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XAY DUNG THUAT TOAN’THI'CH NGHI THEO MO HINH MAU
TRONG VONG DIEU KHIEN TEN LUA TU XA

AN ALGORITHM OF REFERENCE MODEL ADAPTIVE CONTROL FOR MISSILE REMOTE CONTROL LOOP

TOM TAT

Bai bdo trinh bay cac két qua nghién ctu, phan tich, canh thirc xay dung
thuét toan thich nghi theo md hinh mau trong vong diu khién tén I tr xa.
Luat diéu khién thich nghi theo m6 hinh mau &p dung Iy thuyét on dinh
Lyapunov c6 dang don gian, bén vitng va hi tu nhanh. C4c két qua mo phdng da
cho thdy nhiing wu diém khi st dung thuat toan. Day la nhiing luén ¢t quan
trong dé phuc vu viéc nghién ciiu, cai tién, tong hop vong diéu khién tir xa thiét
bi bay.

Tlrkhoa: Tén Iiva, diu khién, thich nghi, md hinh mAu.

ABSTRACT

The paper presents the results of research, analysis and construction of
adaptive algorithms based on reference model within the missile remote control
loop. Law on adaptive control obtained by applying stability theory Lyapunov
has a simple, sustainable form and rapid convergence. The simulation results
showed the advantages when using the algorithm. These are important
arguments for research, improvement, and synthesis of remate control devices.
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1. MO PAU

Hé thdng diéu khién thich nghi theo md hinh mau la
mot trong nhitng huwdng ti€p can chinh doi voi diéu khién
thich nghi. B&c tinh mong muén clia hé théng dwoc dién ta
béi md hinh mau. Mé hinh mau miéu ta cac tinh chat vao ra
nhy mong muén clia hé théng kin [1]. Khi dap tng dau ra
clia d6i twong diéu khién sai khac so véi dau ra mong doi
do md hinh mau tao ra, thi déi twong diéu khién s& dwoc
chinh dinh bang cach thay déi cac tham s6 clia bd diéu
khién hodc bang cach tao ra thém tin hiéu nham loai bo s
thay d6i do dua trén sai s6 gitra dau ra ctia mé hinh mau va
dau ra cia hé thong.

Nguyén Van Bang'", Doan Thé Tuan’,
Nguyén Quang Hung?, Vi Hiru Thich®

Ban chat cula viéc &p dung hé théng diéu khién thich
nghi theo md hinh mau 1a thiét k& bd diéu khién sao cho hé
thong dat dwoc nhitng dac tinh mong mudn dugc dua ra
b&i mdt md hinh toan (mé hinh mau) [2, 4]. Khi d&c tinh cla
hé thong thuc khéc so voi déc tinh ly twdng ctia md hinh
mau, hé théng duoc thay d6i bang cach diéu chinh cac
thong so clia bo diéu khién hoac tao thém tin hiéu phu.

Tén Ira trong vong diéu khién tén Ira tir xa la khau dong
hoc c6 tham so thay doi. Sy thay déi gia toc phap tuyén clia
tén Ira phu thudc vao géc léch canh lai trong ranh gat dugc

\"
Ke —

N a b La v
mo ta bai ham so6 truyén: K. (s) = TS 126, T 501
do: Ky, 1a hé s6 truyén clia tén Itra, V la van téc cta tén Iiva, &,
la hé s6 suy gidm dao dong riéng clia tén Iira, hang s6 thoi
gian T;, va hadng s6 thoi gian khi dong T, phu thudc vao st
b6 tri khi dong clia tén Itra, vao cac dac trung hinh hoc va khi
déng hoc clia cac phan tir clia tén Ira va chiing thay doi theo
diéu kién bay (d6 cao bay, van t6c bay). bac biét hé s6 V/T,
thay d6i rat nhiéu phu thudc vao ap suat déng va lam cho hé
s0 khuéch dai clia hé théng diéu khién cling thay déi trong
mét gi¢i han rong.

Vi vay khi tong hop luat diéu khién tén Ira tir xa can
phai xét day du tinh chat dong lwc hoc cla tén Itra va sy
thay doi cac tham s6 K, , T, ,&; cla ban than tén Ita. Do
do, trong pham vi bai bdo nay, céc tac gia trinh bay céach
thirc xay dung luat diéu khién thich nghi tén Ilra trong vong
digu khién tén Ira tir xa theo md hinh mau, voi gia thiét
ham s6 truyén cla tén Itra la khau dao dong bac 2, tén Iira
da c6 hé théng 6n dinh trén khoang, hé 1ap 1énh sir dung
phuong phép tao Iénh theo phuong phéap dan 3 diém. Tén
Ira c6 cac hé s6 K., T, ,&,, lathay doi.

2. THIET KE HE THONG BIEU KHIEN THICH NGHI THEO
MO HINH MAU TREN CO SO’ BO BIEU KHIEN PD

C4u tric dwge mo ta trong hinh 1 ¢é thé duogc st dung
nhuw mot hé théng diéu khién PD thich nghi [1, 2]. M6t d6i
twong diéu khién c6 mo hinh toan la khau bac hai dwoc
diéu khién véi su trg giip ctia mot bé diéu khién PD. Cac
tham s6 clia bo diéu khién nay la K, va K. Céc tham s6 thay

trong
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dGi cua di tvong dieu khién (tén Ita) la a, va b, c6 thé
duoc bu trir bang cach thay d6i cac tham s6 K, va K,. Sau
day, ta s& tim luat diéu chinh cho K, va K, dua trén ly thuyét
on dinh Lyapunov [1, 3].

Budc 1: Xac dinh phwong trinh vi phancho e
M hinh mau ctia hé théng c6 phan hdi day dd c6 ham

truyén dat nhu sau:

Xm K
a, T’s*+2£Ts+1
1Y 1
K.|= )
O
- 2 241280 S+ @’
s* + 25.(;) S+ (;j S0 S + On

Hinh 1. C4u tric hé thong digu khién thich nghi theo md hinh mau véi bo

diéu khién PD

Phurong trinh trang thai clia d6i twong diéu khién:

{x’” T @)

x,,=-b, K, x, -(a,+b,.K,)x, +b, K, a,

Bi€u dién lai dudi dang cac bién trang thai:

o9 X, B 0 1 Xip

, ©)
+ [a, ]
e
Voiie=a,-x, —é=a,-x,=-x, 4)
%, =0 K &~ (a, +b, KX, (5)

Poi tugng diéu khién trong hinh 1 c6 thé mo ta dudi

dang duéi cac bién trang thai nhu sau; X, =A X, +B,u
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Trong dé:

€ 2|0 -1 2 H
x = ; ) — ; ) —
r x2p ! b[) 'Kp _(ap + bp 'Kd ) ! 0

Tuong t véi mo hinh mau:

—
=2
~

gm = ayz' - xlm - gm = ayc - xlm = _x2m

—
~
~

.2
Xom = Oy — Za(’om Xom

- X,=AX, +B.uU

Trong d6 T P I e
rong dé: x, = ; = ; =
g "X, " e -2, "o

Sai léch e dugc xac dinh theo (5) va (8):

—
(e}
-~

e=X, X, (9)
e=X,—X, =A X, +B u—AXx, —B.u (10)
= A, Xn —X,) + (A, —A)X, +(B, —B,)u
< €=A, e+AXx, +Bu
Véi:
A=A )= 0o -1 0 -1
S o 2w, | |bK, -@+hK,)
(11)
0 0
|:(wr2n - bp I(p) _Zé':wm +(ap +bp I(d ) :|
B=B B—O-'—-T— .
=B,-B,=| | &=ei ¢ =[e, o] 12)

€ =Xy, =Xy, € =Xy, - Xy,
Bwdc 2: Chon ham Lyapunov V(e) [3, 4]
V(e)=e'Pe+a'aa+b'pb

P la ma tran déi xting xac dinh duong tuy chon.

ava b la cac vector chira cac thanh phan khac 0 cla cac

ma tran A va B.

ava 3 la cac ma tran duwong chéo véi cac phan tir dwong

¢6 chirc nang xac dinh tdc do ctia qua trinh thich nghi.

V@i sy lwa chon P, a va B nhu trén thi V(e) la mét ham

xéc dinh duong.

Budc 3: Xac dinh céac diéu kién sao cho V(e) la m6t ham

xac dinh am

Pao ham clia V(e) cé dang:
V=¢é"Pe+e'Pé+2aca’ +2bpsb’
< V=(A,e+Ax, +Bu)'Pe+e’P(A e+AX, +Bu)
+2aca’ +2bsb’
< V=(A,©)'Pe+(Ax,)'Pe+[Bu) Pe+e'P(A €)+€e'P(AX, )
+e'PBU)+2aca +2bb"
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o V=(A,e)Pe+e'P(A e)

“ . (13)
+2e'P(Ax ) +2aca’ +2e'P(Bu)+2bsb’

&)

Pat A'P+PA_=-Q (14)
Phan (*) cCia V(e) duoc viét lai thanh:
e" (AP +PA )e=-e'Qe (15)

Theo dinh ly Malkin [1, 4], Q la ma tran x&c dinh dwong.
Diéu nay c6 nghia gia tri ctia phan (*) la luén am. Nhw vay, sw
on dinh clia hé théng sé dugc dam bao néu phan (**) co gia
tri 0, tic 1 e"PAx, +4aea’ =0 va e’PBu+bsb’ =0
o, O :|

Véi e'=[e, e,]; &=¢,; a= D =
ol [1 2] 1= |:az1 azz} o |:O a,

3 o 2 L]
le p22 aZl a22 XZp

Sau khi tinh toan, ta duoc:

. 1
4, =——(FP,.e,+Pye,)e (16)
1

. 1
Ay, =——(P,€,+P,.8,)X,, (17)
2

Tir cong thirc (11): a, =@ b, K, — &, =-b K, (18)

a, =20, +(a,+b,Ky) — &, =b K, (19)
Tl cOng thirc (16, 17, 18, 19) ta duoc:
1
Ky =——[ (P&, +P,8,)edt +K,(0) (20)
a,b,
-1
Ky = [P 4P, 8,) %, 0t +K,(0) (21)
b,
Budc4: TimPtlr ATP+PA_=-Q V6i Q= {q“ q”}
q21 q22
ATP+PA_=-Q
0 2 [P, P
<_)|: wm :|'|: , 12:|
-1 28w, ||Py Py (22)

+|:Pn P12:| |: 0 -1 }:_|:q11 q12:|

Py Py wnzq —28a, Qi O
|: (qi '(P21 + P12 ) (_Pu - 2§%P12 + a%zq 'P22 )}
(_Pu - 2§%P21 + a)i.Pzz ) (_Plz _P21 - 4§%P22 )

(23)
:{0&1 qﬂ}
q21 q22

—q Ohy + G0
- Pu= 20)121; 2 :% (24)

Dua trén cong thic (20, 21) thi thiét ké hé théng thich
nghi v&i bd diéu khién PD theo Iy thuyét 6n dinh Lyapunov
trén hinh 1 dwoc vé lai nhv hinh 2.

Mo hinh miu

Hinh 2. So d6 hé théng diéu khién thich nghi theo md hinh mau véi bd diéu
khién PD theo Iy thuyét 6n dinh Lyapunov
3. KET QUA MO PHONG VA BANH GIA

Viéc mé phdng, khao sat luat diéu khién thich nghi tén
Itra theo mé hinh mau duoc xem xét trong vong diéu khién
tén Ira tir xa [5].

Trong muc nay trinh bay cac két qua mé phoéng céac
phuong phap digu khién bang phan mém Matlab tir d6 dua
ra nhitng danh gia, nhan xét cho tirng tredng hop cu thé:

+ D€ khao sat PPD 3 diém ta chon bd tham s6 mo phdng

2 5
nhu sau: w, = 1, £ = 07, a, =15, b, = 102, Q:L 2]

L 5,1 10 thip, = 0,01, p,, = 0,07,
aZl a22

+ Muc tiéu c6 van toc V.= 350m/s, cu ly ngang pe, = 19km,
bay & dd cao H = 8,1km, thoi gian bat dau co dong t,, = 5s, thoi
gian két thic co dong to,4 = 8s, co dong 3g.

+Tén Ilra c6 van tbée V;, = 900m/s

Treong hop cac tham s6 cla tén Ira thay doi
&, =0,5,T, =0,06s,K, =0,8
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+[R(0) |- 0]

X,.(5)
R(2)

Hinh 3. So'd cAu trdc VK tlr xa voi hé thdng digu khién thich nghi 4. KET LUAN

. . . Luat diéu khién thich nghi theo mé hinh mau &p dung
QuetsiTenuatoiw || ly thuyét 6n dinh Lyapunov cé dang don gian, bén vitng va
héi tu nhanh. Cac két qua mé phéng chi ra rang bd diéu

khién PD thich nghi theo md hinh mau trong vong diéu

f \ i khién tén Ira tir xa cé chét lugng tdt hon khi so sanh voi

=0 A
g ° | Il\\ \ luat dan tén Ira t6i wu tai thoi diém cac tham s6 cla tén Iira
3 s \ (K, Tr, &) thay doi. Bay la co s dé nang cao do chinh xéc
§ 4 / \ tiéu diét muc tiéu, dap ng duoc trong diéu kién thuec té khi
& s \ céc diéu kién bay cta tén Iira thay doi.
2
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Hinh 5. D9 thi tin higu a,,, K,, K, tén Iira, md hinh mau

Nhan xét: Trong qua trinh bay cula tén Itra, cac tham so
dong hoc ctia ban than tén Iira thay déi, khi d6 luat dan toi
wu khéng dap rng dwoc. St dung luat diéu khién thich nghi
s& cai thién hiéu qua diéu khién, nang cao do chinh xac tiéu
diét muc tiéu.
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