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Optical identification method of space typical targets based on combined
multi-feature metrics

ZHI Xiyang, HOU Qingyu, ZHANG Wei, SUN Xuan

(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract; This paper proposes a new method based on combined multi-feature metrics in order to meet the
requirements for identification of satellite local targets. Firstly, we analyze the local physical characteristic of
satellite, and construct the local component fractal clustering parameter sets of the fusion morphology multi-feature
metrics. Then, a component-clustering model is formulated based on weighted combination of clustering features.
Consequently, an optical identification algorithm is proposed to deal with the problems of image degradation and
partial occlusion in optical imaging of space targets. Based on the recognition probability in its practical application,
the efficiency and robustness of the recognition algorithm is improved by using optimal weighting coefficients in the
iteration of particle swarm optimization algorithm. Finally, using four typical satellites and Galileo satellite scaled
model, the performance of the identification algorithm is analyzed and verified. Experimental results show that the
algorithm is able to identify the satellite component and the identification probability is no less than 0.95, in the
case of low contrast, SNR being 5 and severe deformation and mutual occlusion of the components.
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Tab.1 Typical satellites and corresponding physical characteristics
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Fig.1 Typical satellites and local component characteristics
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Tab.2  Fractal clustering feature and weight coefficients of the body
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Tab.3  Fractal clustering feature and weight coefficients of the panel
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Tab.4  Fractal clustering features and weight coefficients of the antenna
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Fig.2 Frame and flow of target identification algorithm
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Tab.5 Descriptions of fractal clustering features
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Tab.6  The matching probability and target identification results

. ESENUN MR AR VT e RELVLE.  DCECHEHET
PEHE R RS PR SR ()

A 0.10 0.40 0.95 Kk

B 0.40 0.90 0.35 LR

o 0.14 0.40 0.95 Rk

D 0.40 0.95 0.35 LAk

E 0.96 0.25 0.10 AAK

3 RR] Sy S e I i

31 HEXLBRERSHT

D EBEFEA . O T2 1L K His
(HST) , K 13.3 m, Fif2 4.3 m, &P K 11.8 m,
F& 2.3 m AU PRSP0 TR R Z (NE 3 (a) ) ;
QDA 2. B SHIE T4k LA (TDRS) HA WA H
7R 4.6 m BRI KL A1 20.7 m A9 IR
(K 3(b)); @ T A 3. @4 #H %R
(& 1(a)) ;@ TR 4.5 62 Ry 3007 B2k
A MR 5 TR (SAT) (A& 3(¢) R %
BEAALS mIEFERBARIK 6 M 3 m 58 1.5 m 1Y
WRLARE , JH H A7 T R T 350407 %) AL A 2 B+ S R ) 7 )L
PR, TS A RMBE M KA, % H 50%.

BRI EMGANA MTF (4% 28 B R 32 N 19 4% 5
PR 7E[0.05, 0.15 ] Z [A] ) = T BRI SNR 7 2,
7] Z IR0 i A s SRR LG R G AR A
AR T4 5 & £l ah 51 15 5B k. 8 i oAz
TR HUEARE LA LRI 2 5 H AR 2 5 A X
Ty AL AR AR [ -90°, 90° ] A X HE 25
M 10~3 km (AR [AE T 58 €5 BAF LIRS A
T A AL 5 25 PR AR08 GRS Ol B AR 2 EA.

K 4 3 e T TR R AR T R A 1
B A R MR KCOE (SNR = 5) A8/ 000 T 119 B
PG ST GRS T AR 3R E A e 37 ot AR 1)
HbR LR 550 25 3 B F R iR, AL LA 4(b)
TEFE 4(F) TIA 50 Wty 51 BG4 B bR o 45 4%
(W32 7.8) M), U BRI B e e



- 48 - MoK O T

5 48 %

(b) TDRS TLA

(c) SAT L2

3 MBTEAHTRE

Fig.3 Schematic diagram of on—orbit typical satellites
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Fig.4  Results of the target identification ( The targets to be
identified are marked by green numbers)
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Tab.7 Target identification result of single frame image in Fig4 (b)
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Tab.8 Target identification results of 50 sequential images in Fig4
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Fig.5 Platform and equipment of semi-physical experiment
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Fig.6 Target fractal clusters and identification of multi-frame sequential images
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Tab.9 Target identification results of 50 sequential images
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