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THIET KE BO DIEU KHIEN LQR

CHO DAU QUET QUANG DIEN TU

DESIGN OF LQR CONTROLLER FOR ELECTRO-OPTICAL SCANNING HEAD

DOI: https://doi.org/10.57001/huih5804.2025.278

TOM TAT

Bai bdo trinh bay cdu tric, vai tro cla dau quét quang dién ti trong hé dan
dudng bi dong clia tén Ita khong ddi khong tam gan. Dau quét quang dién tir1a
b phan then chét gitip phat hién, dinh vi va bdm muc tiéu thiét bi bay. D& nang
cao dd chinh xéc khi diéu khién dau quét quang dién t0, bai béo dé xuat st dung
phuong phap diéu khién t6i uu toan phuong tuyén tinh (LQR) két hop vdi bd loc
Kalman (KF) nhdm loc nhiéu tir tin hiéu hong ngoai thu dugc. Céc két qua md
phdng trén Matlab-Simulink minh hoa rd rang hiéu qua ctia phuong phap dé
Xudt. Hé thdng dat dugc do n dinh cao, sai s6 xac 1dp nhd, kha ndng bam muc
tiéu tot ngay ca trong diéu kién nhiéu, muc tiéu co dong phc tap.

Tir khéa: Diéu khién LQR, bd loc Kalman, ddu quét quang dién td; ddu do
hdng ngoai.

ABSTRACT

The paper presents the structure and role of the electro-optical scanning
head (EOH) in the passive guidance system of short-range air-to-air missiles.
EOH is a key component that helps detect, locate and track aircraft targets. To
improve the accuracy of controlling EOH, the paper proposes using the linear
quadratic optimization control (LQR) method combined with the Kalman filter
(KF) to filter noise from the received infrared signal. The simulation results on
Matlab-Simulink clearly illustrate the effectiveness of the proposed method.
The system achieves high stability, small steady-state error, good target
tracking ability even in noisy conditions, complex maneuvering targets.

Keywords: LQR control, Kalman filter, optoelectronic scanning head,
infrared seeker.
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1.DAT VAN BE

Hinh 1. Tén |&ra khong d6i khong st dung dau quét quang dién ti

Trong cac tén Ira khong d6i khong tam gan (hinh 1),
dac biét la cac dong st dung dau do héng ngoai thu
doéng, dau quét quang dién ti dong vai tro cuc ky quan
trong [3, 4]. Bay la b6 phan ddm nhiém viéc quét khong
gian dé phat hién muc tiéu, sau dé chuyén sang ché do
bam dé dan tén Ita tSi muc tiéu.
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Hinh 2. C4u tao dau quét quang dién t

DPau quét quang dién tir (PQQDT) thudng nam & mii
tén IUa, gan chat véi hé dan dudng va truyén lénh t6i bo
diéu khién lai, bao gébm: B cam bién héng ngoai, hé
thong 6ng kinh va co cau quay hai chiéu, bd phan truyén
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déng, bo xur ly tin hiéu va diéu khién. DQQDT phat hién
muc tiéu thong qua tin hiéu hong ngoai phat ra tir muc
tiéu, quét khong gian: xoay truc quang hoc dé bao quat
vung tim kiém, bam muc tiéu: gir truc quang hoc luén
hudng vao muc tiéu trong qua trinh bay, cung cap tin
hiéu dau vao cho hé diéu khién dan dudng tén Iva.

Khéc véi radar cht dong hay ban chu dong, BQQDT
khong phat ra tin hiéu ma chi thu tin hiéu nhiét do muc
tiéu phat ra, diéu nay gitp hé théng tranh bi phat hién va
gay nhiéu bai d6i phuong. Pa c6 nhiéu nghién citu nham
cai tién bd diéu khién PID nguyén ban nhu [1, 5]. Tuy
nhién, viéc diéu khién chinh xac truc quang hoc ctia dau
do nham theo déi muc tiéu trong cac tinh huéng co dong
nhanh va xung tin hiéu bi nhiéu Ia mét thach thuc I6n. Dé
khac phuc van dé nay, nhom tac gia dé xuat st dung bd
diéu khién LQR két hop bo loc Kalman. Day la bd diéu
khién c6 tinh bén viing cao, cau truc don gian, ddm bao
dd chinh xac khi hé théng cé tham sé bat dinh va nhiéu
bén ngoai [2]. Qua khao sét cho thay bo diéu khién téng
hap dugc cho két qua t6t; loai bo, bu khir cac nhiéu loan
va bat dinh sinh ra b&i chuyén déng vat mang, mat can
bang...

2. MO HiNH TOAN HE DAU QUET QUANG DIEN TU

M6 hinh toan hoc ctia hé khi xét dén cac thanh phan
bat dinh ctia hé théng:

Muc tiéu

i
\ o Zx ,-_& natl
\ Zez ) ‘Ving phat
\ zp DPuong ngam muc tiéu hong ngoai
Hé thong quang dién /\/ﬁ

Truc quang

Y ye

Khung trong

Hinh 3. M6 hinh hé truyén dong hai truc

M6 hinh co hoc dugc thiét lap vai cac hé toa do xoay
lién két: khung ngoai, khung trong va réto, Ung véi cac
gbc quay U, 9 va @. Phuong trinh ddng hoc dugc thiét lap
bang phuong phéap Lagrange I, v6i cac mé men quan
tinh, mémen can va mémen diéu khién dugc tinh toan cu
thé.

(S +9 )8+ (4, 3, )0

- ( chw - chw

Xcw (_I)

B JZR )wYCw wzcw - JYR nwzcw = MW - MTW
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Trong dé:

Jxcs Ty Jzez |a mdbmen quan tinh khung ngoai;

Jxews Tyews Jzew 1@ MOmMen quan tinh khung trong;

Jxr Tyr Jz la mOdmen quan tinh réto;

M, la mémen khung ngoai;

M., la mémen khung trong;

Mrw, M1, la mdmen ma sét clia khung ngoai va khung
trong;

n la téc d6 quay cua roéto.

Van toc goéc cla khung ngoai:

W, =W, cosP+w, siny

w, =-w,sing+w, cosP

Yez

w, =h+w,
Van t6c goc cla khung trong

w, =w, +34
w (@4
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Gia sUrrdng cac tac dong bén ngoai la khdong dang ké,
DQQDT ¢6 phuong trinh chuyén déng sau day:

(S +4, )9—%(JYCW

-J, npcos3+Cwd =M,

—-J, =1 JY*sin29
w R) (3)

[JZQ w0, +(0,, 0., 1, )sin® S:|L|)

: . (4)
+(chw -, -l )lj)SSin28+Jan8c058+czq) =M,

3. THIET KE BO DIEU KHIEN LQR

Nhdm diéu khién chinh xac hé théng Gimbal trong
diéu kién phi tuyén, dé xuat st dung bo diéu khién tuyén
tinh t&i uu LQR cho hé dugc tuyén tinh héa tai diém can
bang.

Ham muc tiéu tdi thiéu:

JZTI:XTQX+UTRU]dt (5)
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Trong d6: Q la ma tran trong sé bién trang thai, R1a ma
tran trong sé diéu khién, x 1a vecto bién trang thai,
u= [M8 M, ]T vectd diéu khién.

Cac ma tran Q, R dugc xac lap theo tiéu chuan Bryson
nham giGi han bién dé diéu khién va sai s trang thai
trong pham vi cho phép. Si dung ma tran Jacobian dé
tuyén tinh héa va phan biét hda cac phuong trinh trang
thai. Tu phuong trinh (3) va (4), dat:

J51 = chw + JXR 'JSZ = chw - JZ(W - JZR !

Jo=3,,+d,, .. (6)
X, =9,%, =9,x, =¥,x, =
Khi d6 c6 phuong trinh trang thai sau:
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Trong do6: fi la thanh phan phu thuéc tham s6 hé
théng; z phu thudc tac dong bén ngoai.

Luat diéu khién c6 dang:

u=K(x, —x) )

Trong doé: x, la vecto gia tri dat, vecto hé s6 K diéu
khién t8i uu dugc xac dinh:

K =(R+B'PB) 'B'PA

Vé&i ma tran P 1a nghiém clia phuong trinh Riccati:

A"P+PA-PBRB'P+Q=0 (1m)

Theo luat Bryson, ma tran Q, R dugc xac dinh nhu sau:

(10)
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1
Q==/Ri=—=
i X% Uﬁ

(12)

Vi xi la gia tri 16n nhat clia bién trang thai; u; 1a gia tri

I6n nhat cla bién diéu khién.
Tu thong s6 thuc té ciia PQQADT co:

Uq1 = U2z = 1,5NmM; X171 = X33 = 0,59 X22 = Xas = 40 d0/s;

Rat rama tran Q, R nhu sau:

5 152 0 0 0
0o 0
Q- 402 R
0 0 3 152 0
0 0 0 Lz
L 40” |

1
0
1,52
1
0
1,5

Ma tran P dugc xac dinh bang cach giai sé phuong
trinh Riccati (11) v6i cdng thiic nghiém nhu sau:

P =Q+A(P,~PB(R+E'PB) 'BP)A

(13)

Ma tran trang thai A va ma tran diéu khién B dugc xac

dinh bang cong thuc:
of o o O] [0z Oz
ox, Ox, Ox; Ox, ou, Ou,
A OX, OX, OX; OX, B ou, Ou, (14)
o A o HKp 1% o
OX, OX, OX; OX, ou, Ou,
A A K K12 G2
| OX, Ox, OX; 0X, | | Ou, Ou, |
Vai
i: ’i:-ll af1 _Olﬁzo;
0x, OX,  OX, oX,
of, JuXxgcos2x,—J, nx,sinx, &f, o o, 0.
ax1_ Js1 ’aXZ_ ,8X3_ ’
of, Jpx,sin2x, +J, ncosx,
x, Jg ’
izoli:oli:o,i:u
0x, 0oX, 0%, 0ox,

of,  —2J,X,X, cos2x, +J, nx, sinx,
—4 = —
X, (J53 +J,sin x1)

2 . . 2 .
R Jx,%, 2sinx, cosx, sin2x, +J,,J, nx, cos” x,2sinx,

+

(Js3 +J, sin’ x1)
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of,  —Jox,sin2x,—J ncosx, of, B

e S ; =0;

OX, (J53 +J, sin? x1) O3

of,  —J,x,sin2x,

X, (J53 +J, sin? x1) '

% 0% .08 g0 1.0 .
ou,  au, "ou, ou, J, du ou,
az4 _ 1 az4 —

P 1 Yy
ou, (Js3 +J,sin’ x1) ou,
4.B0 LOC KALMAN

Trong qua trinh bam muc tiéu, cdm bién nhan dugc
tin hiéu hdng ngoai 6 dang xung khéng déu, c6 thé chia
nhiéu hoac sai léch do anh hudng moi truong. Bé loc KF
dugc st dung dé:

- Loc va nhan dién xung cuc dai hop 1&;

- Uéc lugng van toc tuong doi va hudng bay clia muc
tiéu;

- Cap nhat vi tri muc tiéu theo thoi gian thuc cho bo
diéu khién.

Hé théng diéu khién dau quét quang dién tl hai truc
(truc nghiéng 9 va truc phuang vi ) dugc mo hinh héa
dudi dang khong gian trang thai nhu sau:

x(t)=Ax(t)+Bu(t)+g(t)

y(t)=Hx(t)+h(t)

Trong do6:

(15)

y(t)= [S(t) LI)(t):'T la dau ra do duoc (gbc tir cdm bién
anh);

g(t), h(t) la nhiéu qua trinh va nhiéu do;

Gia tri uéc lugng bién trang thai tirbo loc Kalman dugc
tinh theo céng thuc:

%(t)=(A-LH)%(t)+Bu(t)+Ly(t)
5.MO PHONG VA DANH GIA KET QUA
5.1. Tham sé mé phéng

Dau quét quang dién tlr c6 tham sé nhu sau:

Mo men quan tinh clia roto theo cac truc:

J«=0,00114 (kg.m?); J,,=0,00157 (kg.m?);

J =0,00158 (kg.m?).

Mé men quan tinh khung trong:

Jyew =0,00184 (kg.m?); Jycw = 0,00187 (kg.m?);

Juew = 0,00178 (kg.m?).

M6 men quan tinh khung ngoai:
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.chz = 0,001 53 (kg.mz); chz = 0,001 53 (kg.mz);
J2ez =0,00142 (kg.m?).
T6c do quay cua ro to: n = 600 (rad/s)

Hé s6 ma sat khung trong cy = 0,05(Nms); Hé s6 ma sat
khung trong ¢, = 0,05(Nms).

Sau khi tinh toan bang phan mém Matlab co:
Ma tran diéu khién LQR:
K:[31,622 3211 0 0 }
0 0 31,622 3,211
Ma tran hé s6 bd quan sat Kalman:
5,049 0
0,248 0
| 0 5049
0 0,248

5.2. Két qua mé phéng

Truong hop 1: Géc dat khung trong la 10 d6, goc dat
khung ngoai la 15 d6, muc tiéu bay thang, khéng nhiéu.
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Q - ---Goc dat
——Goc dap ing
. L . I . I . . %107
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Thei gian 3]
Hinh 4. Dap (ing g6c quay khung trong khi muc tiéu bay thang
_ ABfe==eneemcecozoea
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c
3
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<
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3
o r
3 - == Goc dat
0 |——Gocdaping|
1 L 1 L 1 L L 1 L X|0_1
0 05 1 15 2 25 3 35 4 45 5

Thai gian (s]
Hinh 5. Dap (ing géc quay khung ngoai khi muc tiéu bay thang
Truong hgp 2: Muc tiéu ca dong tron, khong nhiéu.
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Goéc quay khung trong [d6]

Thoi gian [s]

Hinh 6. Dap ting géc quay khung trong khi muc tiéu co dong tron

Goc quay khung ngoai [dd]
. . P

===Goc dat
——Gbc dap ng | .,
6t L I L L L I I I I 4 x10™

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

Hinh 7. Dap ting géc quay khung ngoai khi muc tiéu cg déng tron

Truong hop 3: Muc tiéu co dong tron, cé nhiéu do.

Gac thu tor myc tiéu
= = :Géc myc tiéu qua uée lugng| |
——Goc dap Ung
| I 1 I I I 1 x107
0 1 2 3 4 5 6 7 8 9 10
Thei gian [s]

Goc quay khung trong [dd]
\ o

Hinh 8. Dép (ing goc quay khung trong vdi muc tiéu ca dong tron, c6
nhiéu do

B~ >»
T T

)
&—T

Goéc quay khung ngoai [dd]
[ =)
T

A

&
T

Théi gian [s]

Hinh 9. Dép tng gdc quay khung ngoai véi muc tiéu ca dong tron, c6
nhiéu do
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5.3. Nhan xét két qua

Hiéu qua cta bo loc Kalman:

- Loc nhiéu tot: Trong trudng hgp muc tiéu co déng cd
nhiéu do (hinh 8 va 9), KF da giup gidm dang ké dao déng
do nhiéu gay ra, gitup hé théng udc lugng chinh xac vi tri
va van téc muc tiéu.

- T6c d6 hoi tu nhanh: Két qua mé phong cho thay KF
gitp hé thdng 6n dinh ngay ca khi c6 nhiéu, chiing té kha
nang thich nghi tét véi cac bién déng bén ngoai.

- Cai thién d6 chinh xac: Nhg KF, sai s6 xac 1ap chi con
0,3 dé, diéu nay rat quan trong trong Ung dung quan sy,
nai yéu cau dé chinh xac cao dé€ bam muc tiéu.

D06 6n dinh clia dau quét:

On dinh trong ca diéu kién tinh va dong. Khi muc tiéu
bay thang (hinh 4 va 5), hé théng dap uUng nhanh va
khéng co qué diéu chinh, chiing t6 bo diéu khién LQR da
t6i uu hda dap Ung hé théng. Khi muc tiéu co dong tron
(hinh 6 va 7), dau quét van bam sat quy dao muc tiéu ma
khéng bi mat 6n dinh, cho thdy khd nang chéng chiu tét
vGi su thay déi dong hoc. Kha nang chéng nhiéu tét,
trong diéu kién c6 nhiéu (hinh 8 va 9), hé thong van duy
tri dugc dé 6n dinh, mac du c6 dao dong nhé trong qua
trinh qua do.

D6 chinh xac trong diéu khién:

Sai s6 xac lap nho, du trong diéu kién nhiéu, muc tiéu
co dong, dap ung yéu cau ky thuat cao ctia hé théng dan
dudng. K&t qua moé phong cho thay hé théng diéu khién
LQR két hgp KF gitp dau quét bam sat quy dao muc tiéu
ngay ca khi muc tiéu thay déi huéng dét ngédt. Mé hinh
toan hoc ctia hé thong c6 tinh phi tuyén cao (do co cau
Cardan va cac yéu té quan tinh), nhung b diéu khién van
dam bado d6 chinh xac nhd phuong phép tuyén tinh hoa
va t6i uu hoa LQR.

6. KET LUAN

Bai bdo da thanh cong trong viéc dé xuat va ching
minh hiéu qua cta bo diéu khién LQR két hgp KF cho hé
thong DQQDT. Cac két qua méd phong cho thady phuong
phap nay vugt trdi so vai diéu khién PID truyén théng, dac
biét trong viéc xt ly nhiéu va cai thién d6 chinh xac.
Nghién ctiu ma ra huéng phat trién mai cho cac hé théng
diéu khién trong linh vuc quéc phong. Cac két qua kiém
nghiém cho thay:

- Tha nhat, BO loc KF déng vai trd quan trong trong
viéc loc nhiéu va uéc lugng trang thai, giup hé thong dat
dé chinh xac cao ngay ca trong diéu kién nhiéu.
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- Thi hai, dau quét duy tri dé én dinh tét trong ca
trudng hop muc tiéu bay thang va co dong phic tap, nhd
vao thiét ké t8i uu ctia bo diéu khién LQR. D6 chinh xac
diéu khién dat yéu cau ky thuat cao, phu hgp véi ting
dung quan sy, dac biét trong hé théng dan dudng tén Ita
khong déi khong.
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