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Design of optical system with wide field of view, broad

spectral range for space target detection
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Abstract: To achieve wide-area detection of space targets, we design an optical system with a broad spec-
trum range (400~1000 nm), a large field of view (61°), a small F-number (1.38), and low distortion. This op-
tical system is capable of detecting space targets with a magnitude of 6, enabling wide-area detection for
space targets. Initially, a mapping between the radiation model of space target detection and the optical sys-
tem parameters is established. The optical design is then theoretically analyzed using a reverse telephoto lay-
out as the initial design configuration. The design is optimized to balance and correct the severe chromatic
aberration resulting from the large field of view and wide spectral range, while improving enclosed energy

and considering the roundness of scattered spots. Finally, The detection capability is verified through space
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optical simulation experiment and physical experiment. The results show that the optical system meets the

wide-area detection requirements for space targets with a magnitude of 6. The overall design of the optical

system is reasonable and compact, meeting the requirements of wide-area detection of space targets.

Key words: space target; wide-area detection; optical system design; large field of view; broad spectrum
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Tab.1 Design parameters of the optical system
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Tab.4 System focal length and its relative variation at

different temperatures

MRE/ °C 10 15 20 25 30

FEBF/mm 26.966 26.983 27 27.017 27.035

ZF4E/um 34 -17 0 17 35

x5 AEEET, BOBENZENE (BAL: pm)

Tab.5 Relative change in centroid at different temper-

atures
A4/ W
R/ C

0 0.3 0.5 0.7 1
10 0 —0.341 —0.581 —0.851 —10.553
15 0 —0.171 —0.292 —0.427 —5.300
20 0 0 0 0 0
25 0 0.173 0.294 0.430 5.347
30 0 0.347 0.591 0.865 10.742

43 RFRGLRESN
TEIA G I THBE A T, 320t v R G
HATAZEIINT, AT ERAUNZ 6~ 7 PR

*o6 NEHEE

Tab. 6 Tolerance allocation table

\ R BEIRG BRI . JCEHRG JCERR
Il /mm &) @) b °) )

2 0.03 0.01 0.013 0.001 0.01 0.013

®T DEDHER

Tab.7 Tolerance analysis results

AZESMEERGT  RUESSIE (RMS)/um 3x3{8TThRERE

90% EF12.13 KTF81%
80% 1F10.93 KT87%
50% fF8.801 KTF91%
20% hF7.18 KF94%
10% H#7°6.50 KT97%

H17¢ 7 Al A, AE6l 2 LR A2 RERITEOL T,
3x3 G ou N Y RE B PR TE 80% HTEOL T
KT 87%, REMS I A2 25 6] HART M K

5 RF RGN AR S BT
51 SN ERE

B JIE 2 A aT I 3 B A A BH %) et et
Eqn N573x 1074 W -cm™2, NI HE H LR SR A

A, A
m= 2-51g(Esun/E)+msun s (9)

s mgn MR BHI SRR SE, BN -26.7, ENfR
AR AR AR IR EE R

e 522 18] HARRIDGAE R G BTG, il
123 [RGB RGE AR A S A T
SEEGIAIE . BWE— 1 mx1 mx1 m B9S2 7R H
bR, AR A0 BRI 0.25, FEI 75 AR 3B (1]
WE R 30 ms, FFBEE AR FGE RFSHL

MR RSB T A, SRR 43 1)
HARIES THRI, Wt vh o0 B A 3 i g B Ax,
HrUL R R A2 H ) — B L, 23S AE SRR
XX 46 H AR SEA TR, X5 AS [ 25 2 (8] H bR Y
BEMZE R TE0T. FH B A R AR 2] 1
M5 FANE 15 Frn, 26 8 il T —4F e 25 A
H s A [ 5 b 000 g 67 B o AT L, AR SO i
TR . 5861 25 ) B ARG 2 40 0 5
MBS TF SR, BUE T AR B IER T
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(a) Night space target detection
at night in dag

(b) Pz a] FARERIAG B
(b) Space target detection
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Fig. 15 Equivalent simulation verification results of space

target detection capability
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Tab. 8 Detector’s responsiveness at different distances

for a specific spatial target

e ] BAnY Al SR Ak A TR B ERAFR

PRI 2 /km (W-m?) (Mv)

1 596 3.392816e-11 6.40

2 486 4.996750e-11 5.95

3 376 8.164583¢-11 5.42

4 265 1.603319¢-11 4.68

5 89 1.395472¢-9 2.33

6 44 5.523866¢-9 0.84

7 22 2.192820e-8 —0.66
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Fig. 16 Physical image of optical system
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Fig. 17 Scene image of outdoor experiment
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Fig. 18 Identified space target detection results
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Fig. 19 HIP7499 detection result

=9 RMEE NI LIGUELE R
Tab.9 Experimental verification results of detection
capability
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