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PHUONG PHAP THIET KE GIA Ki VONG
CHO HE THONG VOI THONG SO BAT PINH

CHU VAN HY

ta

Abstract. This paper presents a method of designing a quadratic optimal output feed-
back control system with generalized parameter uncertainly. For the case of discrete
probability distribution of system parameters in uncertaity domain an algorithm is given.

1. MO DAU

Diédu khién bén virng (Robust - Control) 1a céc ti€p cidn méi cho gidi quyét
van dé diéu khi€n cac hé théng c6 thong s6 bat dinh. Trong truwong hop chi biét
mién bién d8i N cda vecto théng sé bit dinh ¢, ta c¢6 thé thiét ké hé théng theo
phwong phép gid ddm bdo [1]: di tim diéu khién u(t) d€ cyc ti€u héa gia tri lén
nh&t c6 thé cda ham gid J cho tit cd ¢ € Q. Tinh toén cho thay: gid ddm bdo
nhan dwoc c6 thé 1én hon rat nhidu so véi gid t8i wu cda hé thong véi thong s
daph dinh (khi ¢ = 0). D& c6 gid ddm bdo sdt thwc hon, ta cin cé thém théng
tin vé quy luat bién ddi cia cac théng sd bat dinh. Trong bai nay gid thiét biét
dugc ham méat d6 xac suit p(q) cda vecto g trong mién . Cho cic hé ddng lyc,
tim moét ham gidi tich p(g) 12 khd khé. Trong truong hop p(g) 12 ham lién tuc,
din dén gidi hé phuwong trinh tich phin ma tran (22), (23), (24) rat phic tap. o
day ta sé gidi trudmg hop phan b8 xdc suit roi rac. Ham mat do xdc sudt (25) ¢6
thé xac dinh tir N di€m dic trung g, k = 1, 2, ..., N trong mién Q, hojc tinh gan
ding tir ham lién tuc p(g) cho truéc. V&isé N 16n, khéi lugng tinh todn ting va
ta thu dwoc két qua chinh x4c hon.

Trong [2], [3] phwong phip gid ki vong dwogc 4p dung cho thiét ké céc hé
thdng véi phan hdi trang thai. Dwéi diy ta xét truomg hop téng quéat hon: hé
thong diéu khi€n phdn hoi diu ra véi bt dinh théng s6 trong tit cd cdc ma trin
hé théng (4), (5), (6). So vé&i dieu khi€n phén hdi trang thai, vu diém & day la:
khéng phai xay dung bd quan st cic trang thai khong do duge. Thoi gia ntinh
on-line luat diu khién (7) ciing nhd hon, vi s6 diu ra thudng nhd hon sé trang
thai. Nhung do mét s8 trang thai khong dwoc phdn hoi lai d€ diéu khién hé thdng,
nén ta khong thé 4p dung céc phwong phép cia L.S. Pontriagin va R. Bellman.
O’ day ching t5i mé rong phuong phép t8i wu héa thong s8 cia T. Yahagi trong
[5] (cho hé thdng vé&i thong s8 biét chinh xac) d€ 4p dung vao hé thdng véi thong
s6 bat dinh.
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2. PHUONG PHAP GIAI
Xét hé théng tuyén tinh

i(t) = A(q) z(t) + B(q) u(t) (1)

)

y(t) = C(g) (1) | (2)

Trong dé z(t) € R™ 1a vecto trang théi, u(t) € R" 14 vecto diéu khién, y(t) € R™
1a vecto ddu ra mé rong: gom cac diu ra vd mot sé trang thai -.1a nhirng dai
lwong do dwoc, dung lam phdn hdi. Vecto théng sé bit dinh ¢ bién d8i trong
mién khép kin bi giéi han w € RP véi mat dd xac suit

= {0 1o ®)

Céac thong s6 bat dinh tac déng tuyén tinh vao ma tran déng lyc, ma tran dau
vao va ma trin dau ra

-

A(q) = Ao + Z q(1) A; (4)

B(g) =Bo+ Y _q(i)B; (5)
1=1
)4
Cla) = Co+ Y aliC, ©)

Ta phdi tim ma tran khuéch"dai hing K cda ditu khién

u(t) = Ky(t) (7)

dé dwa hé théng tir trang thii dau z(0) trd ve vi tri cin bing z(co) = 0 sao cho
crc ti€u héa ham gid

A }‘

J = E{ /ooo[z'(r)Qx(T) + u'(r) Ru(r)]dr} (8)

Trong d6: Céc ma tran trong dugc chon @ = Q' >0, R=R' >0
E{.} ky hiéu gia tri ki vong

E{} = / {Ipola)dg | )
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Phuong phép & diy dua vao bi€u dién ham gid (8) duéi dang

J = E {z'(0)Sz(0)} (10)

Trong dé6: S’ > 0 13 ma tran h&ng chua biét. D€ thanh 1ip quan hé giira ma tran
S véi cic thong s cia hé théng, ta xét ham gid tong quit hon

J‘: E{ ‘/too[z'(T)Qz(r) + u(r) Ru(r)]dr} (11)

Theo (7), (2) ta cé
J = E{/ )(Q + C'(q) K' RKCfq)z(r)dr } (12)

Ta bi€u dién ham gia (11) dwéi dang

J=E{z'(t)Sz(t)} (13)

Céc quan hé (7), (10), (13) da dugc ching minh cho trudng hop hé thdng tuyén
tinh phan hoi trang thai véi thong s8 biét chinh xdc. Biy gio ta 14y dao ham theo
thoi gian hai vé cia (13)

S = EL0Sa() + )52}
T =E{d()[(A(g) + B(9)KC(9))'S + S(A(9) + B(9) KC(q))]=(t)} 1)
Mit khéc, tir (11) ta cé
7 = E{([ #()(Q + C'())K'RKC(a))(r)dr)| )
Vi z(00) = 0 nén
‘3_{ = E{-2/(t)(Q + C'(¢)K'RKC(g))=(t)} (15)

So sanh (15) véi (14) suy ra

E{z'(t)[(A(q) + B(q)KC(q))'S + S(A(q) + ( JKC(q))
+Q+ C'(q)K'RC(q)]x(t)} = (16)
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B&i vi diéu kién (16) cin thda man cho trang thai bit diu qud trinh didu chinh
x(t) bat ki, nén ta cé phuwong trinh rang budc ma tréan.

F = E{(A(q)+B(q)KC(q))'S+5(A(q) + B(9)KC(q) +Q+T'(¢) K'RKC(q)} =

()
Viy, bai toan diéu khién t8i wu trén day la twong duong véi viéc tim ma trin
K cuc ti€u héa ham gié (10) véi rang budc ding thirc (17). Bang cich dva vao
ma tran céc nhan tr Lagrange d&i ximg L (do F d6i xirng), ta chuyén vé gidi bai
toan cuc ti€u héa ham H khéng rang budc

H = E {'(0)Sz(0 }+ZZL,JF,]—E{tr[z }+Z ZLUFJ,

i=1 3=1 1=1 j=1 -~

= tr[E{Sz(0)2'(0)}] + tr[LF] = tr[E{Sz(0)z'(0)} + LF] (18)

L&i gidi t6i wu ¢6 thé nhan dwoc tir dieu kién cdc dao ham riéng cia H theo
L, S, K bing O:

tr[E{(A(q) + B(9)KC(q))'S + S(A (q) B(g)KC(q))
+Q+ C'(q)K'RKC(g)}] = (19)
tr(E{(A(q) + B(9)KC(g))L + L(A(q) + B(q)KC(q))’ + (0)z'(0)}} =0  (20)
tr{2B'(¢)SLC'(q) + 2RKC(q)LC'(q)}] = 0 (21)

Khdo sit ti€p cdc dao ham bac 2 dé tim dieu kién can va di cho ham H dat
cuc ti€u, ciing nhu chérng minh s ton tai va tim tat c cdc nghiém cda hé phuong
trinh (19), (20), (21) 13 rdt khé. Hién nay ngudi ta méi xét dwoc nghiém ddc biét
ctia hé: Khi cdc ma tran bén trong toan ti trace bdng 0. Sau khi thay E{-} bdng
tich phan theo (9) ta cé:

/n {(A(a) + B(a)KC(9))'S + S(A(q) + B(a)KC(q))
+Q+C'(q)K'RKC(q)}po(q)dg =0 7 (22)

/Q{(A(Q)+B(¢1)K0(q))L+ L(A(q) + B(9)KC(q))’ + z(0)z'(0) }po(g)dg = O (23)

/;I{B'(q)sw'(q) + RKC(q)LC'(4)}pola)dg = 0 (24)

Ta th&y: néu mit d6 xac suat po(q) 13 ham lién tuc, vi du trudémg hop thudng
g 4p nhédt 1d ludt phan b8 xac sudt chudn (Gauss), hojc trudong hop don gidn
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nhét 12 ludt phan b6 déu, thi gidi hé phwong trinh tich phan ma tran (22), (23),
(23) 1a rat phirc tap. O diy ta xét trudng hop phin bd xic suit roi rac

N
=Y peblg—qr); O<pe<l; > pe=1, (25)

trong dé pi 1a x4c sudt d& vecto thong s8 bat dinh cé gid tri bing gk, 6(.) 12 ham
Dirac.

Dé thanh 14p po(q), ta chon N di€m dic trung: qx € Q, k =1,2,..., N va
tinh x4c suit px cho ¢ = gx. Néu cho truéc ham mat d6 xac suat lién tuc, d& roi
rac héa ta chia 1 thanh N mién nhd. S8 N cang 1én thi két qud cang chinh xac.
Thay (25) vao (22), (23), (24), sau khi bién d8i ta nhan duoc

N N
Z A(gx) — B(ax)KC(ax))]'S + S[ D pe(A(gx) + B(ax) K C(ax))] + @
k=1 k=1

N
[ peCllae) K'RKC(g)] =0 (26)
k=1

N
Alg) + B(ge) KC(qx))] L+ L[ Y pe(A(gx) + B(ak) KC(ax)))’
k=1

+2(0)z'(0) = (27)

an

K=- ZpkB (%) SLC' (gi)] Zpkc (9)LC'(ax)] T (28)
k=1 k=1

Ta c6 thuit toan 13p dé€ gidi hé phuwong trinh trén:
Bude 1: Chon Sop = Lo = I, 1a ma tran don vi.
Chon ma trin khuéch dai Kj sao cho

N
>~ pr(A(qk) + B(qk)KoC(gxk)) 12 ma tran &n dinh.
k=1

Trong nhiéu truomg hop ¢ thé 1dy Ko 1 ma trin khuéch dai t8i wu cia hé
théng danh dinh (khi ¢ = 0).
bit y =0.
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Bude 2: Gidi cac phuong trinh Liapunov tim S;4y, Lj4

1=

pr(A(gk) + Blae) K;C (k)] Si1 + Siz1[ Y pe(Alge) + Blae) K;C(gx))]
k=1 .

ax
I
—

+Q+ }:pkc (qx) KjRK;C(qx)] =0
k=1

!

)=
-

Pe(A(gr) + B(ak) K;C(ak))] Ly+1 + Liv1[ Y pr(Alax) + Blge) K;C(qx)))

e
I
-
>

i

1

+ z(0)z'(0) = 0
Budc 3: Tinh sai s6 ma tran khuéch dai
N | . )
AK;j = ZPkB (9k)S;+1L541C"(ak)] [ D prClar)Lj41C" (ax)]
' k=1 k=1 -

Bude 4: Ki€m tra néu |AK;|| = [tr(AK]’-AKj)]l/2 < B 13 mét s8 nhéd phu thude
db chinh xdc yéu cau, t acé két qud K = K;. Nguoc lai, thyc hién ti€p budc 5.
Budc 5: Ldy Kji1 = K; + aAK,

Trong d6: a € (0; 1] duge chon trong tirng 1an 18p sao cho ham gia:

Jj+1 = tr[Sj41(2(0)2(0))] < J; = tr[S;(=(0)z"(0))]

P

bit j = j + 1 va quay vé buéc 2.

3. MOT sO VAN BE MO RONG

Tir hé phwong trinh (19), (20), (21) ta thdy: ma tran khtiéch dai K phy thuge
vao trang thai ban diu z(0). Ta xét trudn ghop biét chinh xdc gid tri z(0). Cé
thé chirng minh: cdc két qud trén vain c6é thé 4p dung cho trueong hgp z(0) 13 bién
ngau nhién, ta chi biét cac d¥c trung thdng ké:

ME[z(0)] = zo; ME[a:(O):z:"(O)] = Xo (29)

Liic d6 can thay z(0)z'(0) bing X vao cic cdng thirc trén.
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Cho céc hé théng véi phdn hoéi trang thai, khong chtra bét dinh trong ma tran
diu ra: C(q) = Cq = I, tir (26), (27), (28) ta cé

N
K =-R7'[) puB'(a)]S (30)
k=1 -

Soa

N N N
Z Algi)+ (q |'s+s Z Algx)+B(gx)K)]+Q+[ ) peK'RK] =0
. = = (31)

N N
!
Z A(gx) + B(gr) K)] L+ L] Z A(qx) + B(gx)K)]' + z(0)z'(0) = 0 (32)
Trong cdng thic (30) khdéng con L, nén ma trdn khuéch dai K khéng phu
thudc trang thai ban diu z(0) nira. Dé ding nhin thiy, cho hé théng véi céc
thong s8 biét chinh xdc: ¢ = 0, A(q) = Ao, B(q),= Bo cdc cdng thic trén sé cé
dang quen biét.

4. KET LUAN

Trong bai ta da xét hé thong phan hoi dau ra chita bat dinh trong tit ca cac
ma tran hé théng va phan tich két qud cho céc trudng hop dic biét. Ludt phan
bé x4c sudt cia thong s bat dinh duge nghién ctu nhw la théng tin b sung
nhim gidm gid ddm bdo va ning cao chit lvong diéu khién [2,3]. Ta di din ra
1&1 gidi chinh xac cho trudmg hop phin bd xéc suat roi rac. Uu di€m cda phuong
phdp & day la: s6 &n phai tim (cdc phin t cla ma tran K, S, L) khong phu
thudc vao s6 dic di€m dic trung N cda mién (. Do d6 ta c6 thé ting s6 N dé
dat kétq ud chinh x4c hon, ma tinh todn khéng phirc tap thém nhieu. Mot sé
phwong phép tinh gin ding ¢ thé xem & [2].
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