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THIET KE BO DIEU KHIEN TRUYEN THANG TREN CO'SO
HE THONG THIiCH NGHI THEO MO HINH MAU
TRONG VONG DIEU KHIEN TEN LUA TU XA

DESIGN OF MODEL REFERENCE ADAPTIVE SYSTEMS BASED LEARNING FEED-FORWARD CONTROLLER

FOR MISSILE REMOTE CONTROL LOOP

TOM TAT

Bai bdo trinh bay cac két qua nghién ctu, phan tich, cach thirc xay dung bo
diéu khién truyén théng da trén hé thong thich nghi theo mé hinh méu trong
vong diéu khién tén Iira tir xa. Luét diéu khién thich nghi theo md hinh mu &p
dung Iy thuyét on dinh Lyapunov ¢ dang don gian, bén viing va hdi tu nhanh.
Cac két qua md phong da cho thay nhitng vu diém khi st dung thuét toan. Day la
nhiing luan ¢t quan trong d€ phuc vu viéc nghién ctu, cai tién, tong hop vong
diéu khién tir xa thiét bi bay.

Tl khoa: Tén Iira, didu khién, thich nghi, m6 hinh mAu, bo digu khién
truyén théng.

ABSTRACT

The paper presents the results of research, analysis and construction of a
model reference adaptive systems based learning feed-forward controller 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 remote
control devices.

Keywords: Missile, control, adaptive, model reference, learning feed-forward
controller.
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1. MO PAU

Ban chét cua viéc &p dung hé théng diéu khién thich
nghi theo md hinh mau la thiét ké bd diéu khién sao cho hé
théng dat dwgc nhitng dac tinh mong muodn dwoc dua ra
b&i mot mé hinh toan (md hinh mau) [3, 4, 5]. Khi dac tinh

Nguyén Van Bang'”,
Vi Hru Thich?, Hoang Van Diing?®

cla hé théng thuc khac so véi dac tinh ly twédng clia md
hinh mau, hé théng dwoc thay ddi bang cach diéu chinh
céc thong sb cutia bo diéu khién hodc tao thém tin hiéu phu.

Giéng nhu hé thong voi b diéu khién thich nghi truc
tiép, khi thong sb clia déi twong thay doi, bd diéu khién
truyén thang (learning feed-forward) dua trén hé théng
thich nghi theo mé hinh mau (model reference adaptive
systems) cling c6 kha nang ty déng hiéu chinh cac théng
s0 clia b diéu khién theo xu hwdng duva sai léch e gitra mo
hinh mau va déi tvong diéu khién tién dan vé 0. Tuy nhién,
wu diém vugt tréi cla mo hinh diéu khién nay la toc do
thich nghi nhanh hon, dé 6n dinh cao hon va it nhay cdm
vGi nhiéu [1, 2].

Tén Itra trong vong diéu khién tén Ikra tir xa la khau déng
hoc cé tham sé thay doi. Su thay ddi gia téc phap tuyén clia
tén Itra phu thudc vao géc léch canh lai trong ranh gat dugc

\

\

Tﬂzs2 +28 Ts+1
do: K, 1a hé sb truyén cla tén Ira, V la van toc clia tén Itra, &,
la hé s6 suy giam dao dong riéng clia tén Itra, hdng s6 thoi
gian T, va hang sd thoi gian khi déng T, phu thudc vao su bd
tri khi dong cua tén Ira, vao cac dac treng hinh hoc va khi
déng hoc clia cac phan tir clia tén Itra 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 daéi 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 so K Tn’En clia ban than tén Ira. Do

mO ta bgi ham s& truyén [6]: K (s) = trong

1’
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
diéu khién tén Ira tir xa st dung bd diéu khién truyén
thang dua trén hé théng thich nghi theo mé hinh mau, véi
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gia thiét ham s6 truyén cula tén Ira la khau dao dong bac 2,
tén Ilra da c6 hé théng 6n dinh trén khoang, hé 1ap 1énh st
dung phrong phéap tao 1énh theo phwong phap dan 3
diém. Tén Itra c6 cac hé so K> T,»&, lathay déi.

2. THIET KE BO BIEU KHIEN TRUYEN THANG DUA TREN
HE THONG THICH NGHI THEO MO HINH MAU

C4u trac dwge mo ta trong hinh 1 ¢é thé duogc st dung
nhu mdt hé théng thich nghi theo mé hinh mau [1, 2]. D6i
twong diéu khién c6 mo hinh toan la khau bac hai dwoc
diéu khién véi s trg gilp ctia mot bo diéu khién truyén
thang. Cac tham s6 clia bd diéu khién nay la a,, b, va c,.
Cac tham so thay d6i clia doi twong digu khién (tén Ika) la
ay, by va c,. Gia t6c phap tuyén yéu cau dau vao khau tén
Ira la &

S
=
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|
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Hinh 1. So dd céu trdc bo diéu khién truyén thing, md hinh mau va doi
tuong digu khién

D6i twong diéu khién dwoc biéu dién bdi ham truyén
dat W,

X Kﬂ 1
=TT = 2 (1)
Py T's°+28 Ts+l ays +b .s+c
tl tlotl tl tl
) T2 28 T
Trong dé: a, =-%,b, = Sy .Cy -1
Ktl Ktl Ktl
Bi€u dién déi twong diéu khién dudi dang bién trang thai:
. 0
X X
Xz{.l}: c, b, { 1} 1 |u=Ax+Bu @)
X, | |-— -—||%| |T—
atl atl atl
0 1 0
VoiA=| ¢, b, | B=| 1 3
a a a
tl tl tl

M6 hinh mau c6 ham truyén 1AW,

2
w=dm-__ On 4)
a, §+28,W,.5+w;

Khi d6 ham truyén ctia hé théng tir a,. dén x sé la:

2 2
() a,s +b_ s+c,

— m

2 2 2
$°+28 W, s+wy, a s +b s+c,
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Néu cac tham s6 a,, = a,, b,, = by vac, =c, tht W =W,
Khi nay, tai dau ra clia hé théng nhan duwoc tin hiéu mong
mudn (x = y,,). Do d¢, ta can di tim mét phwong phap diéu
chinh sy sai léch giita tin hiéu dau ra cia mé hinh mau va
clia d6i twong diéu khién tién dan vé 0, déng thoi thie hién
viéc hiéu chinh cac tham s6 a,,,, b, va c,, theo huéng hoi tu
dén céc thong s6 cuia d6i twong diéu khién [1, 2].

biéu nay cho thay, ching ta c6 thé sit dung cach tiép
can bang ly thuyét 8n dinh Lyapunov kinh dién dé tim luat
thich nghi cho céc tham s6 ctia bo diéu khién truyén thang.
Do do, van dé thiét ké la: Tim luat thich nghi cho cac tham
s6 hiéu chinh a,, b,, va c,, ctia bd digu khién truyén thang
sao cho sai léch e gilta mé hinh mau va déi tvong diéu
khién tién dan vé 0, cling nhw hiéu chinh céc tham s6 bd
diéu khién truyén thang theo hwéng hoi tu dén cac tham s6
clia d6i twgng diéu khién. Do dé, ta can thuc hién cac budc
sau day dé thiét ké bo diéu khién thich nghi vai ly thuyét
on dinh Lyapunov.

Buwéc 1: Xac dinh phwong trinh vi phan cho e

Biéu dién mé hinh mAu du¢i dang bién trang thai:

ymlz ymZ ; ymz =€ (6)

ol LM el

Bi€u dién d6i twong diéu khién dudi dang bién trang thai:

X,= X, ®)
c b
Xz ='_ﬂX1'_ﬁXz+i(Cmym1+bmym2 )+iam-£ (9)
atl tl atl atl
. 0 1 0 o0 S fo
)'(:|:).(1:|: Cu btl |:X1:|+ Cn bm |:ym1 +l a, |€
Xy R | R a_ a_ Yz | a_
a1| a1| tl tl tl (10)
0 1 0 0 0]
= _ Cll btl X+ C_m b_m ym + ﬁ €
a1| a1| all all all

V@i sai léch e duoc xac dinh theo céng thirc sau:

e=y,-X (11)
e=y -X (12)
[0 0 0 1 0
e= C_m b_mym' ot _btl X+ 1_am €
Lot atl at| at| atl
[0 © 0 1
= C_m b_m Y~ . CtI ot Ym
tl atI atl atl
0 1 0 1 0
+ _i _& Y~ _Ctl o [XFT 1 ﬁ €
a a a a
L tl tl tl tl tl
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0 0 0 1
=% S By bu Vot S0 Dy |0m)
_all atI atI atI atI atI (13)
0
g8 e=Ay, tAe+Be
L 2
Vi
0 0 0 1 0
A Gy Cw By by | A= By By |B]y 8
a a a a a a a

Bwdc 2: Chon ham Lyapunov V(e)

Véi luat thich nghi don gian duwoc tim thay khi si dung
ham Lyapunov [5]:

V(e)=e'Pe+a’ aa+b'Bb (13)

Trong do6, P la ma tran déi xirng xac dinh dwong tuy y, a
va b la cac véc to chira cac phan tir khac 0 clia ma tran A, va
B, ava B Ia ma tran dudng chéo chira cac phan tr xac dinh
téc do qua trinh thich nghi.

Buwdc 3: Xac dinh cac diéu kién dé ham V(e) xac dinh am

V=(Ay,+Ae+Bg) Pe

+e' P(Ay, +Ae+Bg)+2aaa +2bpb’
=(Ae) Pe+e'PA,e+2e"PA Y,
+2a0a +2e" PBe+2bpb’

Tir AP+PA=-Q hay e’ (A'P+PA)e=-e'Qe (15)

Theo dinh ly Malkin [2, 4], Q la ma tran xac dinh duong.
Digu nay ¢ nghfa gia tri clia phan [ (Ae)" Pe+e’ PA ] la

(14)

lubn am. Nhu vay, sir 6n dinh clia hé thong sé dugc dam
bao néu phan [ 26" PA,y, +2a0.a +2¢’ PBE+2bBbT | c6

giatri 0, tuc la;

e'.PALy, +a0a =0 (16)
e’ PBe+b.f.b'=0 17)
0
V6i a=[a,, a,] e=[e, &,], a:{a“ } (18)
0 a,
0 O
P:|:pll p12i|’ A1:|: i|’ ym:|:ymli| (19)
le p22 aZl aZZ ymZ
Sau khi tinh toan, ta nhan duoc két qua:
. 1
a21:'_(e1-p21+ezpzz )yml (20)
all
. 1
a22:-_(el'p21+e2p22 )ymz (21)
GZZ
NN , . c, ¢ .
Tlr cong thiic (10) tacod: a,,=—--" — a4, =-—¢_,
a, a

tl tl tl

Dé hoan thanh qua trinh cap nhat tham s6 thi c,, dvoc
xac dinh boi biéu thirc sau:

a
Cn= L [[(@rPorteRz )Y itHC, (0) (22)
11

b .
Tir cong thirc (13) taco: a,=—L-2m o = Lp
a a a
tl tl tl
Pé hoan thanh qua trinh cp nhat tham so thi b, a,,
dwoc xac dinh boi biéu thirc sau:

- atI
by, = [[(€1P,r+eP ) e [+, (0) (23)
22

8,= = [[(e,Pe,p, )R, () 4)

BZZ
Trong dé, a,, va B,, dwgc goi la téc dd clia qua trinh
thich nghi, p,; va p,, l1a cac phan tir ciia ma tran P.
Buwdc 4: Xac dinh P

Tir ATP+PA=-Q V6i Q:{q“ q“} (25)
G O
0 -& 0 1
a ||Pn P P, P G, 4
btl |: 11 12:|+|: 11 12:| Ctl btl :_|: 11 12:| (26)
1 2w Py Py Px Pz 'a_ 'a_ Ox O
3 t t
t
-&(p +Py) P -C—“-p -&-p
a, 0 Ta, T et (g, q,
b =- (27)
c c Oy O
p11'_ﬂ-p21'_ﬂ-p22 p12+p21'2_ﬂ-p22
a, a, a,
Ké&t qua nhan duoc nhu sau:
1 a
F)12=p21=§(111-c_tI (28)
tl
2
1.3y a,
pu_pzz_z(c_z-qn"'c_qzz) (29)

tl tl
Dva trén cong thic (22), (23) va (24) thi thiét ké hé
théng thich nghi theo mé hinh mau véi bd diéu khién
truyén thang theo ly thuyét 6n dinh Lyapunov trén hinh 1
duoc vé lai nhu hinh 2.

Hinh 2. So c bd digu khién truyén thang dua trén hé thding thich nghi theo
md hinh méu
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3. KET QUA MO PHONG VA BANH GIA

ICra

Viéc mé phdng, khao sat luat diéu khién thich nghi tén

khi st dung bo diéu khién truyén théng duva trén hé

théng thich nghi theo méd hinh mau dwoc xem xét trong
vong diéu khién tén Itra tir xa, dwoc chi ra trén hinh 3 [6].

Trong muc nay trinh bay cac két qua mé phoéng céac

phuong phap digu khién bang phan mém Matlab tir d6 dua
ra nhttng danh gia, nhan xét cho tirng tredng hop cu thé.

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

nhv sau: w, = 10, &, = 0,7, a, = 0,011, b = 0,15, ¢, = 1,

van la tét nhét, qua tai giai doan dau ctia luat dan t6i wvu nhod

hon dang ké so vai luat dan co st dung co cau thich

nghi.

- Truong hop cac tham s6 cda tén Itra la &, = 0,5,

T,= 0,06, K, =0,8.

10

Qua tai Ten lua toi uu B
Qua tai Ten lua thich nghi

NENVAN

\

7 14
o=

u } ,thi p,, ~0,0385 , p,, ~0,078.

+ Muc tiéu c6 van tée V., = 350m/s, ci ly ngang Dy, = 19km,
bay & d6 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 Itra ¢6 van toc V =900m/s.

— 7
= [
=]
B° A
S 5| R
=
S a4
=]
=
< 3+ \ /ﬁ i
2
%—_/
’
o
o 2 a 6 8 10 12 14 16 18

Thoi gian [s]

Hinh 5. DA thi qua tai tén Iiva khi tham s0 tén I(ra thay d6i
Nhan xét: Trong qua
trinh bay cta tén Ira, cac
tham s6 dong hoc cla
ban than tén Ia thay doi
1 do sy anh huéng cta do
cao bay, van t6c, mic han
ché goéc tan cong... Khi
d6 luat dan t6i vu khong
dap ¢ng duwogc (hinh 5).
Khi d6 st dung luat digu
khién thich nghi sé cai
thién hiéu qua diéu khién,
nang cao dd chinh xéac
tiéu diét muc tiéu, cac

1 + 1 - l ~ ~:
Qe - Py S oy tham sb a,, b, ¢, hoi tu
) nhanh va bén virng.
Hinh 3. So' db cau tric vi diéu khién tén Iba tlr xa st dung bd diéu khién —
w 2 A A ~ ’ . ALY X 2
truyén thang dua trén hé thong thich nghi theo md hinh mau ‘ ‘ [ =
N . o ~ N ' N Wi 7
- Truong hgp cac tham sb cla ten Ira la ly twéng il e | e
& =0,7, T,=0,1s, K, =1, khdng thay dbi trong qua trinh bay. [
L e T I I I T T JE———
: i :
. | e e e
e \ \ L T T I I = T T T — Siice
el i m_“,'“\‘\ =
? sl , A e 1 a |
E a w Aapliveam
2 \ T w T w =
B 3 oA g
o _— |
S b | | 1
1 “ 7 f A‘dwunhm f f f
o 1 uf d
» A | | | | J | L [
o] 2 4 ] 8 10 12 14 16 18 Ngtnen
Thoi gian [s] ! T T T I [ ] I =
Hinh 4. D0 thi qué tai tén Itrakhi tham sd tén Iva.c6 dinh * ',r" B
I I | | I I | I

Nhan xét: Khi cac tham s6 cla tén Iira khong thay déi
(diéu nay khéng xay ra trong thuc té), ta thay luat dan tdi vu
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Hinh 6. D8 thi tin hiéu dau ra ctiamd hinh mau, tén Iiva, sai léch e va a,,, by, C,,
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4. KET LUAN

Phuong phap digu khién thich nghi theo md hinh mau
truc ti€p thé hién wu diém khi théng s6 cua déi twong diéu
khién khong rd va thay déi. Tuy nhién khi ap dung thuat
toan nay hé théng diéu khién c6 thé mat 6n dinh do téac
dong cuia nhiéu do lwong. dé khac phuc han ché cla diéu
khién thich nghi truc ti€p bai bao dé xuat bo digu khién
truyén thang dua trén hé théng thich nghi theo md hinh
mau, vi vay thong s6 cla bd diéu khién dugc hiéu chinh
lién tuc trong qua trinh lam viéc.

Luat diéu khién thich nghi theo mé hinh mau &p dung
ly thuyét 6n dinh Lyapunov c¢6 dang don gian, héi tu nhanh
va 6n dinh cao. Céac két qua mo phong chi ra rang bo diéu
khién truyén thang thich nghi theo mé hinh mau trong
vong diéu khién tén Ikra tlr xa c6 chat lwgng tdt hon khi so
sanh voi luat dan tén Itra t6i wu tai thoi diém cac tham s
cla tén Itra (K, Ty &) thay doi. Day la co s& dé nang nang
cao do chinh xac tiéu diét muc tiéu, dap ¢ng dugc trong
diéu kién thuc té khi cac diéu kién bay clia tén Iira thay doi.

Tuy nhién cong thirc (22), (23) va (24) chi 4p dung duoc
khi mé hinh mau va déi twong diéu khién c6 dang bac 2. Nhw
vay v6i nhirng d6i tugng cé ham truyén bac cao hon, khi tinh
toan ta phai st dung ham xdp xi bac 2 cta ching. Bo diéu
khién truyén thang chi c6 thé duoc ap dung (bu, hiéu chinh)
cho hé théng véi déi twong cé dang bac 2 tré xudng nén day
chinh la han ché clia phwong phap nay.
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