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Integrated design of the sightline controller for

automatic target tracking system
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Abstract: In designing the target-tacking system, in order to simplify the system structure but realize more complex
functions, we propose an error-based technique for designing the sightline controller, and put forth a complete project for
active disturbance rejection. In this project the target velocity is detected as unknown disturbance which is estimated in real-
time and compensated by an augmented state-observer. To improve the control performances, a tracking differentiator(TD)
is used as a filter for estimating the target velocity and acceleration. This information is integrated with the measured
values from other sensors for estimating the dynamic states of the target system. Experimental results show that this system
can track rapidly maneuvering targets with tracking-error less than 0.1mrad and maximum overshoot ratio less than 10%,
satisfying the integrated multi-functional requirements. By modifying the software in the controller, this project can easily
be carried over to other multi-functional control applications.
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Fig. 1 Block diagram of sightline control system

W HELRIE B I — s % Rk
M = H(t) - 0y + M;(0o,00) + Ma(0o,00,t). (3)

Horb H(t) 4 BEIEI 11 3 &, M (6o, 60) 42 HH AT
187 13 e A ) SR TR B, Mg (6o, 6,
)R FNAN RS

KON — R IR | AEL MR 7 F. 5
IR R GEA A2 oy IRAEIR. A 7R nT BE D
D IX AN Af v P R 2R IR R, fE AR ORI T
U4 Y7 BB R A RO IXRE, ZERTST A b BR
I R, BB H R (032 3 3dse;, 6 C %0, HIE ST
J, BT H A 4% LR AR R AT 5

M = H - 6; + M;. 4)

K AL M R G S5, HEE N — 5 &
VIR FNANEE TRV TR M, FEB G 3L
FE— 7 AR [a] 4 0k

U R T (R A R AR 1, WERER R 22 A =
0; — 0o LI — I TR R IELL A . hX(3)@)
K, Fi B BV S T B s s R R R
ERRZEI B ) T RN

Ad =W (0o, bo, t), (5)

Ao
W (0o, 00,t) = H™ - [(H(t) — H) - 0, +
M;(0o,00) + My (0o, 00, 1) — M.

R, R 3G B ik A L P A E R4
FT AR (AN S 1 1R S, R 08 10 42 T RG 2

PLERAIE. PRI, ) H ARIz ShELIE O AN BRI R S8 1
THIAE LA 8 (1) JEAC H A R P i, A
BAZEHIRZE A — 0, TR B N F#
Ge G5 K SRR R AR FE .
SR, X TASCHTR X — K HAS AR ER &R

g5, Wk A AR e A Ve %, JLE 5B ke;, 6,3
S 584 JOVE AN, RIJCVE H R LA(5) h FE A v v
P A, DR, A5 S bR Y A 38 SR AL B
B 50, 580,, FEATAN N A H Fris ) $1i20; 506,
NI SEBW  RE v B, A e BEAS 1) 25 3 A 1 T
B DU A 4 ) SR R R I 3 o 5 R AE
Y T A ERAS T R R R AR, R R T
WEfESE 8 R, IR T RAEM B &R A
SCHE AR T BB SRR s A,
327,
3 B ME 2 ¥ I 2% I 25 & 4k ¥ v (Integrated
design of the sightline controller)

H it ¥ B AR (Active disturbance rejection

control)
AP AR SN ) R i) “&k” 5
CHEe MR . R 5 e T A R AN
MR & g U7 [ hrh il s e R & v
ZAHE R R IA 0 RGN “H03) 7, HESO#E
AT TR AME, SIS RGN SR 2 R4k, JF &5
ETDHFHE e PR R A U8 22 Ji 1t 28 il (NSEF) oK 4
RGN A TERE. B PP TS K — S
@2%%[91.

31



1340 E T R A o527 %
I e e
g R B S e il X% 4 5Hiby = —H 1 (t), BT HEHIR N

) u=(-fal(—z1, a2, d2) — Z—z. (11)

K2 Aptdsiilgs 4 HHe
Fig. 2 Block diagram of ADRC controller
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bance rejection controller for sightline control)
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Fig. 3 Integrated design based on sightline controller

34 ZUIH %A H 1k Wb (Algorithm of multi-
function integration)
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4 2% 545 545 R (Experiment results)
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Fig. 4 Tracking error of system with disturbance

4.2 PLE )55 (Step response)
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Fig. 5 Step response of system with disturbance

4.3 B FEFEHE K (Robustness)
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Fig. 6 Tracking error of system when H (t) is changed
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4.4 HB3RESAM TSR (Estimating of the tar-
get’s state)
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Fig. 7 Estimation error of the target’s state

5 4Z5i&(Conclusions)

BT B bn H sl BRI R Gt 2 R i Th g DA
H AR5 B AL B I e (1) 75 22, AR SCHE T 2 0 ) g
PR 25 B 0 AT, B T R 2 LR S R R L
AT FEE N — 28 H iz g R
PIERER R4, B2 T AP HIEOR, 40 T 58310
CEA W T B LRSI 2 B R IRE
LA AL TE Y H BR 1932 31 £ 3808 I 0 LAg i kb
£, DU KRR M3 i s il Pk . [R] A 0k — 20 T R
ERTU A S Al U H bR 112 B0 M R e L — B 4,
HSEPLE LS B bR H ARG TS R
A BRI RESE LA

1) AR R G PIDYE 7 &, %07 Fh % IR
PR 22 H A /N T0.1 mrad, WS PRI GBI D, £
& PR

2) 5 RGAL BRI R T EA L, AR SCPTiA Ty
0T HARIIZ SIPARAS A o1 SRS ff PRt

3) LRI R G B IAE 5 AL BEAE
B, AR BT 1) H AR B 2l R i 2 42 11 4
AT RN AR P I, L sE L T 2 R e
giss, WL T T R, IFRRACT A,

B R C R E R RS S RS
REAWEIT B AU S AT A BE L R rh 4
TR . R S TR e A AR
AR TE T LR B AR A SR R T 4
TR . ST A 2 e s e DR T R SR A
MUPRER R 8 BT 3 ).

£ %2 3 ik (References):

(1] JHRRAR, FORIR, BRIeR:. i KRG HIRER G MI. deat: E
5 okt s, 2003,
(ZHOU Qihuang, CHANG Tianqing, QIU Xiaobo. Fire Control and
Command Control System of Combat Vehicle[M]. Beijing: National
Defence Industry Press, 2003.)

[2] FABNER, RBUEE, . SRR S A P S LEOE T & IS R
EERSIE[T]. Y62 R A2, 2008, 16(2): 265 - 269.
(SUN Lina, SONG Yuemin, DAI Ming. Improving digital-leading
tracking precision for photoelectric platform by complex control[J].
Optics and Precision Engineering, 2008, 16(2): 265 — 269.)

[3] . S A 45t M A5 R8T G o R B e N ). Dl L R,
1988, 15(5): 1 —16.
(MA Jiaguang. Theory and application of compounding control and
equivalent compounding control[J]. Opto-Electronic Engineering,
1988, 15(5): 1 -16.)

(4] FRICHE, JEOMS, AL, LT R HIBE M6 R ER A [ R 5
PRI, D6 RE 3 LR, 2008, 16(2): 221 —228.
(ZHANG Wenbo, FAN Dapeng, ZHU Huazheng. Internal model con-
trol for electro-optical tracking servo system based on sampled-data
control theory[J]. Optics and Precision Engineering, 2008, 16(2):
221 -228))

(5] JAZAZ, BUS R, ERAE HLsh B FrEER M. ARt [FE5 Tk Hk
#k, 1991.
(ZHOU Hongren, JING Zhongliang, WANG Peide. Tracking of Ma-
neuvering Targets[M]. Beijing : National Defence Industry Press,
1991.)

[6] 45, Mo K, B . ZYmdliflah HARIREAL B 2 R
B IS 5N, 2008, 25(5): 831 - 836.
(PENG Dongliang, GUO Yunfei, XUE Anke. An interacting multi-
ple model algorithm for a 3D high maneuvering target tracking[J].
Control Theory & Applications, 2008, 25(5): 831 — 836.)

(71 FRJE. b RS % di e 10 B R QUL DR 4,
2009, 391(8): 74 - 77.
(ZHOU Qihuang. Independent innovation in china’s military technol-
ogy and armaments[J]. Conmilit, 2009, 391(8): 74 —77.)

[8] HANJ Q. From PID to active disturbance rejection control[J]. IEEE
Transactions on Industrial Electronics, 2009, 56(3): 900 — 906.

(91 WhEUHE. APTILIE B ARG VAN A E PR3 IR M.
J63T: EB7 DAl H AR AL, 2008.
(HAN Jingqing. Active Disturbance Rejection Control Technique-the
Technique for Estimating and Compensating the Uncertainties|[M].
Beijing: National Defence Industry Press, 2008.)



1344 oW s N M

07 %

[10] SUN B, GAO Z Q. A DSP-based active disturbance rejection control
design for a 1kW H-Bridge DC-DC power converter[J]. I[EEE Trans-
actions on Industrial Electronics, 2005, 52(5): 1271 — 1277.

[11] ZHENG Q, DONG L L, LEE D H, et al. Active disturbance rejection
control for MEMS gyroscopes[C] /2008 American Control Confer-
ence. New York: IEEE, 2008: 4425 — 4430.

[12] KAk, RISLHR DGR ZAIF RGN B b, b ie 5 M
H, 2008, 25(1): 175 -177.
(ZHANG Miao, LIU Ligiang. Disturbance rejection controller for
photovoltaic three-phase grid-connected system[J]. Control Theory
& Applications, 2008, 25(1): 175 -1717.)

[13] FECAl, Shnti. §oRAS M A FH TS R HHAI]. #5615 0
e, 1998, 13(4): 381 —384.
(HUANG Yuancan, HAN Jingqing. Continuous time system identi-
fication with the extended states observer[J]. Control and Decision,
1998, 13(4): 381 —384.)

[14] RE2K, HAER, Hatil. BB BRSO BT T[], 4%
Hl45 3, 2003, 18(1): 110 - 112.
(SONG lJinlai, GAN Zuoxin, HAN Jingqing. Study of active distur-
bance rejection controller on filtering[J]. Control and Decision, 2003,
18(1): 110 -112.)

[15] BEmease, STMAE, whatil, 45, A Pt i/e I soplsh H AR R Al
TN ], S T2, 2009, 30(7): 158 - 162.
(QIU Xiaobo, DOU Lihua, HAN Jingqing, et al. The application of
active disturbance rejection controller to estimating maneuvering tar-
get states for tank[J]. Acta Armamentar 11, 2009, 30(7): 158 — 162.)

[16] AKTER, BT, EHA. SRR KZERGM]. dbat: FEE; Tk
HiRAE, 2003.
(ZHU Jingfu, ZHAO Bijun, WANG Qinzhao. Modern Tank Fire Con-
trol System[M]. Beijing: National Defence Industry Press, 2003.)

[17] & —, 9K ICHE. B I HIE 0 R R D). H B 18 5 N, 2002,
19(4): 487 — 492.
(HUANG Yi, ZHANG Wenge. Development of active disturbance
rejection controller[J]. Control Theory & Applications, 2002, 19(4):
487 -492.)

(18] JALJR KR, # R IKR, BRIGR L. HLah H Aris sl 5 ) 25 95 R BAR i T
FE[T]. #5515 K, 2004, 19(12): 1373 - 1377.
(ZHOU Qihuang, CHANG Tianqging, QIU Xiaobo. On dynamic iden-
tifycation of maneuvering target movement model[J]. Control and
Decision, 2004, 19(12): 1373 — 1377.)

Y A

ERmESE  (1976—), J, fL, BIEER, H U007 ok KRS
B8RS 5 BBt A%, E-mail: qiuxiaobo007 @sohu.com;

BB (1935—), 3, #dR, D, Hurwros mh i rE B R
45 B Ed 9T, E-mail: zhou_gh2001 @sina.com;

W (1961—), L, Fi%, Wi+A4 M, B ooty ok Eg
SEFERTH AR ZY5AE B FlA 4, E-mail: doulihua@bit.edu.cn;

BARF (1964—), T, BIHAZ, HATHES0 Ik K R 4 51k
PRGN ARG 2%, E-mail: aafe_tkfc@yahoo.com.cn.



