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Complexity analysis of space borne optical remote sensing system

YU Qi, WANG Zelong, TAN Xintong, ZHU Jubo
(College of Liberal Arts and Sciences, National University of Defense Technology, Changsha 410073, China)

Abstract: In order to analyze the complexity of space borne optical remote sensing system and the source of complexity and its forms of optical

remote sensing system were determined by analyzing the whole imaging chain, and the mathematical model of this process was built starting with the

basic characteristics and rules of complex system. Based on the important parameter, namely MTF ( modulation transfer function) , the fundamental

research pathway of complex system was analyzed by combining mathematical modeling and computing, namely combing principle reductionism with

principle holism and combing qualitative analysis with quantitative analysis. Through the contrasting of the mathematical model and the computing

result, on the one hand, the relationship between system performance and these key parameters were figured out; on the other hand, the true MTF

of the system was obtained by using regularization blind deconvolution method. These analyses can make great contribution to not only the image

quality but also the optimization of remote sensing system.

Key words: space borne optical remote sensing system; system complexity ; modulation transfer function; blind deconvolution; regularization

method
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Fig.4 Blind deconvolution method of MTF estimation

®1 SEOTBMHEITSH

Tab.1 Parameter of Gaussian distribution

RS iglcl
a 0.961 3
b 1.349 5
c 4.1554

7 8 9

ol o | O REBUEHASIGWEMTE
: A AR i 2
0.8 :
0 N
% os NG
T i
0.4 !
o |
0.3 \
0.2
0.1 i
0 "f’\(:
1 2 3 4 5 6 7 8 9
A (A
KIS RE MIF 284G
Fig.5 MTF fitting result of the system
&
Zf
Al
sinc
g!
=
i
Al

(a) e RGRIRIEIE

(a) Tmage from the system

(b) 515501y PSF
(b) Estimated PSF

K6 LAl ARS8 MTF A )
Fig. 6 Recognition of different MTF mode

BEAh  MTF 130 X 18 R IR R G BT —
Pl 0 , i 2ok 22 SR 5 S T AR G Y MTE, S
ARGULPRIERER S, A PIAT7 A E AT, —2
A AR . MTF (14 322500 R 2, a0F 1 ¢k
A P A2 2 PR TN 3R A8 B M), T4 08 T S P 14 It
i e ARG BRI TR H A, SRR
PERE S BO TR Z M A 221, 45 IR R it
SE & BB PERE T BRI AR AURLR  $2 71
BRI RGBT K-



<192 -

e AN o 4

5539 &

3 #ig

X B OGS AR R AL A LY
WE9E, LRGPP 1545 MTF Sh % 5] R38R G R
ZMERIRITFE 75, B I8 1 MTF 1E i A2 A5 A
BB MTF 3155 P4 J7 T 70 5 2647 52 P 5
O, WA RERM, XL R R 58,
JBUUEARR I i) SRS A5 396 1) o A AR 45 45 1 07 3, ML
R B 5 52 b B AN Wik Akt , — O i E T
FR ARG IR R GRS L RE ) ST WL, 5 —
J7 T REBHT IR RS R GERIR, A R iz
THBEE LA,

2 % 3Tk ( References )

(1] #EE. RERASTEIEIM]. B EERHET

HiEA:, 2000.
XU Guozhi. System science and engineering: theories and
application [ M ]. Shanghai: Shanghai Scientific and
Technological Education Publishing House, 2000. ( in
Chinese)

(2] S3cde MRIeEEEOR [ M]. Jbat: FE B R
#t, 2011.

MA Wenpo. Space optical remote sensing technology [ M ].
Beijing: Science and Technology of China Press, 2011. (in

Chinese)

(3] #HEE. RER-EIM]. Bl LR AT LR
#1, 2000.
XU Guozhi. System science [ M ]. Shanghai: Shanghai

Scientific and Technological Education Publishing House,
2000. (in Chinese)

[4] LinY, Duan X J, Zhao C L, et al. Systems science:
methodological approaches[ M]. USA: CRC Press, 2012.

[5] Povey A C, Grainger R G. Known and unknown unknowns:
uncertainty estimation in satellite remote sensing [ J ].
Atmospheric Measurement Techniques, 2015, 8 (11 ).
4699 -4718.

(6] EJF. ermiE iR s i S R B4 T Jr i (D]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

Kib: EBFHEA:, 2014,

WANG Fang. Error modeling and image quality improving
method in optical remote sensing imaging [ D ]. Changsha:
National University of Defense Technology, 2014. ( in
Chinese)

IR, 46, B0 PR R 6 18 R R R 8 B AT
FELI]. AiRAR WSR2, 2007, 28(4) : 48 -50.

HUANG Qiaolin, JIANG Wei. A study of the new direction of
space-borne high-resolution optical remote sensor [ J ].
Spacecraft Recovery & Remote Sensing, 2007, 28(4) : 48 —
50. (in Chinese)

ML Ot 2 3 IR G R O B R R B Ak T AR
FLD]. Pi%: PEREBENT A BE (742 6 B AL
WHFEHr) , 2014.

BU Fan. Study on modeling and simulation of optical remote
sensing system and image processing technology[ D]. Xi'an:
the University of Chinese Academy of Sciences ( Xi’ an
Institute of Optics and Precision Mechanics ), 2014. (in
Chinese)

Boreman G D. Modulation transfer function in optical and
electro-optical systems [ M ]. Bellingham, WA, USA. SPIE
Press, 2001.

Rossmann K. Point spread-function, line spread-function,
and modulation transfer function: tools for the study of imaging
systems[ J]. Radiology, 1969, 93(2) ; 257 -272.

Helder D, Choi J, Anderson C. On-orbit modulation transfer
function ( MTF ) measurements for IKONOS and quick
bird[ C]//Proceedings of the JACIE Civil Commercial Imagery
Evaluation Workshop, 2006 14 - 16.

Almeida M S, Figueiredo M A. Parameter estimation for blind
and non-blind  deblurring  using  residual ~ whiteness
measures| J |]. IEEE Transactions on Image Processing, 2013,

22(7): 2751 -2763.

RIGIK, MLLR. — PR LB E N LR Bk 2 5
B Tk (1] [ B B8 R 22 24l 2012, 34 (4) .

79 - 84.
WU Lingda, HAO Hongxing. Research on the regularization
parameter of image deblurring [ J ]. Journal of National

University of Defense Technology, 2012, 34 (4). 79 - 84.
(in Chinese)



