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Abstract When a satellite photoelectric imaging system is carried out on detection and recognition for space
point target imaging, the point target will produce the phenomena of dispersion and striation because of the
influence of diffraction and aberration of the system and the relative motion between the system and the target.
A mathematical model of target imaging dispersion is derived based on the visible light reflectance characteristic
of space target and the point spread theory of system, and the effect of diffraction and aberration on dispersion
characteristic of the target imaging are analyzed and simulated; the relative motion relationship between the
system and the target is analyzed. Expression for the striation length on image plane of the target is deduced
within single frame integration time, and the influence of orbit altitude and observation angle on the striation is
studied. Results show that the aberration makes dispersity increase and intensity of image patch decrease;
striation length increases with the target’'s orbit altitude reducing and observation angle increasing under the
condition of certain parameters and orbit altitude of imaging system.

Key words imaging systems; satellite photoelectric detection; space point target; dispersion and striation;
modeling and simulation

OCIS codes 110.2970; 110.2990; 000.4430

1 51 5

TR HOE RS 2 S5 025 ] AR (R B TR PRI 5 5 R 2 ) 2 R Y A T B AR I
S 0 T 5 R 52 0 W 5 0 T R B s S I 2 i) B A T T A T R
B, R R 0 R 0 R R 5 S B T R L 3 T 2 i B AR A B L T

WS B A 2014-03-03; B 15 2058 B 83: 2014-04-08; [ % H B H #8: 2014-08-18

EE B B &0 (1990—), 5, WL F g A, FEENFOR 50 . B AR 5 15 50 77 1 /9 Y
E-mail: lvjianming_1990@126.com

S UM @ v A el (1967—), B EAz, B A S 00, 38R 6 X T AR .
E-mail: niuyx@buaa.edu.cn(il {7 B 5 A)

091101-1



51, 091101(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

Ot L BUR R 8 AR 0 0 B4R AL AL |, DT T80 508 2 AT A IR0 Bk i O e, 6 s ) E A A R R
S5 4% () 53 B H R FL AT S N A

2 [ FL7E 1996 4F & 51 B9 b BO B TL A (MSX) "2 48 1 0] WG A& I8 (SBV) , JT I 1 K HL 23 ) W 0 %) 5
T, SBV {15 5 Ak 1 25 38 o 48 B H A5 04 2 5 B, S 2s 8] H AR A FR Y, Levesque™ & i T — 5 T il %
i 1 TLR EH ARR I 5 i, O S TR A B R AR, P R AR BT T A D/ AR AR I S R R
T A5 ) 2 (8] H AR e Sk o A0 AR AT TR SE . (AT R S BR S B R H AR AE CCD 8T F R,
1 L H B 43 SR A v 97 43 A R ASTAUL AN AR 0 SR R 1 38R U AR 2 X SR R P 1Y R R 43 AT
o YA PO R ORI Hsf 23 ] A R 25 1) AR D) 1] 3 HEAT T A0 AT AR R R R K R EA T E Y

AR SC LA 7S (8] B bR B 1 5 O R R GBS R SR, EE S T E AR R R R B ) B A S BT

TRGES WX IZE LR S T HARER T 1 LR 0 2638 20, BUE R BIIESE T 25 ) 25 H bRl

TR VR M R R S S e DR 3 DG R A9 BT ORI R B A 5 e DR R AR R AR, 2 R T Dy B O AR
18 3 50 G A B0 HR AL B0 S Al , o 2 8] /N H BRAS I 00 Sk i i 4R 5 %

2z (A H AR FEAR T L ) ok ORI

EBOCH R R R R s T DA LD BB RS . 25 1 B ARG W5 5 1% fi i B A2 #0
Je LS AT SR IR R IR AN B ORI Bl [R] A 220 W i T2 5 R BR R A AR 8 A A RIS 2 X R R
FRPERISEMR o ol TOLSE RGEATH AR 2255 N, B 5 AR B AP TSR — /N R s a]
T AR SRR D AR R O R AR R G AR R R, 20 B S 18] H AR 28 R G0 RAR I SR B L R A
LR o T 45 HARE R H A R WUk M AT 0 A S5 5T

space background
illumination

target reflection

;

entrance pupil

illumination
system wave
abberation
target star magnitude|

at the entrance pupil

system transfer gray value on the
characteristics image plane under
ideal condition

|

dispersion characteristic|
on the image plane

PR L kR e O R R

Fig.1 Dispersion characteristic model flowchart
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Fig.3 Relation of irradiance on detector entrance pupil plane, reflected angle and observation angle
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Fig.4 Point spread function (PSF) and its x and y profile of system. (a)~(b) PSF distorted by diffraction; (¢)~(d) PSF
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Table 1 Parameters of the detector

Parameter Value
Spectral range / pm 0.38~0.78
Field of view /(°) 1.4x1.4
Frame integration time /s 0.625
Frame sizes /pixel’ 420%420
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