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Object Contour Extraction Algorithm Based on Biological Visual Feature

WU Jing' YANG Wu-nian® SANG Qiang'
(College of Information Science & Technology,Chengdu University of Technology.Chengdu 610059, China)’

(College of Earth Science,Chengdu University of Technology,Chengdu 610059 ,China)?

Abstract Object contour extraction from natural scenes plays an important role in computer vision. However,it is diffi-
cult to preserve the integrality of the object contour in cluttered scenes because of non-meaningful edges engendered
from texture field. Recently,the task benefits from a biologically motivated mechanism called as surround suppression
(SS) that can preserve the object boundaries while suppressing the texture edges. Nevertheless, the traditional models
just adopt a simple combination method of intersection and union that fails to process the short edges with intensity re-
sponse. This paper proposed an improved natural images object contour extraction algorithm based on biological visual
feature. Firstly,a candidate edge set is obtained by multi-level suppression method. Secondly,an edge combination method
based on biological visual feature is used to combine candidate edges to a completed contour. Experiments show that the
proposed method improves the accuracy and integrality compared to the traditional surround suppression methods.

Keywords Contour extraction,Surround suppression, Visual feature, Edge detection, Natural images
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Fig. 1 Surround suppression model
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Fig. 2 Flowchart of multilevel suppression algorithm

() T L — (b5 — (O H =
K3 fiAfemal G s
Fig. 3 TIllustration of bionic contour combination

2.3 MEHNHEREAEHIE

Wb BT IR, 220K 5 95 38 O R i T AR 38 B B
PRGN R A G MBI N % . (R R — 2
F) B B 5 AN BB IF B kb B — 2L PIST A Al N0 2% . Bl anAE 8] 3 s
X 3 MR BT B 40/ %k e, 22 K301 35 0 4

R FEAL T, TE 0 4 38 O A O — AR O R
MR ARG = P /N 2k . AR S5 — 28 2R W B DA Ko
FLYYH A 1 R E T i 4 2H BL ) e N 5
AR IR BT A B T W A ER . TV*R’FE‘JE’M’EFHT N
MBS K R TR R TR EA G B — LR IDE Y1
*E?)?‘?i"ﬁﬂﬁﬂmﬁ?ﬂW“EQI%:E"JL??@%%?&JH%}L/I\JQ%#
Vo 3 A St A A A K BB 6% B R B TR I — SR 0 T A kL S

LI JUA R0 % Jm T B b 5 TR 0 — T 43 9 AT R P el O i 4
e TR N S A B R AR B 1] TR S S AT B AR R
JE e T FEER A AN % W, AR DL E AR W R AE
ARSCHR M T — R AR R A A T v . AR R i & Y AR I

FAETT RE S HALE R0 G R A %30 4 )8 T 48 R A 4 )
ML, [a] A 2R A P S 2 py 3 G i 2 L TR 4 2 T L

LR T AR MR R . X TR SRS T
— NG e MABIN AL LR e, T H B0 DL D7 10 A

JE OO . WNSRARIR N5 M/ &5 1 — H G2 R
LUWILGIE T B AR s R . LR po 1Y
SESXLIE

b= N (10>

Horpon E:fﬁihjirﬁﬁﬁﬂ%g& T N S22 BT AT 0 38 P A7 18 1 55 8K
AR, 0 F0; & AT S MBI N D G0 T, H
Yo T NSRS 1< 10 2 L TR I 30 2 B9 K MG, R
AEER AR TS, dy e R BEAE R py S SN

=g 1D

Horbol B HT G T Lo N BT B 21 I BE TP Y

FRAE . B — DG m O LS R p o LF .
p=Xe*p. =X p 12

Hor 240y TR S 2R A AR SR BT o AR, LTI

500 B 1, ARG A AR T 3 () BT B f 20
W TR LD % e ARSI AN /DI S, 22 NRE BRI S h HEBR . 7

B 3(b) 1%k e T AW R ILL A0, AR 2B HERR . T AE
[ 3Ce) 3%k e F0 BT T A% M 08 3 4k AT LA — > R 2 Y

Kl SR T B TREAGHAGIR, 2k RERE—
AR BAE pa Cpa =0. 95) AR 433 LA G 9 7 5
ble)=p=>pu, (13

3 EWERMON

TSR A SCAR A R A O AE Y, S 4 e BT SO R
CLO-11 P iy 1 98 PRI K 4 o A 1 A% G 40 DX i 50k 2
IRV B 7 1 A R A SO H Y T A TR B PR AR RO 4
AT T HARRE SR
3.1 LBHER

Kl 4 JRRT 3 FVEES RIS LB 25 . Hop A B3
TR R F 3 R VR I T A0 IR T 36 R 50k X
[R]85 Y 250 1 PR A5 B Ak R 7 5 26 2 A AR U D o TR 4R L 1R
LB bR FE BT A 58 A0 DX ) R 4 MRS TR A B i A5 R
Z KT AP DX B3 0 A5 B 00 25 R LA R AR SO R AR B A



284 AN I A

2018 4F

J . ARG AN DX Bk X 2 HORY B L R R ] A
WRSMRBE DL W EN /D L EREREL W%, W
TR GLI 22 K S 7 16 k2 06 4l /N 30 5% 04 Ak BB BE 7 L O BLATTE i
WOPRBEI AR T HE DG R se e hm . NI &5 1T
VA B AR SCHRE Y B J0 3 B 1 DR B9 0 L e B B9 3 %

(7] I O B0 ORHT 20 A8 3 AR BT A 5 3k BRIV i A S X
B E AR S, AL RE S BN T b A B . AR T, W6 R LA AL
AL /NI S LA RO T 58 HE Y 58 B AT LADR B L 100 9IS B A
/N0 % U DAAGE 3 300 % PP B o P LR R B3 Y e R O

mse

() JE % (b) B A 4 B

(LGS Al
st gk

() ZIRFAMCAMH] o) AR S0 1 45 5
sl g

P4 PR 50 R 42 U 1]

Fig. 4

3.2 BUSHR

HAGIEAG R T —Fh 58 1 5 01 i O SR T AL Bk M e
SCHR 11 56 B0 AG T B F A A SR -

F=Lty 1 (14)
€I 1_|_[d(,,1dix)]2
Hif,C=max(Card{DC} ,Card{GT}), DC 3R %KM 5
BIFC IR RUR s GT Rom B AR BRI 5052 56 0 FHAE L B2 i 5
s Card BN TH AR EE S WIR RS dor () R
BEA 2 #1GT ME/NKEIER 40 I F¥4 DC5GT Z
VB 1) 2 5 (AR SCR I SCERCIT AR HEIRUE 2) . XADERET
G I 2 6 5 SIS 2 TR R AR B, R (R R L SR A T A
FREA . R T R Y S5 A o, S i S HE 5
S 2 1B A AN R R WIS I 4 M B T R B R A
BRI e LA R RRE M, NRE FIEM BRI S . S
P L S AN S NP RO NI SRS E R e N
W PERE Fo 8RS 4 B & 40 Y A 20 I H AR ER .

BRI (12) TP A BE R AT X 7 A R B X 0k
RIS, XHE o WE A 2. MHIKF o B8N 0—4 3

Illustration of image contour extraction

S5AG. SRgEit TAE X HUESE 0. 1~0. 9 WL BEE Y

geitPERe. WE 5 PR U MERAE BUA R 0. 4 B BRIE B
ik B ik,
04270
04265
~ 04260
< 0425 |
B 0420}
= 04215
T 04210
B 04235
04230

04225
01 02 03 04 05 06 07 08 09

RESH(X)
Pl 5 AR SCH A O TR A A TR U T B 1 g

Fig.5 Performance of proposed method for different weights

FoO A LR 3 P L M M. Sk 280 b i)
KW o BEE N 0—4 3 5 A A SCEE PR R ECE 5
RAGIE 0. 4. X HLEY & 07 R 8L S B o PR R AR B0 P I AR
BEN0.6~3.5, M RBEE o BALE /NI, A DA ] 8 0 45 1Y
RF S AR AHAR /N S BTG WA M i 20 B A 3 25 L P9 ke 5 2R 5
JERAGHI B vk A PE AR XY O PR DR RR OO B 2 R
o=>1 I 4 ik e s O d % HEAE T L B8 1R 0 A U 1 R IR

D http://www. cs. rug. nl/~imaging/databases/contour_database/contour_database. html

? http://www. cs. rug. nl/~imaging/papari/J ASP/results. html



=

10 M ROE T AR

FEAE B4 F b 58 50 2 RO vk

285

Bz 1 Th o A R o BRI I U0 ] 9l 4% B9 RS 22 Rk
S % SRR A T e AG I A RE 4R T OF R WL IR R o
P AT K. T 6 FIPE 7 435 S e T 7E AN TR A 3 RBE
o T ARRSIEEPABda e LRGN F . WEPIR. A
PR BT HA Iy

15 20 25

RESHa

K6 FktERegsIt(D

Fig. 6 Performance statistics (1) of different methods

15 20 25

RigsHKa
H 7 SRRt

Fig. 7 Performance statistics (2) of different methods

BRIE AL S A Wy L SE A SR 8 L I ) A 2R
PIPLE R GERY SEARRE o A SOR AR WAL SE R A F B 5 B
PRI B BUS T A HE B8R . R ) A X e o 7 L R
NI GAR IR AR T AR GRS o R T FE B 0 A R AIE S
TR SO A R o TN T Al gk — 25 A 2l ) e R 0 2%
A0S0 PR 3 25 0 AT DX A3 o DT SR IR 36 o7 A ) 5 i T 80 B IX
SRR AT 0 o Ak B R AT OROR ) B ST I

2 % X M

[1] CAVANAUGH J R,BAIR W,MOVSHON ] A. Orientation-se-
lective setting of contrast gain by the surrounds of macaque st-
riate cortex neurons [ J]. Society for Neuroscience Abstracts.,
1997(23) :567-579.

JONES H E,GRIEVE K L,WANG W, et al. Surround suppres-
sion in primate V1 [J]. Neurophysiology,2001,86 (10):2011-
2028.

CHEN G, YANG Y H. Edge detection by regularized cubic B-

[2]

[3]
spline fitting [J]. IEEE Transactions on Systems,Man,and Cy-
bernetics,1995,25(4) :635-642.

[4] NALWA V S,BINFORD T O. On detecting edges [J]. IEEE

Transactions on Pattern Analysis and Machine Intelligence,

1986,8(6):699-714.

[5] FOLSOM T,PINTER R. Primitive features by steering,quadra-

ture and scale [J]. IEEE Transactions on Pattern Analysis and

Machine Intelligence,1998,20(11):1161-1173.

[6] QU Z G,GAO Y H,WANG P,et al. Contour Detection by

Thresholding the Gradient Image in Spatial-frequency Domain

[J]. Computer Science,2012,39(10) :286-289. (in Chinese)

L7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

iR R R, T A s R A (43 00 % G A
I [0 AR, 2012,39(10) - 286-289.

BLACKM J,SAPIRO G,MARIMONT D.et al. Robust aniso-
tropic diffusion [J]. IEEE Transaction on Image Processing.
1998,7(3):421-432.

MA W Y,MANJUNATH B S.Edge flow:A technique for
boundary detection and image segmentation [ J |. IEEE
Transactions on Image Processing,2000,9(8) :1375-1388.
GRIGORESCU C,PETKOV N,WESTENBERG M A. Contour
detection based on non-classical receptive field inhibition [ J].
IEEE Transection on Image Processing,2003,12(7) :729-739.
GRIGORESCU C,PETKOV N,WESTENBERG M A. Contour
and boundary detection improved by surround suppression of
texture edges [ J]. Image Vision Computing,2004,22(8):609-
622.

TANG Q,SANG N.ZHANG T. Extraction of salient contours
from cluttered scenes [ ]]. Pattern Recognition, 2007,40(11):
3100-3109.

YAN C,ZHANG ] Z. Contour detection based on multilevel in-
hibition [J]. Journal of Image and Graphics, 2012,17(6) :664-
670. (in Chinese)

=1 L Bl ML 2 K ST A DX ok 1 A A I L ). o [ IR AR T O 2
4 .2012,17(6) :664-670.

YAN C,ZHANG ] Z,JIANG Z M. Contour Detection Based on
Surround Inhibition and Markov Model [ ] ]. Journal of Universi-
ty of Electronic Science and Technology of China,2016,45(1):
135-140. (in Chinese)

EE L TR 22 0 L BT 2K S X EEN IR
BORE B A N 3k [V, d TR 2224412 2016, 5(1) 1 135-140.
PAPARI G,PETKOV N. An improved model for surround sup-

)

Lj/_’

7N

pression by steerable filters and multilevel inhibition with appli-
cation to contour detection [ J]. Pattern Recognition,2011,
44(9):1999-2007.

TANG Q.,SANG N, LIU H. Contrast-dependent surround sup-
pression models for contour detection [J]. Pattern Recognition,
2016,60:51-61.

LIN C,XU G L,CAO Y J. Contour detection model using linear
and non-linear modulation based on non-CRF suppression [ ] ].
IET Image Processing,2018,12(6):993-1003.

WU J L,LIU Y J. Contour Detection Model Based on Color Op-
ponent Receptive Field [ J]. Computer Science,2016,43(7) :319-
323. (in Chinese)

S BRF X 52 — BT B 1 PR A2 BT 09 A8 A I A 2
(. LR, 2016,43(7) £ 319-323,

SANG Q,CAI B,CHEN H. Contour detection improved by con-
text adaptive surround suppression [J]. Plos One,2017,12(7)
1-13.

GEISLER W S,PERRY ] S,SUPER B J,et al. Edge co-occur-
rence in natural images predicts contour grouping performance
[J]. Vision Research,2001,41(6):711-724.

HESS R F,DAKIN S C. Contour integration in the peripheral
field [J]. Vision Research,1999,39(5):947-959.

DAKIN S C. The detection of structure in Glass patterns: psy-
chophysics and computational models [J]. Vision Research,

1997,37(16) :2227-2246.





