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Analysis of SNR for space-based imaging detection of space object
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Abstract: According to the optical scattering theory and the orbital dynamics, mathematical model of
equivalent magnitude of space object was established with Bidirectional Reflectance Distribution Function
(BRDF) by region classification, grid division and vector coordinates transformation. Combining with the
noise resources in space-based imaging detection of space object, mathematical model of Signal-to-Noise
Ratio (SNR) was put forward. On the basis of the structure, material, background and orbit parameters of
the object and the orbit and performance parameters of the detector, equivalent magnitude and SNR of
the Space-Based Infrared System (SBIRS) were calculated. It shows there is about three magnitudes
difference in equivalent magnitude during the observation time, which leads to the correlated variation of
SNR. The simulation results illustrate the validity of modeling method. The dynamic analysis of SNR for
space-based imaging detection of space object is achieved.

Key words: space optics; space object; space-based imaging detection; equivalent magnitude; SNR

s B .2014-09-16; f&iT B #3.2014-10-19

EL£A . 1R A ARSI 4 (61308101) ; £ VT4 FAIHT A BA & J& 313 (IRT0705)

EE A PV (1984—) , 55 1 223 8] H ARG 35 55 UG R PR D i | A 5 0y 45 T B F Y
Email:sunchengming2008 @163 .com



% 54 TR F A B AR R R AR IR M AZ R 5 A 1655
IR RILLL S Z2 8 (Space-Based Infrared System, SBIRS)
051 & R, AT T HBRSEOR SR BRI (e L 9 7

] B RGE WAL S 2 DA . RS2
) H AR #EAT 300 5 32000, 28 BCH AR IR RGE VB
TSR, X HARRR R AT IR 2R A0 e, 15 52
12 (8] H AR WK 2k b O B s . AR
W8 S T 25 HL AR 5 1% 00 85 2 1l 1% A 00 T S 300 X 25 (1)
H AR BRI 5800, o W 3R G B AR AR i %
BEMA  (H & 5y 32 G SR I 7] 55 2% 1 BR 41
AT R R BRI LRE ), RIEEM RS Y
ORI R R W R 4038 i e AE L R A% L
WA | B IR B TC Sk L AT A R A S BX 2 (] H bR
AR SR, 5 bR G AR L, RIEIE R 58
BARZAG W WL RIE  ARK A TAESFE N,
YERARBEEMAREN AR TBZ —, 250  Hir KA
AR 4 AR 52 3 o b 22 1 5G 1

{7 M L& R G2 3l foy I L H R R A, XK
HOLE By Bt S E R A EE N R
SCo RTAFME L oA, B AT RS TAE, 2% 3
BR[2-5 13 T 15 M Lb 1530 A AR O v | 2T 18 S agt
PS4 1 25 [ HARERIGE 5, 455 MR R U4 A
TS ) H R ME RS, S T A (] HARRIAE M L
) — MR A, S THECE A S B0 T 25 6] H bR
PRINAF MR L, SR, 25 18] H A 2K T80 G A FAR Y 18 S S
T, A A AR R 45 S S I i R Sl 2L 18 S S S R
FEAE DRI, 25 78 SO BRe 1E 47 25 (8] B AR RIS 5
ST ANEUER AN  FEFS AT B 23 ) H AR R
Pt 204k TS m A2tk b, 5 B AR 096 BRA 1 AR
D ZRAA DG BRI 36 T 7 fb 2 8k 47 28 6] H AR
PRI M LT H 8 AN BB S B b 2 2 1] H bR 5B 21 |
20 BE TR BURRME Dy 50 S T A ARG T 5 PP A R
HOGAE A P BERG I T MERE

SCHVAE 23 TR H AR 0 A M b e f R E  HE
ZEME ST BOR A E R RERS 00 1A H ARk
B SR MR X 1) S 43 A R B (Bidirectional
Reflectance Distribution Function, BRDF) #4171 =5 [H]
ARG 5 50 b, 382 % i AR AR AR e i 2 T H b
P BRSSO IN 252F, dar 1 s ) H PR A s R A Y
BAA 255 235 0] H AR K BUGHR I A e 75 ok R
N T 28 (] H AR BRI M L A B eE AR DLZs R H

FOTS @A () BLAE R n] O R A6 8 i 5 56
B SIEIE R R BER DN S5 PP A R (I HOR 4

1 EigEE

A H AR G5 R R A RHRRPE 8 SREME (B
TR S I 0 O PR AR B E HARTE I 2%
AR 77 A i g o, B H AR S0 55 o IR 2%
HIPERES B, 45 A M 7 R TR, B0 B AR 2E BRI 444 1
A AE S RIS e B RIS R L
1.1 EYEEER
1.1.1 ANRRE

48 (K H bR 2 180 7 A WA 1 Y J A8 T vk %t
T bR AAEAE—E B R PR Bl F T TAE B AS Wi
R, %3 BRDF BEAE 04l iR H 5 3% 00 S0 ek o
BRDF 2 i1 Nicodemus'® T 1965 4E 45 Hi Y , 42 M 4@ 5t
FE2E A AR LRI 0 BRI b4 2 T S S Re
MR, A R R S %) B S e S B RN S R
FERLLAE, i & 1 BoR

Incident
ray g,

Reflected
ray

i
i

— ¢ . i
- I

. i

1 BRDF & XLl 7= & [
Fig.1 BRDF geometry

k=08

) :dLr(OU(Pi’Or’(Pr’)\)
186 =0 00 M

A0, MAFRTARMITHAAA ;6, ¢ IR
THF AT O£ 5 A MK dE, B AL, g A 54 BERE A
FHRSE B

28 5 I AL T 2 R B bR 2R AR
BRDF F1E7 | 454 HARM S5 RS20 0 T B AR e
ANTRILIN S5 AT 1 S S AR ) A T 3 AR A 45
. M, F A BRDF 8 A REfER




1656 ik IAR

% 44 %

FET HAR S HRRE AR X B bR 2R i A7 X
BT AR R 43 i 2 Bros . JETOREH  HARA
PRI ZS A B R | 8 2 % B A AR AR B B = 2
] B AR B AL B DGR, B E AR 2 I 1 T Y 6 HE 5 )
AR J7 1), A FH BRDF 15 AR 1 AE 3 00 2% A
fiAh = A= BB A B JE K T A R TR DT A S, A5 )
HEA HERTEGE I8 A S AL = i e &

Region 4

Region 1 /

,f “‘TZ‘%‘

" Region 2

Region 3

P 2 DX I fift IR A i 43

Fig.2 Region classification and grid division
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Fig.3 Surface element detection geometry
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Tab.1 Physical parameters

Material properties

Object Region Dimension/mm

Type o/pm a/pm p/pm

Polyest
Body 2100x2100x5800 Ofylesor 0.02 085 0.9
11m

GaAs
(Front)

Sail 4200%3900 Black

paint 1.08 7.97 0.07
(Back)

0.13 2.14 0.3
SBIRS
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Parameter Value
Entrance pupil diameter/mm 150
Focal length/mm 600
Transmittance 0.6

Pixel size/pwm 15x15
Pixel number 1024x1 024
Quantum efficiency 0.7
Exposure time/s 0.1
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