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PIE U KHIEN GIA GIAM DAM BAO CAC HE THONG

VGI THONG SO BAT PINH

CHU VAN HY

Abstract. A general solution is described and applied to a subclass of linear systems

with parameler uncertainlies in bolh the dynamic matriz and the inpul malriz. An

algorithm that ensures the uniqueness and robusiness of solulion and the stabilily of
- the closed-loop system is developed.

. MO DAU

Van dé diéu khicu cac hé thong vdi thong s6 bat dinh da duge giai quyét biing
nhiéu con duiong khic nhau. Theo cach ti¢p cin va nhirng gid thiét ma ta chia ra:
cac hé thdng diéu khién nglu nhién t8i wu, hé thdng tu thich nghi, hé hoe, hé thdng
nhay t3i wu, hé théug minimax ... Diéu khién virug chic (Robust Control) 1a mot
cach ti¢p can méi hién dang thu hit sy quan tam lgn. Trong dé dicu khi¢n gia ddm
bao la mot phuong phap tong hop hé thong rat hiéu qua. Trong bai nay, ching téi
giéi thiéu cdch gidi chung cua S.S.L. Chang, sau d6 dp dung cho hé thong tuyén
tinh dirng nhiéu dau vao nhiéu diau ra, véi mién bat dinh thong s6 tdng quat hon.
Cho 151 gidi s8 mot thuat toan dam bao s ton tai duy nhat va tinh chit virng chic
cua nghiém, cing nlu tinh chdt 8n dinh tiém cin cud hé thong kin duoe trinh biy.
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II. PHUONG PHAP GIAI

2.1. Bai todn tong quat
Xét d6i tugng diéu khién
' z = f(z,u,q,t), (1)

N , ’s . N , A o a? . A ) s
trong A6 z la véc to trang thai » chieu; u 1a véc to diéu khién m chieu; ¢ 1a véc to
thong s6 bat dinh ¢ chiéu ndm trong mién khép kin bi gidi han ¢ € @. Ham gia co

dang
tz
Jate = [ oo w e (2)
i
Ta phai tim diéu khién .
u(t) = n(x, t) - (3)

dé dwa hé thong tir trang thai z(2,) dén trang théi x(t5) sao cho
J{‘l'(tl)w Uy(l] S ‘/’y vq E SZ (4)

Sau dé s6 V' goi la gid ddm bao cho hé thong bit dau tir trang théi (¢,) & thoi diém
t; va u goi la diéu khién gid ddm bdo. Cho diéu khién cdc qua trinh cong nghé, o
V khong biét truée, ngudi thidt ké phai xae dinh dé hé thdng dat duge nhimg tinh
chat mong mudn. 0] day ta khéng triee tiép chon s& v, ma di tim ham s8 V(z,t)-goi
la ham gid ddm bao, sao cho: V(z(t;),t) = V; V(z(t2),t2) = h(z(t2)). Ta cé théap dung

dinh 1y cud S.S.L. Cang [1]:

Pinh ly.

-

> v N 4 . A A \ ’

Néw V(z,t) la ham v6 huwdng ¢d dao ham bic nhat lién tuc va yx,t) la vée to m-
chiéu thda man diéu kién-

gz, gz, t), ¢, 8) + (é)"/(:c,t)/i);c)f(xr, (e, t),q, )+ OV (x, t)/ot <0 (5)

;‘

Ve, t <ty, 2R V(z(ta),ta) = h(a(ts)) (6)
thi V(z(t1).t;) la gid ddm bdo cho hé thong bdt dau to x(ty) va y(e,t), 4, <t <ty la
diéu khién gid ddm bdo.

BTN IR .
. , N N .2 “a a gy Sie i Rlaiitingi, BRI S N 1,
Ding ly nay la dieu kién dd. Hé quad dudi day giap ta tim duge mot 16p quan
. . A oa? ., < A iy, i, .2 goeal X ,
trong céc dieu khien gia dam bao - rat gan véi 16p cac dieu khién toi wu trong cic
hé thong vdi thong so biét chinh xac.



Didu khién gid dam bdo cic hé théng véi ... 23
Hé qua.
Ta dinh ngia ham F(V,z,u,q,t) nhu sau
-F(V,:z:, u,q,t) = g(z,u,q,t) + (0V(z,t)/0z) f(z,u, q,t) + OV (z,t)/Ot. (7)
Cho trudc V(z,t), =,t; ta ki hiéu yo(z,t) 12 gid tri u cuc tiéu hod biéu thirc
£

2 F(V,z,u,q,1).
mag F(V,z,u,q,1) (8)

Sau d6, néu (5) thda man cho Vg € Q v6i V(z,t) va n(z,t) ndo do, thi ciing thda man
cho no(, t)-

2.2. Hé thong tuyén tinh dirng véi théng sd bat dinh

Ta 4p dung dinh ly trén cho mét 1p cac hé thong tuyén tinh dung & do véc to
théng so bat dinh tdc dong dén ma tran dong liuc va cd ma tran dau vao

z=A(qg)z+ B¢y, z€ R*, ve R™, tel0,T), (9)
trong dé
B Alg) = Ao+ qa, As, (10)
i=1
3 14
S S Blg) = Bo+ Y a, B (11)
i=1

Véc to thong s6 bat dinh ¢ = [ge, ) thay ddi trong mién Q nhwr sau

@i <o, <bi; a; <0, 6, <0, 0=1,2,..,7,
Cj S qu S di; Cj S 0, (l]' S 0, j = 1,2,...,[). (12)
Ham gia ¢6 dang binh pliwong

T

J[;i(O), u, gl = [&"(TYHz(T) + / (2'Qx + ' Ru)dt]/2. (13)
. 0

Gia thiét rang:

-Cacmatrantrong H=H'>0, Q=Q' >0, R=R' >0,
- Cip [A(q), B(¢)] 12 diéu khién duogc cho vy € Q. (14)
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Véi ham gid (11) twong tu nhu trong hé théng diéu khién binh phuong t3i thidu
quen biét, ta c6 thé viét ham gia ddm bio dudi dang

. V(z,t) = (2'S(¢)z)/2. (15)
Diéu kién (5) sé la ]
(«'Qz + 1/ Rn)[2 + 2'S(t)(A(0)z + B(g)n) + (' (dS(t)/dt)z)/2 < O - (16)
v6i S(T) = H. V& trai cla (16) 13 ham F(V,z,u,q,t) trong hé qia trén. Ta ki hiéu n,
Ia gid tri véc to n cuc ti€u hod biu thirc (8). D& xac dinh 7o chi caAn xét nhirng s8
hang trong F(V,z,u,q,t) c6 chia 5
Fy = 7/ Ry/2 + 2'S(t) B(q)n. (17)
Goi g, 12 gid tri ¢, cuc dai héa F, c6 thé ching minh
dyds, . dyY, 16U 2'S(t)Bmy > 0
o e Ll 0 505> )
[c1, €2, .5 ¢5)",  meu 2'S(t)Bmn < 0,

trong dé B, la gia tri cia B(q) cho g= q,,,. Ta ¢é Fy cyc dai

Fim =7 Ry/2 + 2'S(t)Bm 7. - .
T&i thidu héa Fi,, theo y ta nhin dugc didu khién gia dam’bio
Mo =—R7'B],S(t)z. ' (19)
B&i Vi 2'S(t)Bmro = —2'S(t) B R™1B.,S(t)z < 0, nén theo (18) ta cé
B, = [c1, ¢, oo 0p)', (20)
Bm:Bo—le:chj. : (21)
j=1

' Tié’p theo ta can phai tim S(t). Theo hé qua trén, no ciing thda man (16). Nén thay
(19) vao (16) ta dugc ‘ '

—2'(dS/dt)z > 2'[SA(q) + A(¢)S + Q — SB,, R™' B!, S]z. (22)

Thé A(g) theo (10), ta cé thé bidu dién diéu kién (22) twong dwong nhu sau
~dS/dt = SAg + AyS — SB R™'B.,S+ Q + U(S), (23)
trong d6 U(S) goi la gidi han trén cia $°7_, ¢, (S4; + A;S) theg nghia
¥
z'U(S)z > :L'I[Z qa,(SA; + A,-S)]a:; Yz, qq, € [ai,b;]. (24) ‘
i=1

Ta thay (23) Ia phwong trinh Riccati ¢é thém sd hanh U(S) dwge xdc dinh theo
{24). Bai toan sé ¢4 vo s6 nghiém, phu thuce vao cach chon U(S). Ngudi ta c6 ging
tim cic phuwong phap tinh dé€ dat dugcgid ddm bdo V nhd nhit cé thé.

2.3. Céch tinh U(S) va thuat toan
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Cdch 1
Cé thé tinh U(S) nhu sau. Goi N; la bién ddi tryc giao dudng chéo hod ma tran
461 xtrng [SA; + A;S) ’ : ’ ) .
N,((SA,‘ + A,‘S)N,‘ = A;, (25)
trong d6 A; la ma tran ddi xirng duomg chéo chira cic gia tri riéng (A, k=1,2,...,n
cla [SA; + A;S). Sau d6 ta co

U(S) = ZNiEiNiI, (26)
i=1
trong do )
i(Ai)k, cu (M) <0 .
(Ei)ke = { al i utu ( é’)k N (27)
. bi(Ai)k, mneu (A;)r >0

\ SN
va (Ede, =0, VE#5. | \

Sau khi thay U(S) {heo (26), ta c6 thé tich phan (23) nh& phuong phép s8, véi
di¢u kién bat dau S(T) = H. Do tinh chat phi tuyén cia ham U(S), chitrng minh tinh
hoi tu cia thuat toan va khdo sat tinh on dinh cda hé thong gdp nhiéu khé khan.
Ta ¢o thé tham khdo mét s6 két qud trong [1].

“Céch 2.
Dira vao bat ding thire
Wy+gh =NGh+yGy (28)
“cho hai véc t& bit ky h, y € R* va ma tran xdc dinh khéng am bat ky G (> 0) € R**".
Theo d6 cé thé ching minh [2]

2[) 40 (SAi+ AiS)e <2’ ¢ AGT A + 1GS)a, Ve, g € Q. (29)
i=1 i=1
Goi
6= ZU;", o; = max (la;|, 1b;]), i=1,2,...,r (30)
i=1 .
Ta co
2D qa(SA + AiS)e < 2'[6 Y AGT A; + rSCS]e = 2'Up(S)e. (31)
i=1 i=1

Bay gio ta chon G sao cho

1. Us(S) la ham tuyén tinh ddi véi s (A€ thuat todn héi tu nhanh hon);
2. Us(S) =10 cho o, =0, 1=1,2,..,r.
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Mot cdch chon thich hop, thoa mam céc yéu cau trén la
G=aS"" a=) |l4ll>0, (32).
i=1
trong d6 ||| 1a chu&n Oclit. Sau d6 ta c6
U(S) = 6[a™" > AiSAi + arS). (33)
i=1 ’ ’
Cho bai toan diéu chinh véi thoi gian vo tan T — 400, z(c0) = 0, tl_l\i S la ma tran
hang, nén phuong trinh (23) sé la
SAg+ AoS — SBpm R B! S + Q + Us(S). (34)
Ta c6 thé gidi phuong trinh (34) theo mcjt s6 thuat toan 13p.

a. Thuat toan 1.

Budge 1: Cho k=1, @, = Q, gidi phuong trinh Riccati
SiAo + /ioSk — Sk BmR—'lB;nSk + Qi =0. (35)

Bude 2: Tinh Us(Sy) theo (33), (32) va (30).

Budce 3: Tinh Quyr = Q + Us(Sk).

Budc 4: So sanh Qiyi vGi Q. Néu Quyy = Qi v6i dO chinh xéc yéu cau thi S, 1a
nghiém cia phuong trinh (34). Trong truong hop ngugc lai, ta ddt k =k + 1 va trd
lai budc 1 gidi phuong trinh (35)...

b. Thuat toan 2.

Cho phép xét diéu kién ton tai, duy nhét va tinh virng ¢ hac cia nghiém, cing
nhu tinh chit ou dinh cla hé thf;pg kin. Ta xét mién bat dinh thong sé bién dang
Q4 € Q nhu sau

qa, € [Baai, dabi], i=1,2,..,7, 0< ¢g < L. ' (36)

Thanh phéan g, trong trudmg hop ndy khéng dnh huddén nghiém dwgce gitr nguyeén:
¢j < gb; < dj. Theo cac cong thirc (33) (32) va (30) ta thay: néu ahan cac giéi han
~q;, b; cla mién bat dinh véi ¢q thi Uy(S) duge nhan véi pg = ¢3. Nen phuong’ trinh
(34) twong Wng v6i mién bat dinh Qg 1

SqAo + A()Sd — S4B, R_IB,lnSd +Q + paUz(5) = 0. (37)

Gia st nho thuat todn 1 ta tinh duge ma tran cic dinh dwong Sy la nghiém cda
s o3 A oA [
(37). Ta ¢ dieu khién phdi tim

g = —R™'B! Sz (38)
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va gia ddm bao

Vi = 2/(0)Sa2(0)/2. (39)
D& khdo sat tinh chit cda nghiém va cda hé thong, theo (10) ta viét (37) dudi dang
| SdA(q) + A(q)Sq — SaBmR B! Sa+ Q" (¢q) = 0, (40)
trong do .
. Q*(4) = Q + pala(Sa) = D da.(SaAi + AiSa) , (41)
. i=1 -

Ta thiy (40) chinh I& phuong trinh Riccati cda hé théng ¢6 cac thong s& chinh xac:
adi twong didu khidn véi cdc ma tran dong luc A(q), Bpn; chuin binh phiwong t8i
thi®u véi cdc ma tran trong Q=(¢), R. Nhuw da biét, phuong trinh (40) ¢é nghiém xéc
dinh duong duy nhat khi

a. Cip [A(qg), Byn] 14 diéu khien dwge

b. Cip [A(g). Q*(¢)"/¥ 12 quan sat duge

c. Ma tran trong Q*(¢q) > 0, R> 0.

Diéu kién a va R > O bao ham trong gid thiét (14). Kidm tra diéu kién b cho
Vg € © la rat khé. Song cho cae hé thong diéu khién qua trinh cong nghé thong
thuong, co the gia thiet b thda man. Vay néu Q*(q) > 0 cho vq € Q, thi nghiém Sy
la duy nhat. Hé théng s¢ on dinh tiém can, ¢ du triv on dinh vé pha lén hon hodc
bang 60° (xem [3]).

" Tiép theo ta 6 the xac dinh dwoc mién bat dinh md rong t6i da Q. D Qg tai dé
diéu kién Q*(¢) > O van théa man, tirc phwong trinh (40), (37) ¢6 nghiém. Ta xét
mot s& dwong p > pa. Theo (31) ¢6 thé viét

r

Q) = 2'[Q + palla(Sa) = Y qu (S + AiSax

i=1
> 1"1[(2 + (Pd - p)UZ.'('S'd)]"L" Vz, qa, € [¢(l;, ¢bi]' o= /)1/2' (42)
Ta ki hiéu
Qu=Q+ (pa — p)Ua(S4). (43)

- ~ . 2 . ’ A’ = A’ ~ A’ ~ ~ ’ 3. ~
Goi p. 1a gia tri 1dn nhat cla p dé ma tran Q4 chuyén tir ma tran xdac dinh khong
am thanh khong xdc dinh dau. Sau dé ta cé mién Q.

pf_/zai < q¢q, £ pygb,-, t=1.2,...,n
e;<qy, <dj. j=1.2,..p. (44)

Trong thuit toan dwdi diy, ta biat dau bang giai plurong trinh Riccati (45)- la
trudng hop dic biét cia (37) cho pg = 0. Theo gia thiét (14), cip [Ao, Bu] & diéu
khién dwoe, cac ma tran trong Q > 0, R > 0. néu tim dwoe nghiem xac dinh dwong
duy nhat So. T So ta xac dinh mién bat dinh (Q.)e trong dé dam bdo ton tai
nghiém duy nhat va gidi phuong trinh (37) tim nghiém $,. Tiép theo, tir $, ta xac
dinh mién (9.), va giai phuong trinh (37) tim ughiém S, vov...
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Buéc 1: Gidi phuong trinh Riccati
SoAo + AoSo — SoBuR™'B}, S0+ Q = 0. ‘ (45)

Budc 2: Tinh Uy(Sy) theo (33), (32) va (30) va xdc dinh gla tri po dé (Qa)o =
Q — poUs(So) trd thanh khong xac dinh dau. Dit j=1. .
Budce 3: Theo thuat toan 1 tim nghiém cda phuong trinh

S; Ao+ AoS; — S; B R™'B.,S; + Q + pj—1U2(Sj) = 0. (46)

Buéc 4: Tinh Uy(S;) theo (33), (32) va (30) vi xac dinh gid tri* p; d&€ (Qu); =
Q + (pj—1 — pj)U2(S;) trd thanh khong xac dinh dau. Néu pi-1>1, thi mién bat dinh
();_1 da bao gdm mién Q da cho. Ta nhan dwgce két qla 5 = S;. trong trudmg hgp
ngigc lai, ta dat j =541 va trd lai bude 3. ‘

Ta thay, gia tri pi-1 > 1 dédc tluug cho tinh vung chic cia nglnem Nghia la diéu
khién gia dam bao tim dwge van c6 gia tri cho mién bat dinh m& rong (2.);-1 D Q.
So v&i cac cach tinh & trén, thuat toan nay doi héi khéi hrong tinh toan Ién Kon,
song ¢6 nhiéu wu dieém: ddm bdo t6n tai duy nhat nghiém va hé thong kin &n dinh
tieém can.

-~

Il KET LUAN

Trén day ta da ap dung phwong phap trong [1], [2] cho trudong hop tong quat:
déi tu‘o’ng diéu khién cé bat dinh thong s(; khong nhing trong ma tr{m dong lue
A(g) ma ca trong ma tran dau vio B(g). Ta xét truomg hop cac thong s6 bat dinh
¢a, (hodc ¢,) chi anh hudng dén ma tran A(y) (hodc B(q)). Trong truong hop plnu
tap: khi cac thong s6 bat dmln i dong thoi tac dong vao A(q) va B(g), cac két quia
trén van ¢6 gid tri. Ta chi can tinh lai ma tran B, trong cic phuong trinh (37),
(40), (45) va (46) cho phu hop vdéi mién bat dinh bién dang. Trong thudt todn 2,
bang cach cl]u)(:n phuong trinh (37) vé plnro’ng trinh Riccati (40), ta ¢ thé \(t
didu kién ton tai duy nhat va tinh virng chice eia nughicm, (ung nhi tinh chat on
dinh cta hé thong dira vio két gqia bai toan diéu khién ti wu binh phirong da bict.
D¢ tang toe do hoi tu eta thuat toan, ¢6 thé ap dung mot s6 ljp sung nhu trong [2].
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