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Abstract: Treating the shape contour as an unordered point set and extracting shape features from it for fast and effective shape
recognition is a challenge task of shape analysis. To address this issue, a complex-network based shape description and recognition
method is proposed in this paper. In this method, a self-organized dynamic network-evolution model is built for providing a hierarchical
description framework. In each moment of the dynamic evolution of the complex network, local and global measurements are performed

against the network shut that both weighted and un-weighted features are extracted from the network. At the shape matching stage, the
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local matching (based on Hausdorff distance) and global matching (based on L; distance) are conducted using the obtained local
descriptor and global descriptor respectively. The dissimilar value between two shapes is determined by combining the two distance
measures. Several standard test sets are used to evaluate the performance of the proposed method, and the experimental results show that
the proposed method can provide robust and fast shape recognition in high accuracy.

Key words: object recognition; complex network; shape description, shape matching
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Fig.2 A leaf image sample of self-intersection (left) with its contour (middle) and parametric representation (right)
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Fig.3 An example of graphically illustrating the proposed dynamic evolution scheme for the complex network
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Fig.4 All the im ages in the Kimia shape database!**), each row corresponds to one object category
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Table 1 Retrieval results on Kimia shape dataset

F 1 AE Kimia FARWERE F RIS R LR

Algorithm 1 2 3 4 5 6 7 8 9 10 AP(%)
Shape Contexts!"! 97 88 83 79 81 78 73 73 65 58 7828
CPDH"(R R Z I L M Se I s BRI ARSSSCik) 98 94 95 92 90 88 85 84 71 52 8576
Complex Network!'®! 97 90 82 8 8 73 73 69 56 49  76.67
The proposed 99 99 98 98 97 98 95 92 78 78 94.14

P2 MG T A4 )75 55 Shape Contexts!' > I Complex Networks! 8V i1 52 4% 26 1ty b A i B Ky & it
) 7 S — A R Bk G R B BT A TR B AT DS E () B 1), 06 AR S 36 2 3EAT 99 I DB 9 o 1) A 122
R LAE A SRR I B S T 0.16s BLSE M T — IR AL 22,1 2 4L f¥) Shape Contexts!* U 2 4E 9%
19.58s, HLRE I 1L AR SCHR H 0 7925 122 45 A A998 HE 102 A SCHE H (19 75 ¥ 28 T Complex Networks!'™ 7 i %
ST DR b AR S 0 7 R B 4 SR R AR DL S, AT T s B AR AR VS I, T 5 38 SGHAT T 2 R FFETL IS AN 2R A
S BETAS F R RIS BRORG FE P AN 7 1L, A SCHR T B T2 5 RN & T 1.
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Table 2 Retrieval time on Kimia shape dataset

&2 1E Kimia AR S L 1942 I [A]

Algorithm Retrieval time (s)
Shape contexts' ™! 19.58
Complex network!"®) 0.05
The proposed 0.16

5.2 MPEG-7TRIRMiK &

MPEG-7 AR UG S ZE VR 57— A F - AR K 2Rk B DR A (0 A v DU 4, 1% 0 4 £ 70 2R (52K 20
AMREA), B AL 1 400 MEEHR ARG FEA M E 5 FTR). 8 2R EE L 32 R TR RAS R M RE VAL 7 vk 2
“bulls-eye test” PRI HIR IR Ke PG PE b (05— ANFEARAE S — AN A v RE AR, BRI i 1) A3 A A Tk
AT 22 S PR LOIR AR 5 A4 25 S B (D REAT pl /D BIORHEP 80T 2x20=40 1F G 5 Al R AR T [ — 8 AR A
BEL R r), WA r<20,7H 5T 1/20x100% A AE 49 12 B W FEAS AT R 2, 0151 1 400 MG RAE A R 2 1134
1B AR Ay A~ DA ) K2 22 %6 (bulls-eye test score).

Lo d

oA i/~
-y =y | o
Pk NkBATD
TONM O o x

Fig.5 Part samples from the MPEG-7 image database
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Table 3 Retrieval rates on MPEG-7 shape dataset
3 A MPEG-7 RIS LA 2%
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Table 4 Retrieval time on MPEG-7 shape dataset
R4 A MPEG-7 RIS AR 2= 1R]

Algorithm Bulls-Eye test score (%) Algorithm Retrieval time (s)
Shape Contexts ™! 76.51 Shape Contexts!™] 328.77
CPDH!" 76.56 Complex Network!'®! 0.16
Distance Sets!"! 78.38 The proposed 1.91
Complex network!'®! 62.40
The proposed 78.18
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EFTER 1 2 SEUG K A TR Kimia I3 A0 FH 21 00 2R 6 50 22 BE AL HL 23 50 B 25 20%,40%F11 60% (17 25 (] 6 45 1
T XA TEARFE BREAT % 15 00— A1), e e 45 31 3 AN 4 A2 45 31 03X 3 AN TS IR IR 46 Hh 43 31l 847 Kimia
PR, L0 45 RAEK S ha R BRI RUR AR B,

o o 4 . S
ol ."\ 2 ; ’J " Cu’\ Ry . :)"3 - . ‘\;.:
- N ) L3 (¥} - .
‘,,\ o, .....-nl’_/ N — e} e QIR e, -~ %
s i - Foo A
. . :
S } —_— ‘ J .
] e FEPL o Y TN ; wet
s “ ‘ s e o . % P % P Y
A s s B AN} e . [ AR .
3 RGN | H ) 2 8 * s
;"('j 7 A g PRt R 7 P
D P 5y R A . i,
s P - L8 e e A 5. " A ,: .

Fig.6 Three contours (from the second left Figure to the fourth left Figure) obtained by randomly removing 20%,
40% and 60% of the points of the original dog shape contour (the first left Figure), respectively
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Table 5 Experimental results of robust performance test

F 5 7 Kimia b RET SRR S0 50 45 1

Degration levels () Algorithm 1 2 3 4 5 6 7 8 9 10 AP (%)
0% Shape contexts'™ | 95 89 84 79 78 77 73 66 62 47 7576

The proposed | 99 98 96 97 95 92 89 88 77 70  91.01

—40% Shape contexts!™ | 96 86 81 76 76 75 70 62 55 41  72.53
Theproposed | 99 97 97 93 93 84 76 79 69 59 8545

—60% Shape contexts™ | 89 81 78 74 74 62 57 54 52 42 6697

The proposed | 94 88 87 88 76 79 73 74 63 55 78.49
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Fig.7 Shape samples distorted by random Gaussian noises of different intensities
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Table 6 Experimental results of robust performance test (noise interference) on the Kimia shape dataset

Fz 6 7F Kimia b7 & #6401 SE 56 45

Noise intensity (dB) Algorithm Il 2 3 4 5 6 7 8 9 10 AP (%)
SNR=40 Shape contexts™] 9% 91 8 79 78 75 77 68 60 55 77.07
The proposed 99 97 97 97 95 96 92 89 84 66 92.12
SNR=35 Shape contexts' ™) 95 90 8 79 719 75 73 67 63 50 76.46
The proposed 99 97 97 94 94 92 90 85 8 68 90.71
SNR=30 Shape contexts'"! 94 88 82 81 79 73 73 64 66 49  75.66
The proposed 99 97 94 96 94 91 90 85 15 65 89.49
i Shape contexts'"! 94 8 84 72 77 70 69 59 54 46 7182
The proposed 94 92 91 94 91 8 8 75 67 55 84.24
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