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. D3t vén aé:

Théi gian tinh & day - k¢ hicu bing A - chi khodng théi gian cAn thiét dé do cde dai lrgng
quan sat, bién déi ra tin hiéu 86, tinh dai lwong dicu khién, chuyén thanh tin hidu twong ty téhe
déng déi tweng didu khiéh, Cho dén nay, trong phin tich v téng hep hé thong dicu khién s& ta
b qua thei gian tinh A, dya vho gid thiét A rdt nhd so véi chu ky ¢t mau T. Ta ¢b thé gidm
thai gian tinh, vi du biing chch st dung thém b vi st 1y chuyén dé do va sit 1y 86 ligu, dp dung
cic thuéit todn dam bdo théi gian thye ... . Song, la cin thiét xét téi Anh hudng cla A, nhét 1a
trong cde hé thong bien doi nhanh ¢é T at nhd, Van dé nay duwge dijt ra tir 1au va gan day da cb
mot 86 cong trinh dat dwge mot 86 két qua cé ¥ nghia, nhv [1], [2] ... . Bai nay gép phan phén
tich dnh hudng cia thoi gian tinh trong hé théng diéu khiéh 6 va trinh bay mét cach gidi bai
todn diéu chinh t6i wu theo chudn binh phwong eye tiéu,

Il. Phirang trinh hé théng

X&t hé théng tuyén tinh dirng

e(t) = Az(t)+ Bu(l); x € R*, vue R", (1)

y(t) Cz(l); y€ R™. (2)

Bai todn dit ra 1o tim diéu kkien 8i vu u(kT) dé dwa hé théng tir trang théi ban ddu z(0) trd
lai gdc toa d6 sao cho téi thidu héa haim myc tiéu

1= [T 000 + RO, 3
0
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(D&u " ' * 1& ky hiéu chuyén vj)
Trong dé

u(t) = u(kT)..kT+A <t < (k4 )T+ A, (4)

Chq trudmg hgp If tudng héa: A = 0, diéu khién u(t) ¢é bién thién nhw hinh 1.

Hinh 1

+Hé vi phén tuyén tinh véi cée hé 83 h¥ng (1) c6 nghiém

\

z(t) = eAl=10)p(tg) + le“("")Brbe(*r)d'r. (6)

to

Cho to = kT, t = (k + 1)T, vé&i diéu khién khéng thay d8i trong suit chu ky cit mau, ta cé
phuong trinh trang théi ré&i rac quen biét

e((k+ 1)T) = F(T)x(kT) + G(T)u(kT) (6)
Trong dé

P = e )

G(r) = /Dr eBdv = A~ (e - 1)B ~(8)
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Phwong trinh ddu ra roi rac 14
y(hT) = Cue(kT)

Theo (5) ta ¢é thé bieu dién trang théi x(kT-s), cho0< & < T k=0 1w
§
a(kT +8) = eMz(kT) + / e Bu(v)dv
0
Ta viét him muyc tiéu (3) duéi dang
o T T
=3 / 2/ (KT + 8)Qe (kT + s)ds + / o' (KT) Ru(kT)ds
k=00 0
Dé dang nhén thay
T
f u'(RTYRu(kT)ds = o' (kKT)RTu(kT)
0
Tiép theo, thay (10) vio (11) ta tinh duge

iz’(k'f‘)Qm kKT + 22" (kT)Su(kT) + o' (kT) Ru(kT)

k=0
Hoile
z(kT) ! Q S 2(kT)
= Ym0 o
u(kT) ' SR u(kT)
Trong dé

T
a =/ eAthmds‘
0
. T ¢ ]
S = f A ‘Q(/ e’ dv)Bds
0 0

R = RI'+ B[ /;T(jo. e“"dv)Q(/: eV dv)ds) B

(9)

(10)

(11)

(12)

(13)

(14).

(15)

(16)

(17)

Ta thiy: J trong (3) c6 dang binh phuwong théng thudmg, nhung trong (13) c6 thém thanh phén
chéo 2:’(kT)$14(kT). Tuy nhién trong nhiéu trudmg hop, d€ don gidn ngudi ta chi xét ham myc

tiéu don gidn cé dang

p = im'(kT)le(kT)+u"(kT)Rm(kT‘)
k=0

(18)

Béi 18 tir 1&i gidi bhi todn véi hAm muye tiéu (18) ta luén suy ra duge loi gidi cho bai todn véi ham

myc tiéu (13).
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Hinh 2
Diéu khién u(t) trong thye té dwge biéu dién trén hinh 2

Trong mdi chu k¥ cdt mau u(t) khéng con la héng 86 nira, ma thay doi bude nhdy & thoi diem
(kT+A). D& tinh tich phan trong (5), cho kT+ A < t < (k+1)T, ta thém vao va bét di u((k-1)T)
(che dudmg ch&m trén hinh vé) d

(k+1)T
2((k+ DT = e”Ta:(kT)+/

kT +A
AT D) Bu((k - )T)dr + f A+ T=1) BOdr
T kT
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(k4 1)T -
+ f eAGHDT =1 BL_y((k = 1)T) + u(kT)]dr
kT4 A

Phuong trinh trang théi réd rac cla hé thong 1a

a((k+1)T) = F(D)a(kT) +(G(T) = G(T = A)u((k = )T) + G(T = Au(kT)  (19)

Trong 46 F(T), G(T), G(T- A) duge tinh theo (7), (8). D& dwa vé dang chuén, ta bién déi nhw
8aU

x((k+1)T) | F(T), G(T)-G(T-A) ] [x(kT) [G(T-&)
- | u(kT)  (20)
u(KT) 0 ol| u(k-1)T) L I,
Hode: '
((k + D)T) = Ma(kT) + Hu(kT) ' (21)
Trong dé x(kT) goi 14 cée to trang thai md rong
x(kT)
x(kT)= (22)
u((k-1)T)

Céc ma tran hé théng mé rong

. [f-‘(g)) (T ~ ) ]

; (23)
H i [G(TI: A)]

Phuong trinh dau roi rac 8 1a

y(kT) = [C, O)=(kT) (24)
Ta thily: thoi gian tinh ham bién dang mé hinh rdi rac el h¢ thdng. Tuy véin cé thé dwa vé dang
chuéin, nhung phdi xét h¢ (n + r) chiéu, trong khi hé 1y tudmg héa chi ¢ n chiéu. Tir céc tinh
chét, nhw tinh diéu khién duge, quan st duge... cud (6), (9) khéng thé suy dién truc tiép cho hé
(21), (24). ‘ |
HAm myc tiéu (3) cé thé viét dudi dang

J=lJa+J (26)

Trong d6; thanh phén tinh trén khodng (0,A) :

A ]
Th fo (&' (1)Q2(t) + v'(0) Ru(0))dt (26)
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2(0)| ' |@a Sa |[=(0)

u(0) S, Ry u(0),

17

Céc ma tran Qa, Sa, Ra duge tinh theo céng thie twong ty (15), (16), (17) nhung véi tich

phén tir 0 dén A. Thanh phan tinh trén khodng (A,oc0) ¢d thé bidu dién
Z f KT + A+ B)Qe(kT + A + h)dh + f o (KT) Ru(KT)dh

Tir (5) ta cé
h
(kT + A+ h) = e (kT + A) + / eAY Bu(v)dv
0

Thay vao (27) ta tinh dwge

(=5}
[ = 52! (kT + A)Qa (KT + A) + 22" (KT + A)Su(kT) + u '(kT) Ru(kT)
k=0
Hoiic
20T+ A @ Sl e(kT + A)
= Zf:o

u(kT)| [8' R||u(kT)
Biéu didn 2(kT + A) theo 2(kT'), u(kT) & thei diéin cAt méu:

2(AT + A) = F(A)x(kT) + G(A)u(kT)

Sau khi bién déi ta dwge

2060 F(A), Q10 $IFA), GA), 0 [e(kT)
J= YR, ((k-10T) ||6'(A), 0 ly Rr 0, 0, L{|u((k=-1)T)
u(kT) |0, ['J u(kT)
Hobe L
(k7)) @ B||z(kT)
J & E?;o
u(kT) _3' R{|u(kT)
Trong dé )
F'(A), 0 F(A, G(A)
Q = Q
G'(A), 0 0, 0
and '

= [F(A), G(A)'S; R= R

Ta thiy thanh phdn J cé dang chuén cud ham myc tidu binh phuong.

(27)

(28)

(29)

(30)

(31)

(32)

(33)
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3. Céch giai bai todn Giai bai todn t8i wu hé théng (21) véi ham myc tiéu (25) gép khé khiin la: J
khong con 14 dang chuin do ¢4 thém thanh phin Ja. Ta cé thé gidi gin ding béng cdch bd qua
Ja v 18y J & J, véi gid thict Ja << J. Song tinh todn van phic tap, do véc Lo trang thai mé
réng z(kT') c6 88 chidu tAng lén, nhit 1& trong h¢ nhiéu chiéu.

Loi gidi chinh xdc, don gidn dya vho nhin xét sau: theo nguyén 1y téi wu Bellman, néu u*(k)
Ia didu khidh t3i wu cho £ € (0, 00) thi ciing 1 t8i wu cho.t € (0,00) vk bdi vi cho t € (0,4) didu
khién u(t) = u(0) nhw cho t € (A, T+ A), nén ta di dén gidi bai todn tuwong duong: tim diéu
khién t8i wu cho hé théng (1) véi ham myc tiéu J cho { € (A,00)..

R&i rac héa phirong trinh trang théi (1) véi thai gian b&L ddu A, chu ky cdt miu 7' ta duge
2((k + )T + A) = F(T)a(kT + A) + G(T)u(kT). (34)
Bai todn didu chinh t8i wu hé' théng (34) voi ham muye tiéu (28) 6 1oi gidi
u(k?) = =Kz(kT + A). (35)
Trong 46
K = (G'(T)PG(T) + R)~(G'(T)PF(T) + 5) (36)
P 1a nghiém xdc dinh riéng cud phuong trinh Riccati
P = F(TYPF(T) + @ — (F(T)PG(T) + $(G'(T)PG(T) + R)~'(G'(T)PF(T) + 8" (37)
Thay z(kT' + A) theo (30) vao (35) ta nhan dwge két qud
u(kT) = =R F(A)z(kT) = KG(A)u((k — 1)T). (38)
Hole
u(kT) = ~[K F(A), KG(A))2(kT). (39)

Cho A =0, ta ¢ F(A) = I, G(A) = 0, diéu khién i wu dang (38) trdr vé dang quen biét.

By gi¥ ta tinh gid trf t8i thidu cud ham muyc tiéu
J' = Ja+ /", (40)
J* 1a thanh phén tinh cho khodng t € (A, c0)
7 =#/(B)Pu(A). (@)
Trong d6

2(A) = F(A)2(0) + G(A)u(0), (42)
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Ja 1& thanh phén tinh theo khodng t € (0, A), d& dwgce xét & trén. Thay (26), (41), (42) vao (40),
sau khi bién déi ta duge
z(0) | z(0)
I = N(A) (43)
u(0) u(0)
Trong dé )
Qa Sa| | F(B)
Nay= | PIFALG@)]  (44)
Sa Ral | G'(A)
D2 dang nhin thay: khi A =0, thi Qa =0, Sa =0, Ra =0, F(A) = I, G(A) =0, ta ¢6 cdng
thire d& biét

Top = 2'(0)P2(0). | (45)
Luu § t6i cde ma tran trong, ta thay: diéu kién di d€ didu khien (35) téi wu la
Q 8
>0, R>0 (46)
SR

Cho cée h¢ théng didu khién 88, ngudi thict ké cdn chon trye tiép @, S, R ¢ hé thong dt duge
tinh ch&t dong hoc mong muén. Viée xét cdc ma trin Q, R va tinh todn gidn tiép theo (15), (18),
(17) 1a khéng can thiét.

4. Chon céc ma trén trong

Mét trong nhirng khé khin khi dp dung chudn binh phwong cye tiéu 1 vige chon cdc ma tran
trong. Mét 88 phuwrong phép chon ¢d dién dd dwge néu trong (3] Hign nay vén dé c&u tric nghidm
cho bai todn tai wu ndi chung Ia viée chon cde ma tran trong dé cdc phuong trinh d¥c trung hé kin
¢ cde nghiém xédc dinh néi riéng, ddm bdo hé théng ¢6 tinh déng hoc yéu cau dang duge quan
tam [4], [5], ...

( diy khéng thé gidi bai todn phén b nghiém tryc Liép theo mé hinh hé théng (21), bdi vi
ham muyc tiéu (25) khéng cé dang chudn. Biét réng thanh phan z(kT) cud z(kT) trong (21) v&
2(kT + A) trong (34) déu l1a trang théi ri rac héa tir trang théi lién tyc z(t), chi khdc nhau thai
di€m ban d&u. Nén suy ra: trong n + r nghiém cud phwong trinh d¥c trung hé hin (21), (38) cé
n 1a nghiém cud phwong trinh d&c trung hé kin (34), (35) va r nghiém cdn lai béing 0. Suy dién
trén phtt hop véi két luén da dwge chimg minh bng tinh todn trong [1]. Nhw vay di dén gidi bai
todn twong dwong: didu chinh ti wu hé théng (34) véi ham muc tiéu (28) va ciu tric nghigm
cho trude. Vi dy trong [5] cde ma trén trong Q, 8, R dwge chon dé hé théng t8i wu ¢6 dé dy trir
8 dinh cho trude hole dwdmg qud dd y;(t) ¢6 hé 88 tdt ddn mong mudn,

5. K&t lugn Thoi gian tinh A 1am bién dang md hinh r&i rac cud hé théng. N6 téc déng nhu trd
diéu khign. Phuong trinh trang théi (20) 13 co s& cho nghién ciru dnh hudng cud A dén tinh chét
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déng hoc cud hé théng. Ham myc tiéu (25) khéng con dang chudn nita. Tuy nhién, ta vén tim
dwge 161 gidi chinh xde, tinh todn khé don gidn bing céch chuyén vé gidi bai todn t8i wu twong
dwong. Tinh twong duong cud bai todn (21), (25) véi bai todn (34), (28), bAng mét phuwong phdp
khdc d& duge chimg minh trong [1).
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Abstract
Quadratic optimal digital control systems under the influence of computation time

This paper analyses the influence of computation time in digital control systems and presents a
method for designing a quadratic optimal regulator. A solution of the equivalent optimal control
problem is proposed. The selection of weighting matrices is also discussed.



