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1. MUC TIEU NGHIEN CUU

Trong bai bao nay tdi sé trinh bay mét phwong
phap xap xi théng qua ky thuat phéan tich tryc
giao dé giai bai toan diéu khién t6i wu doi voi
phuong trinh truyén tai khuéch tan.

2. PHUONG PHAP NGHIEN CUU

Duva vao phan tich truc giao dé xét méi quan
hé gita nghiém va moét xap xi quy hoach dong
ddi voi phuong trinh Hamilton-Jacobi.

3. KET QUA

a) Phuvong phap phan tich truc giao cho
phuwong trinh dao ham riéng tién hoéa.

Xét ma tran Y e; ™" vOi rankd <min {m,n}
Goi y; la cot thu’ii clamatran Y .Ta sé tim co s¢
trwc chuan {Wi}L_LAvc’yi 1 <n sao cho cuc tiéu cla
phiém ham sau la ton tai

n 1
]('//1’-~-"//1):z )’j_z<)’j"//i>‘//i (1)
j=1 i=1

Nghiém clia bai toan cuc ti€u hoa nay dwoc
xac dinh nhu trong dinh ly sau.

Binh1y1.[2] Cho Y =[y,...y,]ei ™" lamot

ma tran v6i rankd <min{m,n}. Hon nia, goi

2

Y =%V 1a phan hoach gia tri ky di ctia Y, vGi
‘P:[l//l,...,l//m]e; . V:[vl,...,vn]ei el Pl
cac ma tran tryc giao va e ™" la ma tran
duong chéo, X = diag{ay,...,0,,}. Khi d6, v6i moi
1 €{l,....d}, nghiémcuia bai toan (1) dwoc xac dinh
b&i cac véc toky ditrai {y/}LLI ticlal cot bandau
cua ¥ .

Chuang ta goi cac véc to {z//}|;:1 la co s& phan

tich truc giao voi hang la 1. Khi tim dugc co s¢
phan tich tryc giao véi hang la 1 ching ta sé
nhan dugc mot bai toan véi s6 chiéu nhé hon
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nhiéu so v&i ban dau vi thuc té 1 cd thé chon
rat bé.
Xeét hé phuong trinh vi phan

{ﬂs)=Ay(s)+f(s,y(s)), s€(0.7] 2
y(0) =y,
Vi ygei ™ Ae; ™" va £:0T]x; " > " 1A

ham lién tuc va Lipschitz dia phuvong. Trudc hét
ta xay dwng mot phan hoach thoi gian
0<t <..<ty =T va gid st ta dd biét nghiém
cla (2) tai thoi diém ¢;, j=1,...,N, va goi do la
anh ctia nghiém tai céc thoi diém c6 dinh doé. Khi
ta c6 day anh, theo Binh ly 1 ta cd thé tinh toan

1
co s& phan tich truc giao {(,yj}|‘ . Gia sir tim
]:
dwoc nghiém du¢i dang
1 L 1 L 1
MAOEDRHOIEDY <y )y >w,-,s e[0,T]
= j

=1
Thay vao (2) ta dwgc hé dong lwc rat gon

1 1

> RsW; =2y DAY, +f(5,y (5),5€(0.T]
j=1 j=1

| (3)
gy}(o)t//j =Y.

J=

trong (3) chi chita 1 cac ham hé s6
yi(s),j=1..1,1 <m nén bai toan nay c6 s6
chiéu thap hon bai toan ban dau va ta co thé viét
B(s)= Ay (9)+ Fls,y' ()

¥ (0) =y,

trong d6 A' e ™ voi (Al) :<Ay/l.,1//j>,

i

gon duéi dang {

1
D1

1=M

y

0.1]—> !
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b

F=(Foo K ) :[0.T]x; " >

ol

v6i s e[0,T],y =Y,y )ei ', bidu dién cla

Yo trong b y(l) :(<y0,‘//1>;---<y0"//1 >)T € l

Ta sé& tim gia tri thap nhat c6 thé cla 1 ma
van gilt duoc tit ca nhitng tinh chat ctia hé dong
lwc ban dau. Mot lva chon tot cho chi s6 nay la:

1 d
el)=>0;, /2.0 (4)
i=1 =1

& day o; la cac gia tri ky di dat dugc béi phan
hoach gia tri ky di. Chis6 £(1)cang gan 1 thi xap
xi dat dwoc sé cang t6t. Diéu nay coé lién quan
chat ché tdi sai s6 chat cutsinh ra tir phép chiéu
y; trén khdng gian dvgc tao bdi co s& trec chuan

1
5 2V V

Jj=

v}, cuthé

1 2

}’j_z<ijl//i>‘//i

i=1

n

W1t ) =3,

J=1

b) Bai toan diéu khién t6i wu

Chdng ta sé xét cach ti€p can nay déi voi bai
toan diéu khién hiru han

{)&w = f(s),u(s),s), se(t.T]
y)=xej"
véi y:[t,T]—); " la an ham, u:[t,T]—n 13

didukhién, f:; "x; " = ", se(t,T] ky hiéu

()

b

C ={u:[0.T] > U}
la tap diéu khién chap nhan duoc véi U e ™ va
la tAp compact. Gia st rang, ton tai duy nhat mot
guy dao nghiém cha (3) v6i diéu kién cac diéu
khién la do dwoc (xem [1]). DGi v6i bai toan diéu
khién tdi wu hitu han, ham gia sé dwoc xac
dinh bai

T
min /() = [ L(y(s.1).u(s). s)e”"*ds+ g(x(T)) ~ (6)

trongdé L:; "x; " —; lachiphivanhanhva
A >01a thanh phan chiét khau. Muc dich la tim
mot quy luat diéu khién trang thai nguoc
u(t) =d(y(¢),r) theo cac ham trang thai y(r), &
day @ la anh xa phan xa. Truéc hét dat

V(e 0=inf g (). (7)

Khi dé ta co:
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Ménh dé 1. V6i moi xe; " va 0<r<¢ ta

lubn cé:
T
v(x,t) = meiél {J. L(y(s),u(s), s)e Fds+ v(y,t— r)} (8)

Tl (7) ta suy ra v théa man phuong trinh
Hamilton-Jacobi-Bellman (HJB):

ov .
_a_[(y’t): f;llcn{L()%u,f)"'VV(y,f)'f(y,u,f)}~ (9)

bay la phuong trinh BHR phi tuyén cdp mot va
ta thuong giai s6 bang phuong phap phan ti hiru
han hoac ky thuat tua Lagrange‘(xem [3]). TruwGce
hét ching ta roi rac héa (HJB) bang cach roi rac
bai toan diéu khién va sau dé chiéu so do nira roi
rac trén mot lwdi va nhan duoc

e =rbgicn[AtL(xi, ) +1[ V'] + A 1,0 |

i =8),
VOi x; =iAx, t, =nAt,v; =v(x;,t,) va I[] la toan
tlr ndi suy dwoc st dung dé tinh gia tri ctia v" tai
diém x; + AtF(x;,t,,u) (nhin chung diém nay
khong phai la nut lwdi) (xem [4]). D€ nhan duoc
gia tri ctia v"*' chlng ta can can giai bai toan cyc
tiéu. Xét bai toan

C00), +a06.0)= (BUO.0),., oV (o

W)=y, €H,
¢ day B:U —» V' la toan t& tuyén tinh lién tuc.
Gia thit v6i méi ueC ,, va y, e H sé ton tai
duy nhat nghiém y cta (10); V va H la hai
khong gian Hilbert, a:VxV — la song tuyén
tinh doéi xtng. Khi dé phiém ham gia cta bai
toan la

T
30010 = [ L(y(s), u(s),5)e **ds + g(y(T),

Bai toan diéu
(11)

trong d6 L:VxUx[0,T]—>; .

khién toi vu bay gio la: ném S0 ()
uel 4,4

v@i rang budc:y e W, .(0,T;V)xC thda man (11),

0 day W,.(0,T)=1 W(,T)vaw(0,T) lakhbng
>0
gian Sobolev:

W(0,T)= {¢> e2(0,T;V).,p, e LZ(O,T;V‘)}.

Dé tinh nghiém phan tich tryc giao doi voi

(11), ta xét y' (x,s) = 12 @, (s)y; (x),
i=1

(12)
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xac dinh nhu & trén. Xét cac ma tran
M=(my)ei ™ voi my=(y;.v), |
S=((s;Nei ™ (v v ),
va anh xa diéu khién b:U — ' dwoc xac dinh
bdi:
u—> b(u)=(bu);) € | ' VoI b(u), = (Buy,),, .
Cac hé sb cla dieu kién ban dau y' (0)e; '
dugc cho bdi ,(0) = (), = (g ¥ ),-1<i<1,va

VOl Sij =a

nghiém clia bai toan hé dong luc rat gon ky hiéu

la w'(s)e; ' Khi dé xap xi Galerkin xac dinh béi

min J;(lyl(u) (13)

voi ueC ,, va @ la nghiém clia bai toan sau:
& (s) = F(@' (5),u(s),s),s >0,

{a)l 0)= .

Phiém ham gia cho béi

(14)

T
I @)= [ L@ (9),u(s),90¢ " ds+g(@ (T)),
a)o,t 0

'va y' xac dinh nhu trong (12), 4nh xa

1

& day o
phituyén F:; 'xU — ; ! xac dinh boi

F(@" u,s) =M (=S (s)+ bu(s)).
V6i trang thai ban dau o, < ' ta c6 ham gié tri

v(wy,0)= inf J', (u), trong khi o' la nghiém
ueC qq -t
clia (14) véi digukhién u va diéu kién ban dau «, .

n

Cac phuvong trinh HIB dugc xac dinh trong
nhung chdng ta can han ché mién tinh toan y,
chi la mot tap con bichan clia ; " .Diéu nay duoc
dam bao vi y+AtF(y,u)e y, v6i mbi yey, va
ueC . Ta thé chon
¥y =la;,b1x[a,,b,]1xL x[a,,b,]
VOi a, >2a,>2L >aq,;. Cac doan [a,b,] s& dugc
chon sao cho hé dong lvc chira tat cé\céc thanh
phan cla quy dao diéu khién. Gia st rang da roi
rac khong gian digu khién U ={u,,...,uy, } ,v6i U
doi xing. Khi do
I I
Y )= (¥, W, = o)y, Vi cac hé sb
i=l i=1

®;(s) € [a;,b;]. Xét quy dao nghiém y(s,u;) sao

co
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t;,j=1..,M .Khidotaco
1 .

y! (S,uj):z<y(s,uj),y/i>y/i, Cac hé so a)l(J)(s)
i=1

s& thudc cac khoang dang [w!”, w1, trong do
voii=1,..,1 tasé chon a;,b; nhu sau:
a; Emin{v_vgl),...,v_vl(-M)},bi = min{\Tvl(-l),...,lel(-M)}.

¢) Xap xi phan tich truc giao ]

Chon thamso6 ¢(1) dé kiém tra tinh dling dan
cla xap xi phan tich tric giao va dinh nghia mét
ngudng. Trudc hét bang cach tinh toan phan tich
gia tri ky di cha ma tran Y sé cho ta thong tin vé
hé dong luc trén toan bo thoi gian. Kiém tra tinh
dang dan tai cac thoi diém ¢,,i=1,...,N, néu tai
t, chi sd vwgt qua mirc dd cho phép ta sé dat
T, =1, va chia khodng da cho thanh 2 phan
[0,7;) va (T;,T].Bay gio xét cac anh lién quan toi
nghiém tuy thudc vao thoi diém T,.Sau do lap lai
y twdng nay cho dén khi chi s6 nam dudi gia tri
ngudng. Llc nay khodng th* nhat da tim duorc,
va chdng ta lai khé&i dong lai qua trinh trong
khoang [T;,T] va sé dirng khi dat t¢i thoi diém
cudbi T.

4. KET LUAN

Vi ky thuat phan tich tryc giao thich hop, ta
dat dugc cac xap xi véi do chinh xac cao ma chi
can mot s6 lwvgng nho cac ham cé sé trong phan
tich tryc giao.
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