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1.MO DAU

VEn dB didu khidn hé chiu nhidu téde déng déng vai trd ngdy cang 1én trong thol glan gén ddy. Bén
canh nhting k&t qua phong phit mang tinh ly thuyét siu shc, ta thdy cdn nhidu bai todn didu khién chua
¢6 181 gidl, Néu nhin tir khfa canh ng dyng, s& théy nhttng han ché rt 1én cla cde phwong phép trén.
Céc chitng minh v& mat todn hoe v tinh hé! tu clia nhitng thudt todn didu khidn 14 hoan todn ding déin.
Nhung trén thye t€ tinh todn dd xdy ra nhidu truémg hop khong dam béo tinh hél ty. Cling cén phai néi
dén vin d@ thoi glan thye trong didu khién, Tir ddy rét nhidu thudt todn didu khidn t8i wu d& khéng the
dwoce chdp nhn cho tng dung. P4 1a nguyén nhén vl sao hi¢n nay trong céng nghiép sit dung réng ré
b4 didu chinh PI/PID trong khi dé thiéu véng céc thut todn didu Kkhién t81 wu tinh t& nhu didu khidn &
wu thich nghi., ke

Mét trong nhttng 1y do 1am cho cdc thuft todn didu khidn t8i wu trén kém tée dung 1a sy luén lubn
mé td khéng chinh xdc ddng hoc hé théng va nhidu quan sét tir thye t& Trong khi dé cdc th® hién ngiu
nhién eda qué trinh quan sat (do ludmg) lai 14 ngudn théng tin duy nhét lam co s& cho vide x4y dyng cfe
thudt todn didu khitn 8! wu. Théng thudng didu Khidn cde hé tuyén tinh chiu nhidu tdc ddng dua trén
nguyén Iy tach, cé nghia 1 dwa trén co s& déng hoc durge md ta bing wée lugng trang thal, théng s8. Kh
ngudn théng tin ti¥ cde thé hién quan sdt danh cho viée didu khidn khéng cdn duge mé td mét cdch ding
ddn thi tinh chinh cia bal todn wée lrong va didu khidn cting mét luén [6). Hay cd thé nét ring bat toin
wée lwgng va didu khidn 181 wu hé chiu nhidu tée déng 14 bai todn dit khéng chinh. Do dé céde thudt todn
didu khidn néu khéng duwoc xAy dung trén nén tang chinh héa dBu s& dén dén nhiing két qua vé nghta,
tw han ché di mi#n ﬁ'ng\dung ctia minh,

I1 - DAT CHINH BAI TOAN UG'C LUQ'NG VA DIEU KHIEN TOI U'U

Trude hét xem xét bal todn wée lwong va didu khidn théng thwdng. M6 hinh hé tuyén tinh [2)

X(t) = A(t)z(t) + B(t)u(t) + w(t) (1)

X(to) = Xo (1a)

Md hinh quan sét Z(t)=C(t)X(t) + V() (2)
Y Ela(to)<" (to)] = Pao (2a)
W (t) ~ N(0,Qa(t) (2b)

V(t) ~ N(0, Ra(t)) (2¢)

DB khéng lam mét tinh téng qudt ctia bt todn, ¢d the gid thiét ring:



Céc qué trinh W(t), V(t), X (to) la ddc 1ap vé1 nhau. Tim didu khidn t8i wu trong 1&p ham lién hé nguee
lam cye tidu phi€ém ham didu khidn cd dang sau déy:

t
J = E{l=(t;)|% + /[HS(‘T)“%;(,) + [[u(r) Iy () Jdr} = min (3)

Trong ddé Ri(t), Ra(t) 1a cdc ma trén xde duﬂ?dwomg va d8i xting S, Q1(t), Q2(t) 1a cdc ma trén xdc dinh khéng
Am va 481 x\itng. BAl todn tim didu khiln t8i wu theo nghia (3) véi rang bude (1), ) ¢d cée két qua sau:

u'(t) = — Ry () BT () Py (1) 2(¢) (4)
Pi(t) = =Py(T)A(t) - AT(8)Pu(t) = Po(t) B(O)R7(6) BT (¢) P (t) - Q@ (2) (6)
Py(ty) =8 (5a)

Glé tr} cye tidu tiéu chulin diéu khidn (3) trén [t, t1] 1&:
I = (B, + *f{/Kn(f)Rz(f)Kg(f)P:(f)df} ' (6)

vé1 déng hoc 1

B(t) = A()2(e) + B(t)ult) + Ka(t)]2(t) - C(t)4(2)] (7)
&(to) = 29 (7a)
Ka(t) = Pa(t)e” (1) Ry * (¢) (8)
Pa(t) = A(t)Pa(t) + Py(t) AT (t) = Pa(t)CT (t) R (£)C(¢) Pa(t) + Qa(t) (9)
Pa(to) = Pay (9a)

Céc bidu thire (4) - (9) 14 nhitng phuong trinh xdy dyng bé didu khién t&i wu cta 1y thuyét didu khién
néi chung vé1 cée ddi hoi hér sire chinh xde v8 A(t), B(t), C(t), Pzo, R1(t), Ra(t), Q1 (t), Qa(t), (2a), (b, (2¢)...
ma khé cé th® 6 trén thye té diéu Khién, Cho dén nay da s8 cdc chuyén gia didu khién d2u nhét trf vé
tinh bét dinh ¢é cfu tric xdc sudt ndm trong hé didu khién [3)

Ta hlly xét mét truerng hop khi Ri(r) ¢é tinh ché wde t81, T 1y thuy&t dai s8 tuyén tinh, thdy ngay
rAng cée gid tr} didu khidn t81 uwu thu duoce s& khéng con gitt dwoe 8n dinh véi cde sat s8 1am trén tich
lty trong qud trinh tinh todn, Can phdil né1 thém ring thye té phan b8 chulin cia nhidu thuéng kém theo
duéi niing [4]. DAy 1a didu hét sire nguy hidm dé1 vé1 bal todn wée lugng v8 didu khign néu nhitng quan
sdt bt thudng nay xufit hién & nhitng thoi digm ban diu eda qua trinh didu khidn, Tinh khéng chinh cta
baf todn lam cho digu khién 8l wu thu dwoe hodin todn xa réi thye té, chinh vl vy cin xiy dyng thudt
todn didu khiBn vwot qua dwoe ban kinh bt dinh tdt yéu v& dit 11éu ban diu, 8n dinh véi cde sal s8 tich
Ity trong tinh todn thye té tir cde quan sét bAt thudng, Twong ty nhu bai todn wée lweng [5] stt dung
théng 56 chinh hda, tir bai toan tim cye trj (3): gid sit u* (t) 1a didu khidn t&1 wu, do J chi 14 ham 181 don
thulin nén ta ludn tim dugce ui(t) sao cho:

by
trong dé e nhd tiy v, va
2) Hidu fii(t) - u(t)|nhén cée gid tr ldn thy v,

Ddy chinh 1& sy mdt 8n dinh cda LAl todn didu khidn t81 wu trong didu kign det 1iéu ban dau b} sai
léch. B? ddm bdo cho bat todn duoe dat chinh, cin phat bd sung vao tiéu chulin chét lwgng didu khidn (3)
mét dal lwong duong got 1a phiém ham &n dinh héa hay phiém ham chinh héa [1] 2(w) vé1 hé s8 chinh
hda cé nghla la .

J{uy(t)] < Juo(t)] + ¢ (10)

Ja, = J + a;}(u) = min (11)
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Dang (2 (u) s& tiry thudc véo timg bl todn didu khidn cy thd, Khi 6 Jo 1 s& 1a ham 131 manh ddm bao tinh
chinh ctla bai todn cye trj (11) véi cde rang bude (1), ()

111 - PIEU KHIEN HE TUYEN TINH VO'1 TINH CHE UG'C TOI Ri(t) VA NHIEU
QUAN SAT CO PHAN BO CHUAN KEM DUOI NANG

Py 1a trudng hop khd didn hinh trong thyc té didu khidn; rét gin véi didu khidn té1 wu tde dédng
nhanh, di®u khidn bang bang khi Hamiltonian khéng phu thude vio didu khién u(t).

Hé tuyén tinh duoe dic trung bing cée phuong trinh (1), (2) vé1 cde gia thiét gin ding (2a), (2b) va R1(Y)
¢d tinh ché wée t31 nhibu quan sét o6 dudl nAng. CAn tim didu khidn t&1 wu lam cye tdu phi€m ham (D).

Ham chinh héa dwge chon nhu sau:

| Ou() = uT (t)u(t) (12)
Nhidu quan sét ¢6 phén b8 chulin vé1 duéi niing duoc difn t qua cde quan sét bt thudmg vél xde suflt q:
V(t) = (1= 7)ut)(t) + yu'?)() (19)
trang s o!(e) ~ N(0, BE () o' (e) ~ N(0, R{P)(2)) (13a)
R (2) « RA(1) (13b)
I€K1-¢ (13¢)
v y 1A dat lwong nglu nhién, nhn céc g4 tri O vA 1véi cde xde suft
Py=1}=g¢ (13d)
P{y=0}=1-4 (13¢)

Qud trinh chinh héa duge bt diu ngay khi xfly dyng b loc t&i wu hat mite. G4 ngha 1A tiéu chulin loe
t&1 wu théa mén [4)

. Jas = trE{[z(t) ~ 2a, (t)][Z(t) ~ 24, (t)7} + a:&ﬂ, (¢)2a,(t) = min (14)
trong dé aa 14 théng 88 chinh hda cia b loc hal mie [5).
Trude hét kim tra tinh chét tdch gitta wéc lwong va didu khidn, dwa vdo quan hé

B{B{s/y)}) = B{z) (18)
Viét phi€m ham (1) dwé! dang '

Ja, = E{E||2(t;)3/2(t,)]} + B j: :' Ela(r)I3,)/2(¢1)}dr}

iy 9 (16)

+ B[ )y i} + Bl Ju(r)?)

Do tinh chét fo

E{XTMX)} =57 M% + tr{ M. cov | X]} (17)

véi X 12 dai lwrong nglu nhidn vé1 gid trf trung binh 7 , rit ra

t
Jay = E{||2a, (1)1} + /; (120 ()G ey + M) IRy )0y 1y )T}

(18)

+ B(riSPuy(t1) + [ Qur) Py (1]
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Cht y rdng [5]

& déy loc mite 1
8(t) = E{z(t)/Z(¢)} VA Hiép phwong sal Pa(t) (19)
Loc mitc 2
Ba,(t) = E{z(t)/2(t)} va Hiép phuong sal Pa(t) (20)
Hiép phuong sal cé didu kién nhv & mite loc 2:
Poy (t) = B{[a(t) = £a,(6)][a(t) = 2o, (6)]/2(8)) (21)
Phuong trinh loc dira trén phwong phdp hal mite cé dang:
Bas(t) = A(t)2a, () + Bt)u(t) + Ka, (£)[2(t) = £a, (¢)] (22)
véi Bas (to) = &(to) = 2o (22)
Kay (t) = Pay (t) P (1) K (23) -
Bi(6) = AWPAt) + Pa(0) 470 ”
= Py(t)CT (8)](1 - Q) R{M (t) + gR{V (¢) + aad| T C(E) Pa(t) + Qalt) ( .
Py(to) = Pyo (24a)
Poy(t) = A(t) Pay (t) + Pay (8) AT (t) = Pay () P32 (t) Pay (t) + Qa(t) (25)
P, (to) = Pa(to) = Pao | (268)

¢ bidu thire (25) ta th8y P(t) khéng phu thudc vao didu khiln, do viy viée tim didu khidn t&i wu qua him
mue tiéu (18) twong duong véi tim diu khidn lam cye tidu s8 hang diu tién cla (18). Nhu vdy tinh chét
tach vln duge ddm bdo trong trwdng hop dd chinh héa nay:

Jo, =mindJa, = minJy, (26)

Pé&n ddy cé thd sit dung phwong phép [6] gl bai todn cwe tiBu phi€m ham sau d& dwee chinh héa ti
loc dén didu khidn:

— ts
'-'rtu = E{Hﬂﬂz(t!)”g + ./: “lﬂua(r)“’m(rl + "“(r)”(‘m{r)d-mllldf} (27)
véi ring bude (22). Cu the 14 viét phuirong trinh Bellman cho ham muc tiéu 27):

BJ 3J
T A (| Eay (1B e + ”ua;(t)”(lhl!)+a;f] + (aa ) [A(t)2q, (t) + B(*)“a.(*)]
(28)
i t'le(‘) aﬁg ] =
Véi didu kién bién "
Tay = 1B (t)I13 (28»)
Ti gié thiét u% (t) 1 didu khidn t81 wu trong phuong trinh Bellman trén do dé tim duoe:
—ipT a7l
Ug, (t) = --lﬁl(t) +aul|™'B (t){—‘} (20)

Phuong trinh Bellman con ¢é the viét dwéi dang sau:



.87, 1 al,
T + "a‘ll(t)"’Qﬂi) - ZHBT(t)'é_a:-:'“?nﬂﬂ'Fal”'l

at (30)
87, 1 8°7,
Ve s oddi4" q 8 .
+ 920, A(t)2q, () + 2tr|Qg(t) ETTR |=0
Tuong ty [2] dang nghiém cta phiong trinh (30) 1
7;; o ”gﬂi(‘)“?’;(l) + f(t) (31)
dé dT
e o = rQa() A0 (31a)
T(ty) =0 (31b)
Thay vao (31) vdo (30) va chi y rling trong qué trinh bién d8i, s& ¢
%Z—:J- = 2P;(t)2q,(t) (81¢)
Thay ca vao (29). Ta nhén duge cde phuar:g trinh
ug, (t) = =[Ru(t) + ayd]™ BT (t) Pa, (t)2a, (¢) (32)

Pay () = = Pay () A(t) = A(t)Pa, (t) + Pa, ()B() R1(2) + aid| ™' BT (t) Pay (1) = Qu(t)  (38)

véi didu kién ban diu:
Pa(ty) =8 (33a)

Gié tri ege tlﬁu cla ham muc tiéu trén doan [t, t1]

Ta, = lI2ay ()3, 0 + "'{j:" Kay (7)1 - Q)Rs”(f) +qRY (r)| KT, (r) Pa, (r)dr}  (34)
Trong trudng hop quan sét rr rac (6, 7] thanh phin
tr{ -7 }so (34a)

Néu cho t = to vh bd sung s8 hang thir hai cla (18) ta thu duoc gid trf cye tidu trung binh cla ham
muc tidu tdng thd trén toAn khodng [to, tt )

. - ¢
Tay = ll2(to)lh,, (10) + tr{ [ Kay (n)(1 = QR (r) + gL () KT, (7) Py (7)dr)
' ’ 4y (35)
+ (8 Pay (t7) + j‘ Q1(r) Pay ()]
0 .
Céc bibu thire (22) + (25) va (32) '+ (35) la nhitng phwong trinh xde dinh trang théi va didu khidn
t&1 wu hé (1), (2) véi chulin didu khidn duoe chinh héa (14). Trong dd Ri(t) ¢d tinh ché wée t8i va nhidu

quan st 1a nhifu trén Gauss. D2 th&y ré hiéu qua cla phuong phép chinh héa, ta xét mét truérng hop cd
trong nhi2u bai todn thye t& d6 1a khi théi glan quan sét khéng han ché,

IV - TRUO'NG HQ'P HE DUNG tf = 0,10 = 0

Xét hé (1), (2) v& hwdng vdi cc hé 88 khéng phu thude vao thoi glan
z(t) = az(t) + bu(t) + w(t) (38)
s(t) = cz(t) + v(t) (37)
Céc didu kién tuong ty (2a), (2b), (2¢), véi 11, r2, qy, qa. Phuong trinh (5) trd thanh

0=2aP +b%r; Pl ¢ (38)



Cé nghiém duong sau déy

a+ /a3 + b3 g
P = — (38a)

e
Tir ddy didu khidn t81 wu cé dang

a+a?+b3r7q

ult) = - ; 2(t) (39)
Trong dé wée lwong £(¢t) thoa mén
B(t) = aB(t) + bu* () + Ka(t)[Z(t) - cd(t)] (40)

Cdn hé s& Kalman nhén gi4 trj
a+a? + c’r{lqg

Kg?'a- P

(41)

Ta nhén th&y rdng khi r1 — 0 hodic ra — 0 thi didu khidn t&1 wu (39) tr& 1én 16 vé han. Didu dé cé
nghta ring: mc dii chi tiéu chit lwong khde nhau véi gid trf httu han nhung didu Khidn t&1 wu lat 6 thd
xa nhau tlly . Diéu ndy chitng té tinh khéng chinh ctia bai todn didu khidn t&1 wu, D& khic phuc nhuge
dibm ndy, sir dung luge d8 chinh hda mye 11l véi todn bd cde phwong trinh (22) + (25) va (33) + (35).

Riéng phuong trinh (33) tré thanh
f 0
= —=2aPy, +b%(ry +a;)" Py, - q (42)
Cd nghiém sau

a+/a? + 63(ry + a;)~1q,

P’H = b7(r1 n al)”l (428)
Piéu khidn t81 wu dwee chinh héa
. a+v/a? +b3(r) + a,)"!
u,!l(t) = J b( 1 1) 91 £n, (t) (43)

Nhw vély khi rv = 0 va ra — 0, wde lwong mite hal d& duwge chinh hda 1a ham bj chan va didu khidn
t81 wu cling 1a ham by chan. Ngoal ra cé the chon a1, a2, q d ¢6 didu khidn t81 wu 8n dinh véi bén kinh
bAt dinh v& ddt 1i¢u ban diiu va véi sai s lam trén trong qud trinh tinh todn,

V. KET LUAN

Bai todn diBu khien t8i wu thwe chét 1a bal todn dat khéng chinh, cé nghfa 1a nghiém cla né e6 thé
thay dt véi gid tri httu han ma khéng cd sy thay dbt v@ gid trf phi€m him diBu khign, V&n d8 nay trong
nhiéu trudng hop thue té ¢é thd khéng nguy hidm. Tuy nhién cé nhitng 1¢p bat todn (khéng phai 1a nhd)
trong d6 tinh khéng chinh lién quan dén khé néng lam didu khidn t6i wu xa nhau tiy ¥, nhung phiém
ham di2u khién thay d8i khéng déng k& Nhur vdy viée sit dung phuong phép tinh théng thuéng s& rét
nhay véi saf s8 cia dit liéu ban dilu va sai 8§ 1am tron, dAn dén cée két qua vé nghta, '

Quan digm chinh héa bai todn digu khign t81 wu cho phép loal bd nhitng nhuoe didm trén, do dé mé
ra kha nang {ng dung cdc thudt todn tinh t& hién ¢d. Tuy nhién viée chon 2(w), a1, a2 va q 441 hét nhitng
kinh nghiém nhét dinh ctia cde chuyén gia digu khidn déi vé1 tirng bal todn ng dung ey th,
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ABSTRACT

Concept of the Regularization in Estimation and Control of Dynamical Systems

A approach based on the Regularization 15 suggested, This concept can be effectively applied for solv-
ing one wide class of filtering and control problems at the uncer tain conditions. The effectivity of sug-
gested approach is demonstrated by the case for control of statlonary Systems.
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ABSTRACT

In this paper, we apply the theory of data base mappings to the important areas of data base systems:
data base n-decomposition and independent update in distributed data base. We show how our general
results reduced to well known results in the special case of projection and functional dependencies.



