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XAY DUNG BO DIEU KHIEN TRUOT CHO HE TRUYEN DONG
BAM DAI QUAN SAT QUANG DIEN TU

CUA TAU TUAN TRA TREN BIEN

BUILDING A SLIDING MODE CONTROLLER FOR THE ELECTRO-OPTICAL OBSERVATORY DRIVE SYSTEM

OF A PATROL SHIP AT SEA
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TOM TAT

Thiét bi theo doi quang dién tit la mdt trong nhiing nhitng kénh trinh sat quan
trong trong hé thong chién dau trén tau mat nudc. Chat lugng lam viéc hé truyén
ddng bdm clia thiét bi nay bi dnh hudng I6n béi cic tic dong nhiéu loan nhu song
bién, rung l3c... Bai bao dé xudt luat diéu khién trugt trén co s& bo quan st b
nhiéu cho hé truyén dong bdm dai quan sit quang dién t. Chat lugng ctia bo diéu
khién da dugc khang dinh bang két qud md phéng trén phan mém Matlab-
Simulink, do chinh xac bam dugc dam bao trong diéu kién hé chiu tac dong clia
nhiéu loan ctia mdi trudng song bién va tau tuan tra.

Tir khéa: Diéu khién trugt, tau tudn tra, dai quan sdt quang dién i, hé truyén
ddng bdm.

ABSTRACT

Optoelectronic tracking devices are one of the important reconnaissance
channels in combat systems on surface ships. The working quality of the tracking
transmission system of this device is greatly affected by disturbances such as
ocean waves, vibrations... This article proposes a sliding control law based on a
disturbance compensation observer for the transmission system. optoelectronic
observatory. The quality of the controller has been confirmed by simulation results
on Matlab-Simulink software, ensuring accuracy in conditions where the system
is affected by turbulence from the wave environment and patrol boats.

Keywords: Sliding mode controller, patrol boat, optoelectronic observatory,
tracking drive system.
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1.PAT VAN BE

Dai quan sat quang dién ti la mét trong nhitng kénh
trinh sat quan trong trong hé théng chién dau trén tau
mat nudc. N6 thu thap va theo doéi cac muc tiéu tau va
may bay trén mat nuéc dugc chi dinh bagi radar tim kiém,
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déng thdi cung cap cho hé théng chi huy va diéu khién
héa luc thong tin muc tiéu (vi tri, t6c d0, khodng céach) va
théng tin hinh dnh dé thu thap va nhan dang muc tiéu ca
ngay lan dém. Hé truyén déng bam cla thiét bj theo doi
quang dién tl can co tinh tac dong nhanh véi d6 chinh
xac cao, dam bao phat hién kip thai, bat va bam sat muc
tiéu, phuc vu qua trinh giam sat muc tiéu, tiéu diét muc
tiéu khi c6 Iénh. Hién nay, hé truyén déng dai quan sat
van dang st dung bd diéu khién PID, trong khi d6 tau tuan
tra trén bién, luén chiu diéu kién rung lac tir séng bién,
gay ra nhiéu loan doi véi hé truyén déng bam [2, 41, vi vay
can thiét phai c6 bd quan sat bu nhiéu dé giai quyét van
dé nay. Bén canh d6 can c6 mét bo diéu khién bén viing
vGi nhiéu nham nang cao chat lugng diéu khién. D& khac
phuc van dé nay, nhém tac gia dé xuat st dung bo diéu
khién truot, day l1a bd diéu khién cé tinh bén viing cao,
cau trdc don gian, ddm bao dé chinh xac khi hé théng cé
tham s6 bat dinh va nhiéu bén ngoai [3].

Hinh 1. Dai quan sat quang dién t{ trén tau tun tra
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2. MO HINH HE TRUYEN PONG KINH NGAM QUANG HOC

Ll

Eneader tim

LHingr e tamn

1Hings wor hudng

Tueonler lurdny
Hinh 2. Hé truyén ddng hai kénh kinh ngdm quang hoc
M6 hinh toan hoc ctia hé khi xét dén cac thanh phan bat

dinh cta hé théng [1, 2].

M(9)g +C(q,9)q+D(t) =K i M

Trong do: iuzr; Cac thanh phan

ma tran hé so:

M(.)=|:m” m12:|;c(.):|:c11 cn:|,D=|:d1:|;Ki=|:ki° 0:|
My My G Gy d, 0 ki

Trong dé: g1, g2: cac bién khdp; g,,q, : van téc goc tai cac
bién khép (van toc dong co).

Phan co hé dugc mé ta trén hinh 2, phuang trinh dong
Iuc hoc chuyén dong hai truc dugc xay dung theo quan diém
co hoc hé nhiéu vat, véi cach ti€p can theo phuong phap
Euler-Lagrang nhu sau:

Poéng hoc clia ddng ca chap hanh:

i=-Ri-K_ g+Bu )

VGi cac hé s6 dién trd phan ng, dién cdm phan (ng, hé
s6 phan stc dién dong:

o Dma g — 0
LO LO LQ uu
R= K. B= u=
0 Re 0 Kine 0 Ug
Lo Lo Lo

Dit céc véc to bién trang thai:
X =q%=4% =iu=[u, U
Khi tinh dén cac thanh phan nhiéu va bat dinh:
M(x,) =M, (x,) +AM(x,); C(x,, x,) =C,(x;,X,) + AC(X,,X,)
Ta nhan dugc:
X =X,
X, =My (%,)[K,X; — Co (%, %,)%, +F()]
X; =Rx; +K,.X, +Bu

emf
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Trong d6 thanh phan bat dinh vé tham sé va nhiéu:
F()=—-AC(x,,%,)x, — AM(x,)x, =D

3. XAY DUNG BO QUAN SAT TRUGT THICH NGHI DANH
GIA BU NHIEU

Nhiéu loan va bat dinh F(.) trong hé (3) dugc gidi han
trong cac truong hgp la cac tdc dong bén ngoai lén hé théng
quy vé md men can, luc can, va cac yéu té bat dinh clia tham
6. Cac thanh phan nay khong do ludng dugc, ma ta c6 dudc
cac udc lugng ctia né thong qua moé hinh bd quan sat nhiéu.
DPé& lam rd cac bubce xay dung bod quan sat danh gia nhiéu va
bat dinh lam cg s& xay dung luat diéu khién bu ta st dung
b quan sat trugt thich nghi cho hé (3) theo trinh tu nhu sau:

Gia thiét ta do dugc bién dau ra x,; Xay dung bo quan sat
trugt cé hiéu chinh thich nghi theo dang:

m—n

: m . ) . .
F(t)=|a —i—b;eobg‘ (€45 T 1iSops +1sigN(s ) +a  (4)

Trong d6 cac hé sé |,l,,a phu hgp; véi giad thiét thanh
phan nhiéu la lién tuc theo thai gian va c6 dao ham bi chan
|F(t)|§a, hang s6 a dugc diéu chinh thich nghi trong qua
trinh thiét ké.

Xét sai s6: e, =X, —X,
Xay dung dénh gia tu (3):
%o =My ()[Kxs — ()%, +F() (5)

Mat trugt dugc xay dung cé dang:

Sops = €, +AE,,, +ben (6)

Trong dé: a,b 1a cac hang s6 thuc duang, m,n la cac s6
nguyén duong dugc lua chon phu hgp.

Chiing minh tinh én dinh cta bd quan sat danh gia
nhiéu:

DPé danh gia tinh 6n dinh cla bd quan sat, ta xét vi phan
cliasais6équansat: €, =X, —22 , thay thé cac phuong trinh
c6 lién quan (3), (5) vao ta nhan duagc:

s =My ()] FO—FO) )
Tiép tuc xét vi phan cta (7):
d

Bons =My (%) FO —FO|+ M, ()

F()— ?(.)} (8)

Xét vi phan clia mat truot (6):

. . m.—)]|..
Sobs :eobs +|a +bFeob? eobs (9)

Thay thé cac phuong trinh cé lién quan vao (9) ta nhan
dugc:

_I1Sob5 - IZSign(Sobs)

%MQ(&)[F(.)—IE(.)] (10)

+F(t)—a

m .
I n
obs

éobs = M(;1(K1) +

Xét ham Uing vién Lyapunov cé dang:
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Vobs = lSf)bs + 1 az
2 2p
Pé chiing minh tinh 8n dinh ctia bé quan sat va luat cap

nhat thich nghi cho a, trong d6 p la hiang s6 duong,

(1

obs

a=a-a;
Viphan (11):
V :Sobséobs +la(q_a)
P

|1Sobs IZSign(Sobs)

_ d, s 1.2
=5, 1M, (x,) Lopm e:f EMOW(&){F(.)—F(.)] -
n +F() -
Tuong duong véi:
Vobs = Sobs’\A ( )I1Sobs M81(51)|2 Sobs +
d .
5., —M. " (x,)|F()—F(. . (12)
n +sob5F(t)—s A e
vsi [FO—FO| <€, [FO| <P va 0] <a, tace:
V < SobsM ( 1)|1sobs_Ma1(l1)lz |Sobs|
mon )
+ a+bme(1 " )MsobsiMo1(¥1)E+sobsa __aa
n dt p
Lua chon luat cap nhat thich nghi cé dang:
a+b_eobs ) [Sobs +ai1sob5 %Mowlﬂs] (14)

Thay thé cac phuong trinh c6 lién quan vao ta nhan dugc:
Y =56 My (XS — M (), (15)

obs — 17 obs

S

obs
Lua chon cac tham sé |y, |; 1a céc hang s6 duang, ta nhan
dugc V,,, <0, nhuvdy bd quan sat nhiéu bao dam danh gia

n 1!
nhiéu. Khi a > 0 va luén bao dam a+bmé‘oj’ <0, thi bd
n

quan sat 1a bd quan sat khéng ky di va cé thé diéu chinh cac
tham s6 dé hoi tu nhanh.
4. XAY DUNG BO PIEU KHIEN TRUQT

Theo [1] hé phucng trinh sai s6 c6 dang:

1
é,=—ke —k, e [2sgn(e,) +e,
(e,)+F(t)+e,
—M;'(x )[ s C‘x’w(x“xz)xz7Ggy(x1)+|§(.)J

Rx, +K_ X, +Bu—dg(C° (%%, )%, —

1
=—kle, —(k, —k)e, —k,,|e,[2 sgn

d
3dt

+M,' (%)

-G (x,)+F()

2
—('>'<'1d+d—cl(e1) k,e +£q

dt? ke, + ()
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Luat diéu khién dugc thiét ké cho (16) dé bao dam e; — 0

Xét cau tric mat trugt co ban cho hé con bac 2, (e1,e2) — 0
nhan dugc ti hai phuong trinh dau cda (16).

e =—ke —k,le, \W sgn(e,)+e,
=—Kle —(k, -k )e

Y 17)
, .
. —kele,|  sgn(e,)+F(t)+e,

Lua chon véc to mat trugt theo dang trugt dau cudi:

P s 0
51:e1+Be;; S1: 11 ;B: BH
S12 0 612

Trong d6: B > 0, p, q la cac s6 nguyén duong |é va thda

man q > p > 0.Cé nghiala o<k

(18)

<1, viphan (18) cé:

1
5, =—ke, —k,|e,[2sgn(e,) +e,
(19)
2
+Ppes | Tiei -tk
a +F(t)+ e,
Két hgp phuang trinh vi phan clia véc to mat trugt (19)
véi phuong trinh thi 3 trong hé (16), d€ c6 hé con tha hai
(s1,535) — 0:

1
2 k1 )ez - kez |62|5 sgn(e2 )]

§,=—ke, —k,le[2sgn(e,) +e,
= 1 -
+%Be§ (—kje, —(k, —k,)e, —k, |e,|2 sgn(e,) + F(t) +e,) (20)
é —EM”(X )[x —Cy (%%, )%, =Gy (x )+ﬁ()}
3 dt 0 1 3 X 1772 2 Xp 1 .
M) Rx; +K_ X, +Bu— —(C (%%, )%, =
-Gy (x 1)+F(.))
? . d
— (X + Fq(ew)— k,e, +aa2(e2))
Xay dung mat trugt mai cho (20) véi cau trac:
P B 0
s, =s,+B,e5; Bz:|:(;1 [322:| (21)

Tuong tu trén, vi phan cda (21), thé cac phuong trinh cé
lién quan vao ta nhan dugc:
—kle, —(k, —k,)e,

5, =—ke - \e1\2 sgn(e,)+e, +— Be2

keo|e, \3 sgn(e,) +F(t)+e;)

d

0 _ o F
dtM '(x )[ 5= (40%)%, GX‘(X1)+F(.)} (22)
d
L Rx, +K Bu——(C° (x,, -
+Ppes | My (x,) s Hanr s +BU= w (% %,
a -G (x,)+F0)

. d d

— (X + pres ale,)—k,é, +OIt ,(,))

Lua chon diéu khién Bu dé bao ddm s, — 0, khi d6
[S‘ 0 dsn dén {e” -0

e, —0 e,—0
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Luat diéu khién dugc xac dinh:
U=u,, +Uy (23)

Trong d6: Thanh phan ueq la thanh phan gir cho bién
trang thai & lai trén mat truct, uy 1a thanh phan diéu khién
chuyén mach dugc thiét ké bdo dam khang nhiéu va cac yéu
t6 bat dinh trong khéng gian diéu khién, lam cho bién trang
thai tién vé mat truot.

P, 1
Ug = BW.){ZBZe; }MO (%, ){k1e1 +k,,|e,[2 sgnle,) e,

[ 1 .
—%Be;‘ (-kie, —(k, —k,)e, =K., |e,|2 sgn(e,) + F() +e,)

d 6 . 24
_[EMO (xl)[x3 —C (%%, )%, =Gy, (x1)+F(.)] (24)
MG 50 R0+ K = S ()5, -G2 1)+ 0 |
d? R d
_(xw+W0(e1)—kze2+aaz(e2))}—kssz}
D
-B() Bzeq DK, L (0/(s,)san(s,) (25)

Pé loai bd hién tugng chattering trong diéu khién truat,
thay ham sgn(.) bdng ham tanh(.), khi dé luat diéu khién trén
€0 s& bo quan sat danh gia nhiéu dé xuat nhu sau:

P
u=B'1(.){p|32e§‘ 1}Mo(x1){k1e1 +kg \eI\% tanh(e,)—e,
q

_*Bez

[

(—k2e, —(k, —k,)e, — kez\eZ\Ztanh e)+F()+e,)

()% =€ (%)%,
T

d d
(X1d+dt ale,)—k,&, + dta(z))}—kssz}

-Gy (x,)+F0) ] (26)

o (%%, )%, — Gy, (x1)+ﬁ(.))}

Py
_31(,){2[32.3; }Mo(xJsz(t)\/@tanh(sz)

5. MO PHONG VA PANH GIA KET QUA
5.1. M6 hinh mé phéng

Jar2cbsemer

Hinh 3. M@ hinh mé phdng hé truyén ddng kinh ngdm quang hoc
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M6 hinh mé phang danh gia chat lugng cta bo diéu
khién badng phan mém Matlab-Simulink nhu hinh 3.
5.2. K&t qua mé phéng

Bo6 diéu khién dugc danh gia théng qua déap (ing géc
quay clia hé truyén dong dai quan sat & cac trudng hgp khac
nhau, cé so sanh két qua vai bd diéu khién PID hién cé.

+ Trudng hgp 1: Khéng cé nhiéu tdc ddng, goc hudng dat
la ham sin c6 bién d6 2 rad, ham ram, ham step, két qua duoc
thé hién trén hinh 4 - 7.

- - -Dap trng goc quay
—Tin higu dat
---Sai s6

Thoi gian [s]
Hinh 4. Dap ting g6c quay hudng vdi tin hiéu dat la ham sin

- --Dép ng goc quay
101 —Tin hiéu dat
----- Sai léch
gL il
7
= 6 b
>
®
=]
o
8 4r il
o
2L il
0 ———
L L L L L L L L L
0 1 2 3 4 5 6 7 8 9 10
Thoi gian [s]

Hinh 5. Dap ting g6c quay hudng véi tin hiéu dat la ham ram

T T T T T

Goc quay [rad]

1 1 1 1 1 1 | 1 1

0 1 2 3 4 5 6 7 8 9 10
Thoi gian [s]

Hinh 6. Dap ting g6c quay hudng véi tin hiéu dat Ia ham step
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T T
10 7
I
r
8 ! 1
"
6L i
= L7
L/ i
& I
3 i
T o .
Q I
b=l
O ot -
’ [
/ i
2 / :
i i |
i — - -Dap lng géc quay
Af ! o Sai b R
ai 6
6l —Tin higu dat B
I | | I I I | | |
0 1 2 3 4 5 6 7 8 9 10
Thoi gian [s]

Hinh 7. Dap ting goc quay hudng vdi tin hiéu dat thay ddi 6 gidy thit 6

Khi khéng c6 nhiéu tac dong, hé truyén déng co chat
lugng bam t6t, dap iing goc quay bam sat tin hiéu dat véi sai
s6 nho.

+ Trudng hop 2: Khi ¢6 nhiéu tac déng, cho moé men tai
10Nm tac dong tai thai diém gidy thid 4 (hinh 8); cho nhiéu
ngau nhién la ham random c6 bién dé + 2 tac dong (hinh 9)

——Dép (rng géc quay

10 s

: -=-8ai s0 }

gk - =-Tin hiéu dat ! il
|

6

Goc quay [rad]
N -~
= .y ‘v—\\{
~ 1
)
i
i
k]
Il L

Thoi gian [s]
Hinh 8. Ddp ting gdc quay hudng khi c6 md men tai tac dong

12 T T T T T ol
—Bap (rng goc quay

10r ---Sai 56

- - -Tin hiéu dat
8- I 1
5 4

Goc quay [rad]
L8] £

H
L L

Thei gian [s]

Hinh 9. Dap ting géc quay hudng khi c6 nhiéu ngau nhién tac dong

Khi anh huéng cta nhiéu cuong dé I6n, hé c6 dao déng
nhung 6n dinh nhanh sau 2 gidy. V&i nhiéu ngau nhién lién
tuc tdc dong, hé bl nhiéu tét, sai sé nhd, dudi 3%.
5.3. Nhan xét két qua

Bo6 diéu khién truot két hgp bd quan sat bu nhiéu da
dap lng tot yéu cau cla hé truyén dong dai quan sét, do la
tinh tdc dong nhanh, bam tét tin hiéu diéu khién, én dinh
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dugc gbc dat trong cac trudng hgp khac nhau, dac biét la
khi cé nhiéu tac dong. Qua trinh diéu khién ém ai, khéng
c6 d6 qua chinh, dam bao yéu cau chat lugng ngam, bam
cla khi tai quang.
6. KET LUAN

Bai bao da trinh bay két qua xay dung bé diéu khién truot
két hgp bd quan sat bu nhiéu cho hé truyén dong dai quan
sat quang dién t cla tau tudn tra trén bién. Phan trinh bay
dugc bat dau tur viec xay dung mé hinh co hé, téng hgp bd
quan sat nhiéu, bd diéu khién, mé phéng bang phan mém
Matlab-Simulink. Cac két qué kiém nghiém cho thay: B6 quan
sat bu nhiéu két hgp bo diéu khién trugt da lam tang tinh én
dinh clia hé théng, dam bao dé chinh xac khi bam, tang kha
nang phat hién muc tiéu cda dai quan sat; phuong phap nay
da gilp giam t6i da sai s6 va hién tugng dao dong trong diéu
kién hé thdng chiu anh hudng cla cac yéu té phi tuyén, nhiéu
loan, rung déng vé tai trong qua trinh van hanh.
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