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Tom tat

Trong cac bai toan phén tich, téng hop cdc luat diéu
khién khi nghién ctru hé thong diéu khién tén lura, mot
yéu cau quan trong 1a phai xac dinh dugc ham truyen
céc kénh diéu khién. Tuy nhién, day 1a mot vin dé
khé khan do cac tham sé cia ham truyén phy thudc
vao rat nhidu diéu kién thay ddi trong qué trinh bay
cling nhu sy thay d6i tham sé cua ban than tén lira.
Bai bio nay dé xuét st dung mang Elman dé nhan
dang ham truyén cua tén lira theo kénh d6 cao. Cac
két qua luyén mang va st dung mang sau khi dugc
luyén dé nhan dang da chimg to dugc kha ning cua
mang trong viéc xac dinh ham truyén diéu khién tén
lra khi cac tham sb hé théng chiu cac tac dong bat
dinh do cac nguyén nhan khac nhau.

Tir khéa: Nhan dang hé thong, tén Itra, ham truyén,
hé thdng diéu khién, mang Elman

Abstract

The first step in the control design process is to
develop an appropriate mathematical model of the
systems, especially for anti-aircraft missile control
systems. It is a difficult problem because missile’s
parameters, as well as working enviroment conditions
are constantly changing in run-time process. This
paper addresses the problem of identification of
missile’s attitude channel transfer function using
Elman neural network. Our results show the well
capability of ElIman neural network in determining the
transfer function when its parameters are undergone
uncertain stimulus for different reasons.

Keywords: system identification, missile, transfer
functions, control systems, EIman neural network
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) rad goc quay canh lai

o rad goc tan cong

0 rad goc nghiéng quy dao
2 rad goc gt

v m/s toc do tén lira

G N trong luc tén lra
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Y N luc nang

P N luc day dong co

H m do6 cao bay

Q kg/ms®  ap luc toc do

S m? dién tich dac trung

| m khoang cach tdm trong —
tam ap

c® 1rad h§ sb lyc nang theo goc
tan cong

¢t ]/ rad hé sb lyc nang theo goc
guay canh lai

m® 1/rad hé s6 momen 6n dinh

m 1/rad hé s6 momen can

m° 1/rad hé s6 momen diéu khién

J kg.m? momen quan tinh truc
ngang

Meec kg/sec tiéu hao khdi lugng trong
mot giay

1.bat van de

Trong phan tich va tong hop hé thdng didu khién tén
lira dang canh d6i xtmg (dang déu “+” hodc déu “x”)
thudng thuc hién trén hai kénh didu khién doc lap:
kénh do cao - didu khién chuyén dong tén lura trong
mit phing dung (thay dbi goc tan cong), va kénh
huéng - diéu khién chuyen dong tén ltra trong mat
phing ngang (thay do6i goc dat) [1, 2]. Do tinh chat
phi tuyén cuia ban than tén lira va cac yéu t6 tac dong
(su thay dbi do cao, thay ddi toc d9...) nén cac ham
truyén nay 1a cac khau phi tuyen Dé don gian trong
tinh toan va nghién ctru, da c6 rat nhiéu tai liéu nghién
ctru vé& viée tuyén tinh hoa va biéu dién cac ham
truyén nay dang tuyén tinh [1, 3].

Mot trong cac uu diém ndi bét cua mang noron la kha
nang x4p xi hoa cac dang ham phi tuyén véi do chinh
x4c bat ky [4]. Chinh nhd kha nang nady ma mang
noron da dwoc sir dung rit nhiéu trong cac bai toan
nhan dang. Cac kiéu mang thuong hay sir dung trong
cac bai toan nhan dang la mang nhiéu 16p, mang hdi
quy, mang xuyén tdm co s& (RBF)[5, 6, 7].
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2.Céu tric mang Elman

2.1 Céu triic mang Elman

Mang noron Elman 1a mét dang mang noron hoi qui
don gian, duoc d& xuit lan dau boi Elman [8]. Mang
Elman thong dung 1& mang hai 16p v6i cac thong tin
phan hoi tir déu ra ciia 10p tha nhat dugc gitr cham
quay tro lai dau vao. Puong hoi tiép nay cho phép dau
ra mang mang ca thong tin tai dau vao hién tai va cac
thong tin dau ra trude d6, diéu nay dam bao cho mang
kha ndng tai tao tot qua trinh dong hoc biéu dién trong
mién thoi gian véi do chinh x4c cao. Nhuoc diém dbi
v6i mang Elman 13 16p an phai c6 sb noron bang hodc
16n hon sé tip miu dua vao luyén mang. S noron
trong 16p 4n cang nhiéu thi mang cang mé ta chinh
xdc nhung cting phirc tap hon [4, 11].

So d6 cau trac mang Elman nhu H.1

T}(k)

Output
N
Xtky | 7
Hidden
Clk
Context Input
Ulk)

H.1  Cdu triic mang Elman

Trén H.1, ky hiéu U(k), Y(K) - dau vao va dau ra mang
Elman tai thoi di€ém k; C(k), X(k) - dau ra 16p Context
va dau ra 16p an; \{VXC, V\(X“, wWYe — trong so lién ket 16p
an- Context, 16p an- dau vao, 16p dau ra - 16p an,
tuong ung. ) :

Phuong trinh lién hé biéu dién hoat dong ciia mang
nhu sau:

X (k)= fW*(k-DC(k) +W™ (k-DU (k)] (1a)
Ck)=X(k-1 (1b)

Y (k) =W (k —1) X (K) (1c)

Trong d6 W™, W*, W 14 trong s6 lién két noron 16p
dau vao — 16p an, 16p Context — 16p an va 16p an — 16p
dau ra twong tng cua mang; f 14 ham kich hoat noron
trong 16p an (thuong sir dung dang ham lién tuc nhu
logsigmoid hoac tansigmoid). Ham kich hoat noron
dau ra 1a ham tuyén tinh.

2.2 Huén luyén mang Elman

Mang Elman dugc huén luyén theo thut toan lan
truyen nguoc (Back Propagatlon)

Néu goi cap gia tri (U(K), YM(K)) 1a cap gia tri dau vao
— daura mong mudn ciia mang, con cdp (U(k),Y(K)) la
cap gia tri diu vao — dau ra thuc té cua mang, sai sd
luyén mang theo phuong phdp trung binh binh
phuong téi thiéu dwoc x4c dinh theo cong thirc:
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1

E(k) = [0 () =Y ()" (v (k) =Y (k)] )
Thuét toan luyén mang Elman duoc trinh bay trong
khé nhicu tai liéu [12, 13], dudi déy s& chi dua ra gia
tri cap nhat tham s6 trong lugng gitra cac lop cua
mang qua mdi epoch luyén mang [14].

AW = —n(Y™ (k) —Y (k)X (k) (32)
AW = (Y (k) =Y (W k=D f(UK)  (30)
AW = (Y™ (k) =Y (k)W (k=D f ()X (k ~2) (30)

Trong d6 7 14 tde d6 hoc ciia mang, f(-)1a dao ham
ctia ham kich hoat cua 16p an (cong thirc (1a)).

3.Nhan dang ham truyén kénh d cao
st dung mang Elman
3.1 Ham truyén tén lira theo kénh d9 cao

Chuyén dong cua tén lira theo kénh do cao dugc thé
hién qua H.2 [1].

H.2 Vi tri tén hira trong mdt phing dirng

H¢ phuong trinh chuyén dong cua tén lira trong kénh
d6 cao [1] bao gdm cac phuong trinh sau day:

- Phuong trinh chuyen dong trong mit phing ding
khi khong tinh dén anh hudng gitra kénh d6 cao- kénh
hudng:

mVe = Psina+Y —Gcosd (4a)
dm

—=-m 4bh
dt sec ( )

- Phuong trinh momen:
M M* M?

w=' 3 a+ N +T5 5)
- M6i quan hé dong hinh hoc:
V=w
H =Vsind (6)
f=0—a
Trong do:



Y =57,3QS ¢” +¢
M* = 57,3QSIm*
Ve _ Qsm°
Vv
= 57,3QSIm’

Dé diéu khién tén lira trong kénh dimg, yéu cau phai
lam quay cénh 1ai diéu khlen d6 cao di mot goc 9, khi
d6 sé& lam thay doi goc tan cong a, dan t6i sy thay doi
lyc nang Y, va xuat hién momen lam quay tén lira
trong mat phang dung.

Hé cac phuong trinh (4a, 4b), (5) va (6) la hé cac
phuong trinh phi tuyén, ngoai cic ham lugng giac
(sin, cosin), cac tham s nhu trong luong tén lira, luc
nang khi dong cac hé s6 momen 1a nhimng tham s6
bién thién (khong dimng) theo thoi gian.

Gia tri h¢ sO lyc nang theo goc tan cong ¢” phu thuge
vao hinh dang phn miii va phin than cua tén lira, toc
d6 bay (s6 M) va goc tin cong; Gia tri ¢’ phu thudc
vao dang canh 1ai diéu khién va goc quay canh l4i.
Ham truyén tén lra v6i dau vao 1a goc quay canh lai
do cao J, dau ra la téc do goc git g ; tbe do goc
nghiéng quy dao § va goc tin cong a dugc xac dinh
theo phuong phap tuyén tinh hoa timg doan duoc xac
dinh nhu sau [1]:

; Ts+1
W =k o (®)
T°s"+2£Ts+1
; T,s+1 T;s+1
W=k ©)
T?s? +26Ts+1
Ts+1
W =k (10)
T°s" 4 2¢Ts+1
trong do:
K = a12"":;3 — 838y, T = 1
&, — a8y, \/ 8y, +ay,8,,
- 3,3y + 3;2343 — 31*3342
Vai + 2,3,
T,=B++A+B?
T,=D++C+D?
T,=D-+C+D?
T4 — a’43
a13 + a11a43
_ A3
83 + 8438,
B—= —8y3— a1*3a42 +a;2a43
a12a43 + a13a42
- 8y
8,8y + 8333y,
. 843 eﬁai*z )
a12a43 + a:l.:’»a42
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M* M
S =—
] Y a, ]

M2,
— Y]

a, =—

& &
A =~ Ys ay =~ [y/s]

P+vY* Y?
a,, = S =—1Ss
42 mv s ay mv Y
3.2 Xay dung ciu tric mang va két qua luyén
mang

Ccfu triic mang Elman va by tham $6 hudn luyén
Cau tric mang Elman thyc hién luyén mang nhu sau
(H.3):

M0 hinh
kénh d¢ cao
(phuong trinh
8.9.10)

Wi W we
Mang Elman —.C—b
gOc quay

cinh 1 3

\\ \\ \\

A 4

Ludthoe |

H.3  Cdu triic mang Elman khi luyén mang

- Ham luyén mang: trainim;
- S6 noron trong 16p an: 50;

- S6 chu trinh luyén mang (epochs): 300;

- S6 noron 16p Context: 10;

- Sb dau vao: 1;

- $6 lugng dau ra: 3;

- M6 hinh ham truyén kénh dung 14 hé cic phuong
trinh (8), (9), (10);

- B4 tham s0 phuc vu luyén mang: [1]
a,=049:a,=298:a,=022;a, =232

84; =0;a, =01577;a:3 =0

- Tin hiéu d4u vao luyén mang (goc quay canh lai)
dugc phat voi chu ky 0,2[s], cac gia tri ngau nhién
phan b déu trong gidi han: +20°(0.35 rad)

Két qua luyén mang

Sau khi tién hanh luyén mang vdi bo tham s6 dau vao
nhu da cho, so sanh két qua dau ra mang voi dau ra
mb hinh (H.4a,b,c) c6 thé nhan xét nhu sau:

- Pau ra mang d4 x4p xi dugc phan tmg ctia mo hinh,
sai léch tuong ddi 1a khoang 8% cho ca ba gia tri dau
ra mang;

- K&t qua xép xi ctia mang tang dan theo cac chu ky;
tai chu ky thu 5, sai 1éch tuong dbi 1a khoang 5% cho
ca ba gi4 tri ¢iu ra mang.



Hoi nghi toan quéc 1an thir 3 vé Didu khién va Ty dong hoa - VCCA-2015

T
——dauramo hinh

----- dau ra luyen mang

Dao ham nuy (rad/s)
anpha (rad/s)

c . c c
06 07 08 09 1

L c c L
15 r L L L L L r r r o 01 02 03 04
o o1 02 03 04 0.6 07 08 09 1

05
05 .
Thoi gian (s) Thoigian (<)

P . . » . R . A 5 A r. \ A Wcz
H.4a Két qua luyén mang voi ham truyén Wf H.dc Ket qua lupén mang voi ham truyén W

e | 3.3 Sir dung mang sau khi luyén vz‘lo,nhé;in dang mo
hinh ham truyen tén lira khi tham so bien doi
Dé kiém tra kha nang sir dung mang Elman sau khi da
duogc luyén vao nhan dang ham truyén tén Itra theo
kénh d6 cao, thuc hién mo phong va so sanh két qua
dau ra ciia mang v&i két qua ddu ra mo hinh ham
truyén thyc té khi gia dinh sy bién thién hé s6 luc
nang theo goéc tan cong va hé s6 luc nang theo goc
quay canh 1ai. M6 hinh ham truyén khi nay duoc xay

Dao ham teta (rad/s)

o e dung theo hé phuong trinh (1,2,3) trong Simulink khi
Thoi gian (s) gia dinh cic tham sbev, ¢ - thay aéi ngéu nhién theo
H.4b Két qua luyén mang véi ham truyen Wy quy luat phan bd déu xung quanh céc gia tri cho trudc

trong cac 1511} chﬁp hanh 1énh diéu khién (H.5).

Cac tham s6 d€ xay dung mo hinh str dung theo [9]
voi cac gia tri cu thé nhu sau:

H =10000; M, =1800;S =0,8;

m’ =0,0017 ;m“ =0,0006; P =5500; J=220;
V =1000; ¢*=0,0012; c¢°=0,0002 m, =18

L J
i [..
X
z

e IZ'
|T|_

X
C_arpha
T 1 L1
| Coaobam_siuy
-

i

Lo ] 5] w | ~"~E-E:ﬂ:_q

§

H.5 M6 phong xay dung kénh do cao tén lia
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H.6 M6 hinh kiém tra mang

dau ra thuc te
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Dao ham nuy (rad/s)

o4 o8 o6
Thoi gian (s)

FT B 9
H.7a  Xdp xi ham truyén W,
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04f- | ===== dau ra mang
Q
5
g
H
L
E
©
&
S -
a

. . . . . . . . .
0 01 02 03 04 05 06 07 08 09 1
Thoi gian (s)

Xdp xi ham truyén Wf

T T T
06~ | —daurathuc te
----- dau ra mang

anpha (rad/s)

C C C . C C C C .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Thoi gian (s)

H.7c  Xdp xi ham truyen W,

Céc két qua kiém tra mang (H.7a, H.7b, H.7¢) da thé
hién dwoc kha ning x4p xi ciia mang Elman trong
viéc xay dung cac ham truyén tén lia theo kénh d6
cao. Sai sb tuong ddi gitta ham truyén thyc té va ham
xap xi theo mang khoang 10% trén thoi gian khao sat
l1a 5 chu ky thuc hién goc quay canh lai.

4.Két luan

- Mang Elman c6 kha nang tot trong viéc Xap xi cac
ham phi tuyén c6 tac dong cua cac yéu t6 ngau nhién;

VCCA-2011

- Chét luong xéip xi cia mang phu thude rat nhiéu vao
cAu trac cua mang, déc biét 1a s6 bude gitt chdm trong
mach phan hdi;

- Tbe do luyén mang kha cham, déc biét khi 6 noron
16p 4n va sb bude gitt cham 16n, do do chi co thé dugc
sir dung trong ché do off — line.

- Pé ting toc do luyén mang cd thé st ‘dung mang
Elman cai tién bang cach bd sung trong sé diéu chinh
trong mang Context.
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