hon, mit khac cho phép dé ra phuwong phap hiéu chinh PID c¢é
tinh hiéu qua cao (cho hé thdng n dinh hay khéng 8n dinh, cé tré hay khéng c6 tré, va
¢6 bat dinh hay khong c6). Mot s6 huéng mé réng cé thé tiép theo: thuc hién phan ra
D robust véi bd diéu chinh t&ng quat hon, img dung phuong phap cho hé tdng hop bd

diéu chinh sé,...

PHU LUC

Ching minh dinh ly.
Ky hiéu
Ci(jw) = a1 + jby, Co(jw) = az + 7b2, R(jw) = u + jv,
3 - gidi han mién.
Tir (9) rit ra

X1 = (bz‘u - agv)/t, X2 = (blu - alv)/t, t = b20.1 — a2b1 (*)

(trudmg hop t = det A(w) =0 d& dwoc xét trong bai).

Ta chon mét diém R(jw) = (u,v) nao dpo ndm trén dudng bién dR(w), cin phdi
chimg minh ring di€m X (w) = (X;, X;) cling s& ndm trén duong bién 8 X (w).

Néu X(w) € 3X(w) thi né twong dwong véi viée 1a cuc tri cda ham |X| véi X, =
KX, X€X.
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Digu kién X, = KX, tuwong Ung véi diéu kién v = K*u, trong dé

K* = (ts — Kt)/(ts — Kt2),

tl :bg/t, tgzag/t, t3=b1/t, t4=a1/t.

Dé y ring K*(k) 12 ham don didu. Diéu niy cé nghii la néu didm trén tia X, = K X; th
ton tai tia v = K*u trong mit phdng (u,v) ma tuong tng chay trén dé.

M3t khéac, c6 thé dé dang thiy ring
extremum |X| = extremum|R)|
X,=KX,; v=K*u

do tinh tuyén tinh cia quan hé (¥).

V4ay c6 thé két luan ring gidi han X (w) dugc tao nén tir AR (w) qua (¥).
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