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Image Retrieval Based on Contour Reconstruction and Feature Point Chord Length
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Abstract:  As the most important step in shape-based image retrieval, the description of image contour should reflect the information of
global shape and key points, and be robust to random noise. This paper proposes a new image retrieval method based on contour
reconstruction and feature point chord length. First, the contour of the shape is extracted, and in order to reduce the distortion caused by
random noise, the contour is reconstructed by analyzing the energy retention rate. Then, base on the new defined supportive region, the
feature intensity is calculated at each point of the contour to extract the valid feature points. After that, the contour feature function is
structured by using the chord length between contour points and corresponding feature points. Finally, the shape descriptors are processed
to meet the invariance property. A significant amount of experiments show that, in both normal and noisy sample sets, the proposed
method demonstrates better performance compared with other seven techniques.

Key words: image retrieval; contour reconstruction; Fourier descriptors; fearure point chord length function; invariance
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Fig.1 Contour feature description
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Fig.4 Results of contour reconstruction
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Fig.5 Results of noisy contour reconstruction

Bl g A B T A 45
2 ETHIER R EREIL

2.1 HFE SN
FFAE SR — P A RCRAE TR AR EE B 1 7T 28,2 AR AL 2 Z8 R IR 1) 32 B OG0 A AR SOl I A 44 1 11
SCRFIRK A N 1R 2 2 05 50 R 5 52 a5 22 1) (W B B R A9 126 B e VIR A 5 B, K A A 8 B RS A
PR JEE A ) DR /N BEAT R AIE 5 0% 08, LA DRI S BURFAE A0 1R AT 2501k
b 1) %6 J56 ) 28 28 T S 0) SRR AL BHLJS R 387 Jh ~F TR0 AR A B IR — A S04 % i 8 TR T A D ke s v
— AN B ER, AT B — A PP HER I 2R C={p=(x:1),i=0,....K—1},K FoREEEE 25 AN Ep; A piy S HRAD 55,
TR % R P R B8R pas=p:.
T4 B EAT R — m pa FOAH I I SRR AT i SN
U =APi 1> Piy 15003 Pict> Pis Pisseeos Pivry 1 Pisy 5
b, oy A0 pyy JSCRESRT YA S 5Ly AT Ly A ZIACGRAE B SRS 4
Ak 2 RS 5 SIS, FT LA AN [ K/ ) SRR Ak K A SR 4 A5 XN | pi_y, py ] iy, = R
ey, 2 I Dy, | 7R B py B P A 3 5 R 52 R B0 N SERF I AR A% 5 A LU py s s 35K R 0
AR 5 T DX A Ay 240 TS5 A, T80 T DX 3, P9 /6 5 1 6 JiR 8 BT Ok 240 TR 4% 1 ) S Rp 38 0 188 S e sl i 2 (1 2 300
TERITE DA R S5 5 3 I 52 K R4 PF T 10 SRRSOk HEAT 528 U0 0 A AR A7 A0 1R R BR 2 71 i 2 4%
AN TR AR R BRI DL SRS B AR I AL 1) R, 7 AR SRR DX ) it A AR R A AR AT B
TR R ST TR B
Bl b b 3 i B, A ST P SO I 2 2 5 N T B SR LA py A R TR L 1 I B A R IR
BB pyy TN py WG L5 ) E AR R K L IR B 2 0 p,, A S AR BN I B p,, p,,y, 1EA
SCRFIEL I ERL I p,, pr.,, P3P BRAR A0S S S0 RA) J S AT 0 X3, T SRA I B P DR TR 000 G T B, 2

© PEBEBSAITT  hip:/ www. jos. org. cn



1562 Journal of Software #4F3F3k Vol.25, No.7, July 2014

LIARGEAT R Ll p Ly R A EARI R XN, AR A d P IX S B0 G K AN TR DL R 5l G A
TSN b py iGURS AL 9 3 10 25 5 i SOt S0 A O B T DX PAY U S o 0 I ) R it L, SRS ff M 3 17 o
A B il AR A SCS % R A T A I 6 P,

() SFE KL R AT (b) Bt A AAT

Fig.6 Reference point location
6 % RUENL

BORIA B p; VAR K (x,,00), 5 7% 1L G IARAR N (xe,pe), AT 1 55 9 ) 1 B 29 45 3 50, FRREAE R 2 -
dp)=((xixe Y+ ryH)'"? )
AR08 3R S A T B ot e % PR A R MG v R 6 R I o (K0 8 R AR O R A
ERLIRIE B T AU E LA [30%:R,50%-R]. 5 Jei , R Jad 8 Al A KA 4000, 1k — 0 Bk Jm) 8 L AT — 2 4 A

FERFAE 3 (K5 HURVE i SORF AR R UL L P53 R A e i 58 P VT S PR RBURR BE RN SR (K S 8 8T 7 de
78 T AE T bat 28 H Ar B G B Eodfs i, FC- 2 R A 5 B (¥ 5 226 U — A SCHRF AR R 52T I AR A DLLR
FT EBUAEL VL TR 2 [0, R0), 677 R DAy LTS 4o B 20 16 R DA 1) P 28 A 1 388 031 S 5 0l i O 7 2 K
BB, 05 15 ) AR A 5 PR KA AT AT N PR A8 0T, 25 BR B K R e/ 5% PR K0 s n] 5 2277 A2 (K S Wi AB I ) B 5 2%
Y 24 5 DA 37 T M Sk 7 T SR BRSPS AR AR A B L BN R B e O T SRR B O U
ik 58 FE A H SR T ReUE 020 e W A B AN R KR R AN 2 1t R W S ) el e 30, BT A BRI T 48 K,
RFAE 8 R 7 22 (L DR G AE R=0.221 I BRUPS e R AR, DA — 5 Vi ) P9 DR R 50 v PR B8 Bl e 2 b 2 S e s 7
B3 IR AT TR . DR L AR 8 3 e 5 00 ~F G I, T UM /N IR) R (L, LA 56 509K A0 20 8 JE R T 1 11
U EB, O AR AU B0 5 2 R 5 22 T ol 5 A 4 3 A A5y B 24 I, 0 e BT ) 22 08 DR K 48 ey SR AU M oD
ALK R D AR A R T2 1 7R T SERP P AR RO R A i B BB B30 S I £ 52 .
0.08

0.06 ’/\\-”;'-\‘/— \‘\

0.04 -

H — & IE S
0.02 === R s H s
0221 ‘ ‘ ‘
0 0.1 03 05 0.7 09 1
H— SRR 72

S5 AL 5 Ty 7

0.00

Fig.7 Variance curve of characteristic strength
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Table 1 Comparison of feature point extraction results
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Fig.8 Generation of feature point chord length function
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FT A PR S B I ) 5L R(AB)EN N 5 a B AR B RS/ B R B AT LURBE h(B,A).

3 RWEREITHE
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E 52 HA Jm BR A 7 B P2 K/ BB S50 PR R B 6 R P Bk = 58— bt MPEG-7 bt I3 P A 1 4ok A 1]
BRI AF 2 T2 10N 1% o F) AR S5 R S, vl 2 A [ P B0 58 LS [R) 25 P B A AN [R] 22
He N BB R SR AR SR R SRR 20 2002 5 T MPEG-7 ¥ CE-1 JEAR P AR 1% 1) 74 Set B 4
B 1400 B EE, XSS TERL > 0 70 ASRAFR BB A 20 FPAFEAESR N 22 57 (FEAS IS . Set B 1T I3+
TREE T AL AR AR R S0 R R B, LG TR 3838 708 25 P BE AL ARAR AL 1 SRR I 9 BoR Tk A T
Set B ({1 JEFEA.

@ e AR A
® ol

Apple class Frog class Turtle class Deer class

Fig.9 Some graphic samples from Set B
K19 Set B HHHS S EITEAEA
3.2 WMERBRSHRE

A T DA [R] 500 A 0 1 T A % e 7 P e o R % SR A S T e P A AR Y LA R L) LA A R
SR 5 AR S SRR AEAT BB T A SC B I S AR T T R A B ) i T 0 s () Jeg T s s ok T vk
VLA g bl et %, o vh A0 455 4% 1] B B9 (radial distance, i % RD)H & J7 £, £ 2 4% A4 bk (angular radial
coordinates, i #k ARC)Hfiik 77 vEPY . [73& M 1t Z (adaptive curvature, fi #8 AC) ik 77 1P W AR 45 (polar
coordinates, & # PC)#iik 77 v: PO L K = £ T 1 #1438 (triangular area representation, % TAR) 77 12 75 B 2
AR o 3% R A7 45 3 (farthest point distance, fii#k FPD)AE LA B —Fh 2T il 2 (curvature-based, {7 #x
CB) SRR LE B 4.

AT [ SE B35 2 7E Intel Core2 Duo 2.26 GHz 4 ¥E4% . 4 GB W 4711 PC HLLL & MATLAB 7.1 JFR 58 T 58
JFR) AR AR A 7 T R O B B DR R A S AR BT A R R K P BRCE A 64, 0K AR RS —
RFEN 256 AR FR mL AR SO SCRFIBPE AR B R AE R A B SE IR SR R 45 A, ML R=0.4,T=40%- R 56 )5
R 1 T S0 RE A R0 AR B AL R 7 2 DA P e 86 W 3, A A 12 it il /> 17 e S o v A 2R B2 3 e 7S T 0, A
CAEARFAE 1) 5 PR 4R P ) b mT DA MRS Dy 32,3 BRI M 51 ONIE =11 5 0 3R Bk 3= 5 50 BR 4015 1)
33 WEHRSHH

H i 38 F 10 B G AS R M e VR Al AR v 2 B A R A R A AR U R=r/(r+m), B HE R 52 Lk
P=r/(r+n) b AR R G5 HLaiz 0] J&] o L5 25 iy PR DG (K R B H sme ohy 20 3 B0 ASHER R K H s R IR
TR S G B 5% AELR BE A HY O R B H

10 875 T %A 504 MPEG-T7 Set B s #E UG A h A 42 . kR i 4k, th T AC A SL 50 TP 19 3
o1 Y48 R AR, MR P RS — W B N 40 TR Z VLM PR RE (A FRESRBE)N A
27.82%, R B T 45t TR R PERERR S I 6 B SEE L A SCETVA B B AL A IR S IR 45 R W, 2 A e A A I
FPCL A% 45 21 5 i i) A AE 5, A B W S 034 A8 oA BB S0 h RD AR R M BE &5 FPCL Skl
A AR AR AR A ARAC T FPCL 5L AR A2 KT 70%, 3 i B vl A 2 A 22 10% AL & o
7R B FA U B SVEAE R RSO B34 5 A SR AF A W Y 22 .
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AN 15 PG SR 18] FRY TR AR ALE A7 5 55K 22 50, 3l 2SR AR 7 FAT B 1) X 3 () 22 5 I R T A
A5 T 256 AN [ S BT AR (1 38 1, 5256 b, N MPEG-7 SetB At G e rh B AL 15 25 L 300 i EHGAE
AL BN B T SR rh A ) ) e R T T BRAT SR BB S R R AR S R R R R i B 40
W, I B PP IR AR 10 3 B ARE S FPCL SkdbAT LU 5 R &) 11 pioms.

100
90t
80
g 60 ;E 701
e | —=——FPCL b
£ 4 " RD &
w — o FPD T 50 — = FPCL
[ CB H‘ o RD
200 T TAR o FPD
LY rC ] —%CB
o ARC | L ‘ W—— :
0 20 40 60 80 100 0 2 4 6 § 10 12 14
#5452 (%) TR
Fig.10 Comparison of P-R Curves in MPEG-7 database Fig.11 Comparison of retrieval adaptability
for images from different classes
10 MPEG-7 R/ 1) P-R £ AR 11 SRIA] B AR R 2808 B L

TSI 45 v FPCL 5591 4E 2 1 25 (beetle class)- £ 4 J5(chicken class)« 2% 9 J5(guitar class). 5 13 Z(teddy
class) L K 55 15 Z(horseshoe class) T RIS RD SHVEAH Y, 3+ Box 8 T 9 2 & T FPD I CB &3k A R P ge.
MFLR AR 1) 52 56 45 AL Ml 28 7] %0, FPCL S8 < Jofth 3 P LR 1 R H B AR 7058 6 2K(device
class) IR R TH T 1F 2 T 87.3% M PR 2.

9T RIS EAE R PRI T AR R AR, AR SCHE Set B (9Lt b 2 57 7 AH I [ e 75 B 2R bl A Y H
A5 e TR AR T [ st P s BT LU 75 I R AT Set B IR 70 IR 2 B LA R 20 2, 060070 46 T 0K F e s 1] 15
TE 0 B AL e ST 7L N I S (4 I L 152 b 40dB,35dB,30dB,25dB Al 20dB X 5 ANk, AT A4 e 2 000
T e 7 TR 200 ol P e P ) 75 T R A b o A DA B L v RS 0 TR A A Gt 11 12 s,

WA\ & :
L[ LRl |
) —
LS ' ‘
R 20dB 25dB 30dB 35dB 40dB
.—b
R 20dB 25dB 30dB 35dB 40dB

Fig.12 Generation of noisy database

P12 MR P A A

# 2 WoR T S MR RENL = TS TR EREE N IR R E T LUE B FPD S B — 5 (W A IS
PE AR SRR R T FPCL 1 RD 535 RD BVETE M 5 i K 5 20dB I, 2 AT 65.40% 1) F 4K 2 3 2 gk
FEAR A 40dB $E 1% 20dB B FPCL SN FIK RABAFRET 1.74 AN 4w R R CR B B T A Bk,
TR TR M R R R L 13 P R T R A R AT 20dB L4 Bl R M RE R AP IR I B A e L A v ER i
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2 I TN AR A 1R 0 B 42 R FPCL VL I B v e dty vy 1 AR S0E 3R W) T2 A (R e AR BE T B LA
(1
Table 2 Comparison of experimental results
F2 RRERHK

T 75 0 i 40dB  35dB  30dB 25dB  20dB
FPCL | 76.12 7598 75.81 7539 74.38
RD | 68.56 68.01 6729 66.63 65.40
FPD | 64.83 6449 6407 63.58 63.02
thg CB 63.26 62.65 62.14 61.67 60.19
7k | TAR | 60.80 59.44 5736 5542 53.03
PC 55.12 5476 5459 54.12  53.97
ARC | 48.05 46.61 45.19 4322 41.30
AC | 27.10 2674 2633 26.09 2587

100

80

601

EUER (%)

401

20

0 20 40 60 80 100
A (%)

Fig.13 Comparison of P-R curves in noise database

Kl 13 B ) P-R O£kt

h T VR 2 BEEAT 4007, AT 14831 T FPCL,RD,FPD Ml CB 75 M 75 [/ [ |18 4T N AR ki & 11 CPU “F-3
FEI 15 00, L b JRE AR R T R ER N R) 23 00 A 114.3ms,82.8ms, 110.9ms A1 318.1ms, VC F I 6] 43 51 & 1.539ms,
1.451ms,1.533ms 1 2.08 1ms.i% 45 R B 7R,CB WITHE 52 4¢84 0 8 T H A 802, RD il T R% 18 T 4% ) R 593X
— PR %, S FE T 45t /0 FPCL 1 FPD ¥ VAR I 55 ok 240, I v JFPCL 75 B34 7 58 30 7 A A fge (B A iE 12 67, 17
FPD 75 ZE7E TR A B0 30 A (%) 2 it b e ozt U EAT BN 28 T 07, 3k 0 B80T 5500 52 20 88 T AH S 38 o AN o 24 P
R AR A FPCL 713845 TR 2R J8E 119 TR] Bk £ 15 >R /I id F4D 78 Bk 58 01 A A2 8 I 58 s 7 ] LA 2 RSB L 2 )

4 ZRIE

FEFE T TR I B GG 2R A0, A 8 (0 8 S I T AR T R AR AR DL AR A RS AR A5 R A AE AN A2, HLE 75 T3
At K R M A 2 S e AR AL A R RO R LA 1 2 TR S BRI PR 290, AR SCH Y — vl o 8 5 o 24 A
ARRE AL 253 520 A il o HIREA T P A5 2 A SRS £ s e S I Y S ik btk S A 7 o 2 S A, 1 AR B (10 2 B
SELFHAREL T H AR A AR AR L AR SRR b, ST 17 0T R P e s ) A D T A R R S TR IR A I S 1 5
Wi 30 3T 52 SR S BR324 R s PR A 5, X 5 JSE R SRR S A2 [ 1R DG AR HEAT T 70, ORAIE T 45
il SRR AT R 4 H (KR A A 524K B R AT RO IR T 1 A 28 86 (e X 4 8 1 S vt i 5 AT ) — 4k
AT 5 75 2T AL A P AN R R IR IER A IR 1 S 5 A SCNFEAS AR 3R« FEAR PR 73 A 38 L B I 7 A
AFERIZRIZ 3 AN FIETEREREAT T I RPF A, A SCRRAE T PR A S o, o iy 1 W e i T AR G SA Y
KRR AL AR ARSI AR SCERAE 20dB BEHLEE A5 T30 1 H9-F- 2R F 0 74.38%, i HAtl LU AL 2
7> 8.98 AN 11 40 ki KB S 45 BB 7R, A SRR TO R A AR W R A IR 00 22 A0 M 78 A IR 8 A AT WS i T
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