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related linearity analysis

PU Xiaoqinl, DONG Quanlinl*, YU Zixiaol, ZHANG Simingz, SHAOJ ingyis, LIU Yenan3, WANG Junwei’
(1. School of Instrumentation Science and Opto-electronics Engineering, Beihang University, Beijing 100191, China;

2. China Academy of Space Technology; 3. Beijing Institute of Spacecraft Environment Engineering: Beijing 100094, China)

Abstract: Based on the working principle of the semi-active laser seeker, this paper analyses the
relationship between the output signal of the four-quadrant detector and the position of the target. The distribution
of the spot energy detected by the four-quadrant detector is obtained, and its linearity is analyzed.Three different
optical systems featured by a single-lens, a double-lens group, and a triple-lens group are designed, respectively.
Taking the spot illumination information as a reference, the linearity of the optical system in a certain scope of
view angle is analyzed. Finally, an optical system with a linear field view up to £8° at a view angle of £15° is
developed.

Keywords: laser seeker; optical system; energy distribution; linearity

WS EHA: 2019-08-27; {EEIEHA: 2020-05-22

Sl : HAIE FEHK ATH F FLZAUAFF] A HFE R G R REMEDHT]. AR BT LA, 2020, 37(3):
303-309

PU X O, DONG Q L, YU Z X, et al. Design of optical system for semi-active laser seeker and related linearity analysis[J].
Spacecraft Environment Engineering, 2020, 37(3): 303-309


http://dx.doi.org/10.12126/see.2020.03.016
http://www.seejournal.cn
mailto:htqhjgc@126.com

304 TR N 7 N A Y - #37%

BUAR S e 2R W, A i 1) 3 Qs B v g
HARS S E R TR, S31LENEOH S
EES Rz s, Lk REAF SRR BRI O ] &
B T R . T 51k IO R 4 il
LB TR, Hrotss RGE YT 51 Sk i 2
P, HE BTG H AR S AOHOE AE R 2400
e b, IO PRI R ) O R TR S e A A B
32 H AR T G045 2 # Rl AR H As 5 A (5
S SRR AT LA SN H AR BRI T e Bt
FARGUL R BRI 45 LR R R E TR T
R FIHERIE™, SR 0 BN % R G5 S I R B
AE B A A FEIEAT VAT AT

AT HOL R TR AR B, #ES R
BRI HARBOLAE 5 15 2 H bR 5 AR A 15
SRR, o HotREE R SR ] . £E AR
BB 3 B0 RS IR E LI TR E
ITEIEBERE R HEAT 70 M ELE, A B A DA fl o ) 45
FEJBRATH A2 06 TR RE 2 1R 2 M R AL 32 4 SR 1)
MRS
1 BObRSIkT/ERE

2 FFHWOLT 51 K AR JF L AN O
TR B R 22 52 A 33 9 A% (RO IR 1) H BR )
b, 2] G O R 2 5] kAR HARTE
LA PSR SO WS EEL &SI B RN ERAX VLN
B H b A IR B8 S R BOEAE T 1 DY SRR
28 11, S5 o R A 1 B R B A AR S AT 4
B A2, 45 2 H bR SR O AE DY R RGN 2 _E iR
HIhr BAE B 10 SRR 1240 BAS B2 5 #
I B R MK R AE LA B S 3 (R AT 3, Al
B IE I /AT J7 ) B 2 AR AE X H AR, A s2 B
il P L AE -

VU SR BR PRI 25 2 4 A e il — AR 4L AR ) SR
JGIFES, B RIRX AN 1B HRLE S M, om
EREPNANINFSESOR AT & SIS libPiot  RITR AP AN
RGBT ST s s A2 . H AR R AHEORZOk % &
GUIL TR Ja 5 U SR BRAR I 4800, K 4 A SRR %t )
RIS 5 2R AT A0 22 Ab Bl T LA 2D BE O AR R
W& RO B AR, B EARAE T Ak B A B
Ho T UG 2] HAROEHE, /R A T
J6 R G R ARAL, JLFEIR AN 1 FroR, HAh R A

4 AR5 5 ALB. C. D R, EATI OB A
BT A Ias I Ies I

A C

2 2R!

N/

1 PURRRIR &
Fig. 1 Schematic diagram of four quadrant detection
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Fig. 2 Angular position vs. current deviation
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Fig. 3 Schematic diagram of spot energy distribution
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Fig. 4 Radial distribution of overfitted irradiance curve
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Fig. 5 Radial distribution of irradiance
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Fig. 6 The single-lens optical system
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Fig. 7 Irradiance map of the single-lens optical system
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Fig. 8 Linear fitting of the pitch angle of the single-lens
optical system with the output electrical signal
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Table 1 Pitch angle and output current data for the single-lens optical system
p 0 0.5 1 1.5 2 2.5 3 3.5 4
I, | 0.0098 | 0.0465 | 0.0862 | 0.1269 | 0.1661 | 0.2078 | 0.2482 | 0.2905 | 0.3319
p 4.5 5 5.5 6 6.5 7 7.5 8
I, ] 03319 | 04297 | 04803 | 0.5339 | 0.5945 | 0.6669 | 0.7453 | 0.8237
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Fig. 9 Polynomial fitting of the pitch angle of the single-lens
optical system with the output electrical signal
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Fig. 10 The double-lens optical system
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Fig. 11 Irradiance map of the double-lens optical system
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Fig. 12 Linear fitting of -1, curve for the double-lens optical
system
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Table 2 Pitch angle and output current data for the double-lens optical system

p 0 0.5 1 1.5 2 2.5 3 3.5 4

I, | 0.0101 | 0.0669 | 0.1237 | 0.1809 | 0.2415 | 02947 | 03541 | 04149 | 04731
B 4.5 5 5.5 6 6.5 7 7.5 8

I, ] 0.5358 | 0.5892 | 0.6497 | 0.7071 | 0.7673 | 0.8327 | 0.8886 | 0.9441
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Fig. 13 The triple-lens optical system
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Fig. 14 Irradiance map of the triple-lens optical system
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Table 3  Pitch angle and output current data for the triple-lens optical system
B 0 0.5 1 1.5 2 2.5 3 3.5 4
I, | 0.0068 | 0.0658 | 0.1197 | 0.1818 | 02361 | 02925 | 03532 | 0.4140 | 0.468 4
g 4.5 5 5.5 6 6.5 7 7.5 8
I, | 05249 | 0.5828 | 0.6413 | 0.7012 | 0.7565 | 0.8149 | 0.8720 | 0.9295
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