%48 A% 11 air sk LA 2019 4 11 A
Vol.48 No.11 Infrared and Laser Engineering Nov. 2019

ESAHASIIEXIRERFIRED N
M A AR 2 AN AR L A

(1. PEARFREELFHEIRE WEH R, T4 K& 130033;
2. KAEMFFR, FH K& 1306005
3. PEBMY FEELRD O LEstim X ERRELEZRE, T &M 471000)

OB ARSGEAEFINENAMRE, AR THEFIN LN AREZNGRR, FoHT A5 AT
KAFRARRE, AL, SN THAFIRAAF ZAFPRMNELEREZAS T3] kN AW w1
R, NBAGXBAFIN AR ARG IAERE, HBERAFHTHEEAFTIAMNAXZ; &
RATREBFZEFINRMARE, 2N THREZABELENGZERE;RE A4 — RERGARE
WA, LS L P o T kAR T A RIR AT TRE, %%I%Aum;ﬁ dﬂ&ﬂinu # 2.5 mrad 4K T
Imrad AR X PLEBAABXNRLFINEFTRAPHEMNEE ZRBET Mk, MR
= T ARG MR F 5] kel A

K@i BESMN; HABEXMAEBAFAEME; FEHMAEFIK; FREFTHR
FESES: TIT65 XHEFRER: A DOI: 10.3788/IRLA201948.1105007

Error analysis of direct writing calibration system
for laser seeker

Chen Yang', Yang Yanli®, Sun Tingting', Chu Hairong', Miao Xikui®

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. Changchun SCI-TECH University, Changchun 130600, China;
3. Key Laboratory of Electro—Optical Countermeasures Test & Evaluation Technology, Luoyang Electronic Equipment Test Center

of China, Luoyang 471000, China)

Abstract: In order to improve the angle measurement accuracy of laser seeker, the source of angle
measurement error of laser seeker was studied, and the error of direct writing laser seeker calibration
system was analyzed. Firstly, the influence of the optical system in the laser seeker and the detector
installation error on the angle of the seeker was analyzed. The relationship between the angle of
turntable and the angle of seeker under idea conditions was given. Secondly, the working principle of the
direct writing laser seeker calibration system was introduced. Thirdly, in order to improve the angle
accuracy of the calibrated seeker, the installation error of the calibration system was analyzed. Finally,
according the analysis method in this paper, the calibration system error was corrected, and the seeker
zero error was reduced to within 1 mrad from 2.5 mrad before the calibration. The conclusions of this

paper provides an analytical method for the precision requirement of the structure installation in the direct
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writing laser seeker calibration system, and thus improves the angular measurement accuracy of the laser

seeker after calibration.

Key words: error analysis;

homogeneous coordinate transformation
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Fig.1 Projection of the target on the four—quadrant probe

of the seeker
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Fig.2 Layout of direct writing laser seeker calibration system
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Fig.3 Relationship between error source and calibration result
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Fig.4 Direct writing laser seeker calibration system
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Fig.6 Target spot captured by the CCD camera after

adjusting the target simulator

X 5] Sk 2 R H AR B R 25 1Y )
Br, A LR IEFR 2 R G AFAE BB BR 152 25 24 0.71 mrad,
T A2 51 S DU A A FE 225K o RIS IE TG 1Y R 48 58 L
Sk bR E , B HEAT VR T HE e % 180° /i Il 1y S 4% , 1%
)5 5| Sk AR A0 e i 0K A RN A A 2R O 7 fR B Al A
WEAM AL R R 7 i . T LR R 55
kEA R Z/NT 1 mrad, 520 % 2% K8 T 45 E &
S5, 3% # A/ T 0.71 mrad, HAES 4 ok I T E
U 1 0 Ah R M

— Azimuth
Elevation

Azimuth angle and
elevation angle /mrad

40 1 L 1 1 I L 1 I
0 20 40 60 80 100120 140 160 180
Roll angle/(°)
[BLE IR PV N R R [P S
Fig.7 Angle of seeker changes with roll angle after adjusting

the target simulator
5 & it

O i T ES KEOE T 91 kR 2 R G A
TE 19 25 T 22 X #0655 Sk W M s, E AR
Pl UIREWSMAMARZEIA LR o T ML
Bt I BRI T 51k H 08 A2 IR 22 51 R i
fiR 25, I 6 20 L AT IR 2R o SCH X H AR
PR R 22 L 5l Sk AR TR B 0 R 2
T AR A BB 22 HEAT 0 AT, #EAT /N AR R 2R AR AL
2 W B B A S AR R T A WA R 2 L ok

Fo N T I/NPRAE R G DR 22 AR RE AR I R 2
B WhR e S R, T A A A R R AR 2 R 445
TR R E F ALk 2E 1 2.5 mrad /N2 1 mrad
AN o SCHR R E5 IR RE 8 0 B 5 0L & 91 Sk dn
ZRGE I BR 22 2 A B R KO 3R R R E A B o SO A
K5Il T 2R AT ) H A4S 8007 3 19 2 9
H ARG

S E 3k

[1] Cai Yi. Photoelectric Precision Guided Weapons [M].
Beijing: Weapons Industry Press, 2011. (in Chinese)
£ O I R RV I\ P | AT W A 1
2011.

[2] Meng Xiuyun, Ding Yan, Jia Qingzhong. Hardware—in—
the —loop Simulation [M]. 2nd ed. Beijing: National
Defense Industry Press, 2013. (in Chinese)

W5z, T, BRI RS EIMIL 5 2 b b At
Bl7 Tlk. i AL, 2013.

[3] Deng Fanglin, Liu Zhiguo, Wang Shicheng. Design and
development of the hardware —in —the —loop simulation
system for laser seeker [J]. Acta Simulata Systematica
Sinica, 2004, 16(2): 255-257. (in Chinese)

Ay, KSR, FAL. BOBS S kR R E RS
Beit 5 0] & e g4, 2004, 16(2): 255-257.

[4] Fan Shipeng, Lin Defu, Lu Yulong, et al. Design and
achievement of hardware —in —the —loop simulation
system for guided shell based on laser semi —active
seeker[J]. Infrared and Laser Engineering, 2014, 43(2):
394-397. (in Chinese)

TG, MAEAE, B, . BOBH S R LI E R
SRS S B]. L0405 0L TR, 2014, 43(2): 394~
397.

[5] Liang Weiwei, Zhao Hongpeng, Yin Ruiguang, et al.
Study of time delay characteristic of HITL simulation
system for laser angle deception jamming [J], Acta
Armamentarii, 2018, 39(6): 1178-1185. (in Chinese)
TR BRI, BREROL, S O% AR IR U T A 2R St W 1
TN ) FE R R PEWF R 0T]. J% LA, 2018, 39(6): 1178~
1185.

[6] Wang Yunping, Zhao Changming, Li Yan, et al.
Hardware —in —the —loop simulation system for laser —

angle —deception jamming [J]. Infrared and Laser

11050077



%11 4

bl ok TR

www.irla.cn

% 48 %

(71

(81

(91

[10]

Engineering, 2012, 41(5):1217-1222. (in Chinese)
ErfE, BICH, A, AF. WO M I T IR S e i 1
I RG] A5 5 HOE TR, 2012, 41(5): 1217-1222.
Shan Jiayuan, Liu Zaozhen, Li Zhongwu, et al. The
hardware —in —the —loop simulation system for the
guidance system laser guided weapon [J]. Computer
Simulation, 2002, 19(2): 15-17. (in Chinese)

LT, X2, B, 4. BotH S R Sy Bk
BRG] HFE LR, 2002, 19(2): 15-17.

Sun Hui, Liu Hui, Luo Anzhi, et al. Calibration of
seeker’ s pointing error based on model linearization
and least square estimation [J]. Optics and Precision
Engineering, 2015, 23(7): 2060-2068. (in Chinese)
PV, XV B ayn, S R RS AL 26 1 Al A0 B R A T
M 5] k4R RS EE AR E [J]. 6% K E TR, 2015, 23(7):
2060-2068.

Lin Defu, Error

Fan Shipeng, Wang Jinran, et al.

analysis and correction for hardware —in —the —loop

simulation system of laser guidance weapon [J].
Infrared and Laser Engineering, 2013, 42(4): 904-908.
(in Chinese)

VUL, MEERE, TR, S SO S AR 2 S U5 LAY
D220 S IE D] Z040 5 O T A2, 2013, 42(4): 904—
908.

Gu Guohua, Wang Jiajie, Chen Qian, et al. Camera
parameter calibration based on two -dimensional
rotating platform[J]. Optics and Precision Engineering,
2017, 25(7): 1890-1899. (in Chinese)

R A, EAEA, BRAR, S 4ERER T A T AL S B

FE]. J62 K% TR, 2017, 25(7): 1890-1899.

[11] Xiao Weiguo, Hao Chong'en. Research on error for a

[12] Xiao Weiguo,

[13] Zhang Jinsheng,

[14]

(1

5

1105007-8

three—axis flight simulation turntable[J]. Acta Simulata
Systematica Sinica, 2001, 13(5): 678-680. (in Chinese)
MO, RS R =R AT B R 22T ] RS
H 4R, 2001, 13(5): 678-680.
Er Lianjie. Error analysis of radar
guidance hardware—in—the—loop simulation [J]. Journal
of System Simulation, 2007, 19(11): 2461-2463. (in
Chinese)

HOE, R Wkl SR O R0 U] R
15 224, 2007, 19(11): 2461-2463.
Wang Shicheng, Xu Ping, et al.
Development and demarcating of diffuse reflector of
laser guided weapon simulation system [J]. Journal of
Optoelectronics Laser, 2005, 16(4): 421-424.(in Chinese)
kA, EALA R, AL WOBH S R AR B R SR AT
S WF i bR 2 [T, S HL T - 0k, 2005, 16(4): 421-424.
Yelun. Modeling Motion: the

Xiao of Spacecraft

Theoretical Basis of Flight Dynamics [M]. Beijing:
Beihang University Press, 2003. (in Chinese)
Hll A& L 25 i K 4 32 3l 9 L AT 3l g 2 A B il

[M]. dEst: JE AL 28 i K Q2 ik, 2003,

] Ren Shunqing, Gao Kang, Zhao Hongbo. Measurement

method of perpendicularity, axis intersection, alignment
error of five —axis simulator [J]. Journal of Harbin
Institute of Technology, 2015, 47(10): 1-6. (in Chinese)
FEMUNG, i T, AUk P oA 5 AR R AR S R X o R 22
B 3T 1 0] W R Dl R 24 2 4, 2015, 47(10): 1-6.



