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GIAI BAI TOAN DIEU KHIEN TOI UU
CAC HI THONG CO THOT GIAN CHAM

NGUYEN NHAT LE

Bai todn diu khién t8i wu cic hé thdng cé thdi gian chim da dwoc mét 8 tic gid xét dén
trong cdc trwdng hop riéng vi gidi bing cdc phwong phip khdc rhau (1, 2, 3]. Trong bai nay ta
xét bii todn digu khifn t8 wu cic hé thdng c6 nhidu thii gian chim, khéng dit gidi han trén ham
digu khién vi gii né bing phwong phip gradient lién hop [4].

1 BAI TOAN
Xét hé dong lwe dwoe mb td bdi hé phuong trinh vi phin cé thdi gian chim:

I(t} = f(I-(t); z(t - ai): A I(t - am)! u‘(t): u(t - ﬁl)l e :u(t - !Gs)) (11)
Véi didu kién d3u:

z(t) = p{tj; —0, £t <0

ult) = ¢(t); ~B, <t<0 (1.2)

& diy:

z(t) : Vécto trang théi n chitu

u(t) : Vécto didu khién r chitu

o, B; : Céc thdi gian chim, v gid thift:

ap <ay < < O, Pr <fa<---<f, (1-3)

* Tiéu chuin t8i wu dwoc cho & di_mg phi€m ham:

tr

J:g(z(tf)}+[f0,(z(t),z(t—al],‘...,x(twam) u(t), uft — f1), ..., ul(t — 8,))dt | (1.4)

0

Néu ¢ = 0; fy = 1 ta c6 bii toin ditu khifn t8i wu vE thod gian.

Goi 213 lcrp cc digu khién cho phep

Xk 13 t4p muc tidu. .

‘Bai toan ditu khién t61 wu cdc hé thong c6 thin gian chim dwgc phat bide nhiwr sau:

Hay tim ham ditu khién u * (t) € (1 sao cho =(t) thda man hg phwong trinh (1.1) véi ditu kién
diun (1.2) va di%u kién cudi z tf} € X*, dong thoi phiém ham (1.4) dat gid tri nhé nhit:
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J(u*) = Lnelg l.f(u)‘

Hiam »*(t) thda min cdc di€u kién trén dwgce goi 1i di%u khién t8i wu, c4c trang thdi twong
g, ky hidu z*(t}, dwec goi 13 qui dao t6i wu.

2. CAC PHUONG TRINH CHINH TAC HAMILTON

1. D& r3 rang, d3u tién gid thift 13 chl ¢6 mdt thai gian chim trong vecte trang thal vi mét
th¥i gian chém trong vecto diBu khifn. Céc ham d1eu khien khéng bi giéi han.
Cfin lam cwc tidu phiém him:

I =glelig)) + f fo(=(e), =(t ~ a), u(t), u(t - F))dt - (2.1)
khi z(t) thda man phwong trinh: |
#(t) = £ ((t), 2t — &), u(t), ult - £)) - (2)

Vé&i dign kign diu:

z(t) = (,o_(t}; —a<t<0

2.3
)= 4l —p<t<0 @)
Xiy deng ham Hamilton & dang: l
H=fo+4"f | (2:4)
o] day . ' ‘ o
= [#1(8)s - ¥ (8)]
Gih thiét di cé didu khifn t8i wu u*(t) vi qui dao twong dng z*(t). Xét fczic bién phén:
z{t) = z*{t) + 63,  z{t—a) =y =3t — a) + by,
u(t) = u*(t) + bu, ult—fl=z=u*(t — B) + 62
8] day:
fy=6z, 0<t<t;—a; by=0, t;—a<t<ts '

52*511., 0<t<tf-—ﬂ, b2=0, t;y—-B<t<ty

Phiém- ham (2.1) ¢6 thé vide & da,ng

J = g(=z(ts)) + | (H -7 2)dt

c;-..h__‘:

Bién phin cda phi€m ham la:
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ts
§J =g, 6x(i;) + f[H bz -+ Hyby + H 6u+ H, 62+ Hyfyp — 6y7 ¢T6I) {2.6)

0

Trong d6: H., H,, H,, H,, Hy la shirmg gradient cliia him Hamilton theo z, v, u, 2, va 4.
L4y tich phéin tirng phan thanh phin cuéi ciing trong (2.6). Ta cé:

tj tr
/ T sidt = ¢Taz|;f - /¢T5mdt
0 0

Nhw viy ciing véi (2.5) ta cé:

tr tr
§J =(g. — ¥ )éz(t;) +f5¢(H,}: — z)dt + / §z(H, + Hy + 47 )dt+
7 ] 0
ty ty—f ty
+ / Sx(H, -+ 9T )dt + f bu(Hy + H)dt + f SuH,dt -+ ¢ 5I|tf ot -
ty—-a i . 0 tfwﬂ (27)
Pigu kign §J == 0 v&i cic bién phin Sz,...,0¢ 1a ‘dfjc l3p, ta nhin dwgc difu kifn cin cla
ditu khién t8i wu & dang cdc phwong trinh chinh tic Hamilton:
i(t) = HY = f{z{t), z{t — o), u(t),u(t — B)); O0<t<ty (2.8)
. 8 H(¢) '
TH)=—H,=— - <t : 2.9
1lb (t) HZE aI(t) ] tf O( <t =S ( )

T = —H— (), = 20 3H(E)

= — . < —a.
y)|t+a EP (t) BI(T—O;’) i 0t <y a

r—t+a
8 H(t) '
H, = —0, t—f<t<t 2.10
du(t) 1= 8 I ( )
3 H (z) 8H{7) ;
H,+ {H, = + ; 0<t<t; —f8
{ )lt“w u(t)  du(r—p et J
) Vc’ri cac ditu kién:
W (t) = 0ol s Wt — o) =Pty —a7) (2.11)

2. D381 vél bé ¢6 nhidu thod gian chim, phwong trinh d8ng lue ¢é6 dang (1.1) v phifm him cé
dang (1.4), bing phwong phip twong tw, ching tanhin dwoe cde phwong trinh chinh tic Hamilton
sall:

z(t) = fz(t), z(t — a1), .. ., 2(t — am), w(t), uft — A1), u(t—ﬁ;)) | (2.12)
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SH ()

PT iy . _
Pt} =~ 2as) ty—m <tsty (2.13)
(t)— BH{ ) mik aH(T] ot ompio e <E <ty apeg
Hz(t) — dz{r — o) etia ' o (k=1,2,...,m—1)
wrm___BHﬁ) ii 3H (r)  0<tet —a
T az(t) T L z(r — o) oSS T
=1 r=t-o; .
SH(t)
WIO; tp—f1 <t <ty (2.14)
H() , Z‘f 9H(r) T R R
au(t) 1 au(’rlﬁf) —t+ﬁ: ' (k: 1,2,1..',5—'1)

aH()+i AH(r)

dult) 8u('r — ,83) s

= 0; 0St<tf—,68

T(.tf):gmlt:'tf ] Eb(tf—a;k}:%b(tfﬁa:); r=1,...,m {2'15)

Nhu viy, (2.12) 13 phwong trinh ddng hre cda hé, (2.13) 12 c4c phuong trinh Hén hop, mdi
phwong trinh nghidm trong mdt kholng thii gian nhit dinh; {(2.14) 13 nhing digu kidn cue tri cda
ham Hamilton; cdn (2.15} 14 nhimg ditu kién cudi va ditu kién lign tuc gifta cde khodng cda ¢{2).

Chiing ta ¢ thé dung nhimg phwong phip s8 dé gidl cde phwong trinh néi trén.

3. PHUONG PHAP GRADIENT LIEN HQP

Gid thigt tidu chudn t8i wa dwge cho dwéi dang (1.4); phwong trinh déng lwe dwdi dang (1.1)
véi didu kign d3u {1.2). ,

Chiing ta 1ip ham Hamilton dwéi dang (2.4). Cdc phwong trinh lign hop dwge thidt 1p dwéi
dang (2.13) véi didu kign (2.15). Didu kidn cwe tri dwoc viét dudi dang (2.14).
© Bau diy l& thuit todn cia phwong phip gradient lién hop A€ gidi bii todn ndi trén.

1. Tée dodn dieu khién ban d3u u(t) ;2 - chi &3 13p.

2. Gili hé phwong ¥rinh vi phin chira thoi gian chim (1.1) v&i didu kién diu (1.2) e ¢ =0
dén t = t;. Nhan dwee z:(t). Bit vio bd nhé u:(t) va z:(2).

4. Tinh phi€m ham (1.4) 481 véi u;(t) va z;(t) 42 bigt, nhin dwoc J{u;).

4. Giil ngwoc hé phwong trinh Lign hop (2.13) tir t = £, d€n t = 0 trong cic kholdng twong
wng va digu kién (2.18), déng thoi tinh gradient cda ham Hamilton khi u(t) = u,(z).

BH()
vty — <t <
au() 3 S ﬁlJt—tf
..'!2: ) tf'—,@s—f-l—k(t{tf#ﬁa_k
-l B SR I CEE SRt
. = 5
SH() < 'aH(f)
] N ; <€t <t -4,
Suft) :lau(r——ﬁj) , s=F
r=t+48;
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5. Xdc dinh huwdng tini:
sit) = —g ('5).*‘ wi—1 - 8i—1(f)

& day:

u=ug
6. X4c dinh didu khidn méi:
wigi(t) = wift) + Ai - si(t)
O diy théng s6 ); dwoc tim bing phwong phdp cwe tri mét hwéng:
J(us + Ags;) = min J{u; + As;)
AZ0 K
Ciac buéc 2, 3,4, 5, 6 dugce 13p lai cho t61 khi dat dwoce 4§ chinh xdc chon truée.

Néu @it w; == 0 thi phwong phip gradient litn hop chuyén thinh phwong phip d5 déc 1én
nhit. :

4. AP DUNG | x | o

Xé&t hé dong Tue:

Ea(t) =zst) 4y

—bazglt — o) —crzi{t — az) + ¢ruft — f) + caz{t — F)

Trong d6: ay, by, ¢; 14 cde hing s8, cdn z(t) 1d him cho truéde.
Phiém ham cb dang:

. t, ' _
_ ! (A )? 2
b = . _
Az =z{t) — 25 1=1,...,4
Auv = uft) - u,

p; va n 13 cdc trong s5. o
& diy: T;; vi u, 13 nhitng gia tri d3u cda cdc trang thai vi digu khién.
o )Eéy-_d{@g_q_l}_é,xngamﬂton & dang:

TR0 ET NL
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H=fo+97 - f (4.3)

7 1a v€ phii cda (4.1), fo 13 him trong diu tich phin cda (4.2}, cdn 97 = [41,...,%4] 13 cdc bidn
lién hop. Phwong trinh vi phin d6i véi cdc bi€n 1ién hep.
B Trong khodng [: ¢y —a; <t <ty

'gi*i(t) = mzig; ;o= 1:'.“:4 (4'4)

- Trong khodng 1I: #; — g <t <& — oy

, AH () aH(r) .
- . S oi=1,....4
(1) az;(t) Ozt — o)) rmttay 1t 1o (4.5)
- Trong khodng 1I: 0 < ¢ < ¢; — ay
. 8H(ty  ~ oH(r) . 8H(r) P14 (4.6)

6::; (t - ag) T=t+ag

bilt) = C8a,(t) Bmi(r —aq)

r=t+0o;

Gradient cida ham Hamilton dwge x4c dinh theo (2.14) va trong khodng nhuw trén.
Ding phwong phidp md ti trong doan III, 48] v&i trdmg hop oy = 20 phit; ap = 17 phig;
f = a1 + ag = 37 phit dwoe két qui bidu didn trén hinh I vi hinh 2.
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Hinh 1
Chuong trinh mdy tinh cling dwgc thi nghiém cho vi du trong [5]. o) diy chl cé mét thoi
glan chim trong bi€n trang thii vi tdc gik gidi bing phwong phap nhing. Hai két qui I3 tring
nhau.

KET LUAN

Da thiés 13p dwoc cde phwrong trinh chinh tic Hamilton d8i véi hé cé nhidu thi gian chim.
D3 ding phwong phip gradient lién hop vi xiy dung mdt chrong trinh may tinh &8 gidi quy&t
bai todn dit ra. - '
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SUMMARY
OPTIMAL CONTROL OF SYSTEMS WITH TIME DELAYS

Hamilton's canonical equations and an algorithm of the conjugate gradient method are devel—
oped for systems with time delays. The results are applied to one concrete system.
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