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Randomized Hough Transform Circle Detection Algorithm
Based on Sampling Constraint

CHEN Shuyue, LI Jiansen, HUANG Ping, XU Lai
(School of Information Science and Engineering,Changzhou University , Changzhou,Jiangsu 213164 ,China)

[ Abstract] In order to reduce the detection time and improve the accuracy of circle detection in image,a randomized
Hough transform circle detection algorithm is proposed. A random sampling point is selected as an endpoint of the circle
diameter and the candidate circle is determined by constraining the range of the candidate circle diameter. Then the
candidate circle is divided equally into n parts and the true circle can be judged by the evidence accumulation at each
direction. The error sampling points are eliminated through clustering algorithm and more accurate circle parameters can
be obtained by least squares fitting on the true circle. This can solve the problem of large amounts of invalid sampling
accumulation due to random three-point sampling. Experimental results show that compared with RHT algorithm , ARHT
algorithm and BRHT algorithm , the proposed algorithm has faster detection speed and higher detection accuracy.

[ Key words] sampling constraint; randomized Hough transform; clustering algorithm; least squares method; circle
detection ;invalid accumulation

DOI:10.3969/j. issn. 1000-3428.2017.10. 043

RGTHRFEI R, 2 45 92 P R R R

0wt gk Hough 728 ey SR 1) [) L, 25 b it 7 58 e

TETH S HLRL 58 0, A6 1 4% v ey I — A
HULTT A AR A B 6 A A g I R SUR A
[ 3% FFT AT 5. Hough A8 4" Jt Pl 5 A 241 450358 M Pl
A5 RO 8 19 g 6 7 1 FG DB RS A R 5 = ] o
F14 il A0 i) AT 80 o 2 50 s T ) g L G 0 ]
RIMGETHS B 6] (9 85 f K R ) 2 B
JI R 1) 2 % {H Hough A% # Jir 77 %2 19 A7 i =5 [4]

JEWEVE £ 2 $ 1. Bl ML Hough 7% i ( Randomized
Hough Transform ,RHT ) 7" J& % I i — Fh oie ik 5 &,
L BENLIEIR 3 55K 3 R E B 1 SRR B
23 [B] ) — 53, M PR S Hough 25 $6 f i £7-fith =5 18] K AT
SRR IR (BT 25 3 OR B  TC RO 2R . SR [ 8]
P TREALIEI 4 g 4 R IR X 4 SR E
BB A e [, A5l T 4 s IR A 3R/ A 2 1

E&WE:EXKARBA RS WX X G2 5 Y 5 AR 5AE Y 52w 2 HO EBF5E 7 (51176016) 5 VL9548 77 2% BF IR 4 B 97 4 e M 4%
PER AR I 2% S 80003 1 S S R BF R 5 TR T (BY2014037-11)

PEE B A BRI (1963 —) 35 3082 10 40, E0F 7 0] S PRGN s 2 A Ak B 90 IR R LB AF ST AR

W F5 H HA :2016-07-22 {& 8] H #9:2016-11-03 E-mail ; csyue2000@ 163. com



260 i &

LT

2017 410 A 15 H

R TCRR R . SCERLO T4 1 T BEPLRAE 2 A5, F1
FHIX 2 fUR BB R FIWTIX 2 SR N B BAR Y 2 0
S PSR A R 288, (H ER T80 B8 1R 22 B A AE , (A KRG 2
Ao SCHR[10] 2 H PARE B Hough 728 4 o LAk, o L
BT E MR IS T I A S R R 0 ] ]
TR HOAR . SR 1 A 1 R I B AL R A s B
5 B W Jr . B AL B A M % 35 (Random Circle
Detection, RCD) "™ ) & #ir ik iy RCD & 3" 5 1 fR
it it ML SR AR AR T (52 2 5 A 0 3k 32 RO S R T
Peim. SCHRLIS 148 7 —Fh ko RHT 3500k i 50k 4k
AR T HI— IR BCRFE AN 28 S8 ), b T sk
FEUCE, SCHER (16 52— PG 2 B AL B AS I 5 3, 2
o T RIRS

SRy 2 ik 2 (52 A ) B ) I B G R A TR B
ASCHR H— PR A2y A AL Hough A8 450589 0 1%
R R/ BT SR A 5, B50RI 249 oA 3 [ L 4 3 L 1Y)
T3 VR R A, PR 18] m 55 43, % A 1)
A7 A 2R LA W 75 B fff o RHT 55k b iy 1
Bl AL SR A = a5 17T 8 B K T 80 3R R [ G, 9 20 SR
FE VBRI UE 9 B B B, I DR SR i i AT B Gl
I RIS X IR b R R AT A R AL LA
) HEORS f 1 [5 Z 40

1 [E#l Hough THE %

Bt X Hough 2546 75 [7 4 I o 1) AS /2, £ 1 7 B
Bl Hough 7254t . [ AL Hough 2% # 5% H Bl ML K A A
R 3 A A7 2 TR X R B 28, O HoR
FH R J2& 22 %68 — 1 e S5 =K, 0 B A 32k [0 A 7 19 A% 1F
SERLR UK T B, 48 J5 38 2 U 7 B3R 50 iE i 3
[ F) L 52

152 ) il £ 7 FE A

(x—a) +(y-b)' =r (1)

TEREPL R AR S R, BEPLRAE 3 D4 i (1,
yi) s (xy,y,), (g, ys ) SARAR B0 (1) , vl 45 7 /2
AR Rk Rl WA R R B 5 (a,b,r) o
2(y, =)
(x5 +y3) = (& +y) 20y, =»)
40 (xy =x) (v =>) = (x5 =x) (3, =¥,)
2(x, —x,)

(2 +33) = (a7 +7)

a =

(o +y3) = (27 +7)

Lo 2w (x5 +03) = (7 +)])
40, =x,) (33 =y) = (xy =x,) (3, =) ]

r=/(x,—a)’ +(y,-b)*,i=182 %3

MR E IR 3 SR 2 [ 2 8, SR R SR KR h Y

(2)

NG EANEOHMEEE d, %5 1d-rl <e, Bl d 5 rik
Lz S ER o Git(a,b,r) FrifiE B Ak
G B A A, T A DU e e i TR O I
e Ny 7374 o 4 5 P (| 1= R |
AR S0 R ) SR, D25 5 A ), DA G 5B P N BR
ST o (B L A s, P BT B ML B8 B 3 A4S A H R AR
HE AR SR 5E 5 .

2 ETREARMGHEZ

TEJBE YL Hough 8 4 SE ik |, & T R AE LY HUR
BOR 3 3 A J7 T 4 etk mT R IR D0 280k 4R 70 0 3R
BB B, (53 P o
2.1 fRiERE R E

RHT 535 A6 52 2% AR b R 0 (54 1, 2 32 3 W s
140, foi Bt BIL SR A 5 20 B AR 3R A /D SRR TG R0R
AR 2 RORIG T, 23 o K B R R Rk
HEGA N AR B LA g R T INE A m

B E S, WIBE AL SR AE 3 598 78 7] — A~ 3 _F 9 4
p NG _ Ng(q =1)(q~2) (3)
! _ijqm " (Ng +m)(Ng +m —1)(Ng +m =2)
1 Bl ATL R A — A A 5 B A AR h
NC!
== (4)
Cqu Ng +m

A1 30 (3) A (4) AT, 2 m =0, B 45 G g

1

?"?"\J—iﬁﬂ"[)l :ﬁ,Pz =1,P, /NF Pz;g[ m it KT 0,

RV S A28 AR s iy, Py B KT P
1 RRIBE LR AR 1 B L BE ML R AR 3 s iR
R DRI 2 B AL SR AR 1 A5 0 RT DA B 2 5 P 3 (5 D
X U SIS .

BEREALRAE— 5 (x,,y) , BLBE O I B AR Y —
A, A E AR BUETE B LR s R 1 W B L
15— (g, 3, ) LB — EAE AR (x,0,)
ol CEAR N R, W B AR IETTE AR R, 1 [5
SMEIETTIE Z 18], 40P 1 R

Bl =(x,y,)NEE



F43 L H 10 1] R, 2t 7R, o

LA LT OREE L R AU BB AL Hough 78 i [5] 46 1 53 7 261

HTIEL T AT, (g, vy ) A AR AR 20 531 i AL
Li"< ‘xz _‘xl ‘ <Rmax

Rmin

f< ‘yZ_yl‘<Rmax (5)

Ak (0, ) FEE U (S) BRI 254, A A5 (x,
Vo ) LA IE R AR ) — i L, AR B S 0h -
_ [y x|
2

_ ‘xl _xz‘

b
2 b

r= ('xl _xz)z_(yl _yz) (6)

2.2 HIWHEEE N EE S E

9 T B AL Hough 25 Bet 5 i 10 25 41, 76 10 U
I A, T 1L L FE— Bk 7 61 1 A, T
I ST AT A0 SoRE AT LR,

A R0 40 0y W5 A IR R T A
FE S0 (a,b) BEES S r 08 p(poop,) . s p A2
| =)+ (p, ~b)" —r| <. BLA, JgHLAHE—A
1%y S OBEE N r LB A Dk
AN 3 X3 BT, W 2 R,

A, A, A3

Ay As A

A, | A5 | 4o

B2 KA, s AHLH3x3EA

WRLL Ay DY 3 x3 B TN R AL D
WG R MO IZIR R T5 1) 5 O B O r B35 AT
TE R i 19 B9 AT RO RO 1, 45 2 100 4 8 BT A 3
GhRUMAENR 2 P o A BRI I3 D 35 52 194 1Y B
M, =X xn(A JHCBIREL n 955 o0 e B 1A 50)  #
PR I A SO ROR T BE M, (38 W E 2 Al e 32k
I3 S I , 75 ) A A
2.3 mMmRE

it F G T ik T ARG I £ J T8 B e A

A TR ITT 1% 5 i R T BRI I HLEA T R
FEAR SR

WA T A C B R 277 ¥ (Fuzzy
C-Means, FCM ) | K ¥ {8 R 25 7 &, 78 ik fff i FCM
L

BB B n A px, (0=1,2,000,n) 7324 ¢ RO
S, T A0 o DO P D B s A B SR 2 bl AR
JEARRIPERE bR U B R BGA B fe /)y . FCM 1 H i R £
) — A TE AN

min J(U,V) = % S, (d,)’ (1)
Ho uy RoRFEAR X TE5R | R RYSRIR I s d, WFEAR x,
B i EREPOHCKIE RS, B2 -

_iluik:I,Vk;0<k§i‘,luik<n,Vi (8)

1 (7) AT LSRR 2 vpL A SR T A G, s 19
SRS R I [ ) P i 28 DT 7+ 38 2R 2R 45
IR X IRREE R BAT A, U A 07 i e/ 3k
B () BRI 2% (a,b,r)
2.4 WHEEHRE

ARSCAEAE I

SR KA LG A HEERES DRIk
=0,

FE]2 D HEEHLER— 1A d, o

F]|3 WD H—rid,,d 5d, WX (S), I
HRAX 2 50 EAR S U E 2 H p. % R A 0T
RTBME M, , HEK d, TS D h e, 45 d,
FAAE B IR 5 s 0N F b R 4

FB|A k =k + 1,4 k> K, 4 K &0,
LR 2,

FE|S  p o E RIS E T OGS I 2 A9 19
CRFIRLE R H e 430 L e P R 2.

RS AR 3 R

C’f@iﬁiﬂ%)ﬁ%& TR Hh=0 )

»le
1

v
BEHLRAE— Rid,

v

T 30 % AR D IR R

FIW DR AFAE R
Al 23 A (S) I HAE
Wik Blp A RO BT M,

3 MHAEERE



262 it &

LT

2017 410 A 15 H

3 LREERLSH

T B I AR S k0 G 28R S e 4 R
15 AT TN SR . B S AR AT A B 9 R
VI F R T ) 8 PR B 0 . 9K X LA B
A RS AT 20 BRI . A SCoR T B0 30 0 A6 55 T
Canny % T+, 5 o 141 2% 46 I 55 7 4 1, Canny i1
LR I T LA 8 o G T R R S R L RS
RHT %3 SCilik[ 10]ff) ARHT #3% SCk[ 1519 BRHT
SR NAR SO T S R TR HEA T R ASIN , 200 B 50 %
s,

LR SRSy R 3 4L, I 4 KIEIEG S HE 4
Zejh RHT 554 4b BH S B 25 B 16, 8 6 MK 4 %5
ARHT 55 8 4b J0 /5 19 45 R 18, |07 W 4 %3
BRHT 5 $: 4b B 5 (9 45 HL 18, 18 8 1Al 4 430 A 3¢
AL S 4G SR 9 P 4 (a) R 4 A
BRI 45 S 1 R

(b)F52
B4 FEEEK

(b) 52
B 5 RHTEZEHBNER

0. GS s
=1 08 %70

(551 (D)2 (053
B 6 ARHT E&x#NER

()% 5t1 (b)FF2

7 BRHT &N ER

(b)FsR2
8 AXEEWMER

QOO0

(DARHTH%  ()BRHTH% (DASHE
9 AMBEEERNKE

()RHTH3%

WIS ~ 18 8 il LUE i, 8 4 w0 [543 RE 4
X4 PG BAE R Rl IR 9 Y i K 2
AL L4 R LA B Y 5 O AR B kA R
FO R S, JC L& RHT B3 % B AR 8 A 00 10 25 48
Ko 12T IRE RIS SEE b, d T 4 B30 R
FE R BEBR AT BE AL , P O A A0 1 X bl B 34 %)
&4 v it 1B 5 20 Yas A AR R IO B 1
I LR
3.1 EHEREMSH

SEESIREE Jy Matlab R2014a, i+ LB & 4 Intel (R)
Core(TM) i3-4170 CPU @3.70 GHz,4 GB RAM,,

F1EXE 4 R 3 A5, H RHT 5%
ARHT 53k \BRHT 53 2 Rl A< SCH 32 K 0 4R T
eI RN o AH AT DU MY, A 3OO 5 A 2% i (]
Wi 1k RHT 5895 (ARHT 5 4 D)L J¢ BRHT B /b
738k, ARHT B A X T RHT 3 fl BRHT 8.9k iz
S IR S R AU B H S ARHT &
BT X b Hh Y I 0RO R R 0 15 T 5C
Ty 5 R R = (ARHT 535 #8 /A4S SC5 Wk 46
) /A SO AR x 100%

®1 AMEEARBNFHEMEERSE

Y RHT3E3k ARHT $iyk BRHT vk AsCigs: #y
A= FEIF/s FEO/s FEOT/ s FEN/s IRER/%
1 0.493 0.120 0.152 0.084 42.86
2 1.968 0.654 1.515 0.411 56.93
3 2.995 0.571 0.906 0.443 28.90

M1 SRR L, X 4 Py 3 A5t AR S
Bk E S ARHT 503 He, 3 )5 0 5 42 & 1
42.86% ,56.93% Fl 28.90% ,F-H4 5 142.90% , i it
A HLAR SO AR A TR



F43 L H 10 1] R, 2t 7R, o

P, 5 B TR AR LY AU AL Hough 728 f6e [5 46 00 53 32

263

3.2 BERERESHR

TE SRR L 0 A b X 4 (b) S5 2 AT
FoR o 2R A b AL X A IR S Bl R .
3R A FFERN R ER G, Wk 2 15 E,
ZMSCHER[ 16 ], bR fEZ %0 Hough 72 4 I 15 21

S K. IR 2 R 3 g Bl ol A, 4 Fh 5k
S5 =1 ol I e =i 2 T AR R S 0 N MK (2 N = 3
TR 0P ¥R 25 fe /) BVAS SCHE Ik L 53 Ak 3 Rl R ik
PRS0 R S, ol T O SCHE R T AR
.

®2 AMEZFHESHL

5 )% 5 RHT 573 ARHT 8 % BRHT 5 ARk
1 (175.83,192.79,32.95)  (175.32,193.21,32.83)  (174.29,195.82,32.38) (174.80,194.38 ,31.94)
2 (64.01,109.99,46.09)  (63.64,108.31,45.53)  (63.46,108.04,45.33) (62.53,108. 87 ,44.66)
3 (35.22,222.82,28.71) (35.49,221.14,27.61) (35.69,222.68,26.40) (35.62,222.46,27.14)
4 (92.23,193.01,25.84)  (91.53,191.29,24.22)  (91.55,192.79,25.88) (91.20,191.96,24.90)
5 (185.44,83.79,48.71)  (186.54,84.53,48.43)  (188.79,84.26,48.96) (186.57,84.19,47.60)
6 (187.82,84.07,37.19)  (186.37,85.31,38.27)  (186.60,84.54,38.34) (186.60,85.18,37.57)
7 (218.11,196.98 ,34.37)  (217.45,195.74 33.52)  (218.54,196.26,32.45) (216.34,195.87,33.03)
8 (51.05,55.28,29.08) (52.37,55.43 ,28.32) (51.33,55.01,28.48) (51.44,55.22,28.10)
£3 4AMEENEIIREX L
[ )5 = RHT #i: ARHT H3% BRHT 47 i ARSI
1 (0.83,1.21,0.95) (0.32,0.79,0.83) (0.71,1.82,0.38) (0.20,0.38,0.06)
2 (1.01,0.99,1.09) (0.64,0.69,0.53) (0.46,0.96,0.33) (0.47,0.13,0.34)
3 (0.78,0.82,1.71) (0.51,0.86,0.61) (0.31,0.68,0.60) (0.38,0.46,0.14)
4 (1.23,1.01,0.84) (0.53,0.71,0.78) (0.55,0.79,0.88) (0.20,0.04,0.10)
5 (1.56,1.21,0.71) (0.46,0.47,0.43) (1.79,0.74,0.96) (0.43,0.81,0.40)
6 (0.82,0.93,0.81) (0.63,0.31,0.27) (0.40,0.46,0.34) (0.40,0.18,0.43)
7 (1.11,0.98,1.37) (0.45,0.26,0.52) (1.54,0.26,0.55) (0.66,0.13,0.03)
8 (0.95,0.72,1.08) (0.37,0.57,0.32) (0.67,0.99,0.48) (0.56,0.78,0.10)
S 2 (1.04,0.98,1.07) (0.49,0.58,0.54) (0.80,0.84,0.57) (0.41,0.36,0.20)
[5] XU Lei, OJA E, KULTANAN P. Randomized Hough
4 %ﬁi’& Transform ( RHT ) ; Basic Mechanisms, Algorithms, and
LI T BRI oy T S Sy Vin
Bl Rk e T RAT B0k b il TREVLRFE3 & [6] k% 45y, % . JE T HiHL Hough 28 ity Ak
17 325 JK e 0 80 B2 FRU A 0] A 32 330 0k ) Tl g ) B R [3]. 3185 HL T A ,2012,38 (1) :199-200.
BL Hough 753 39 v K U ), 4R 90 B0 g UK ek L7 BB ILETIL B AT RDL Housh iRyt
oA s _ - g N RIETLM LA [T]. HHEEHL TR ,2010,36(15) :1-3.
AN FHER SRR B b ) 1R s AT I BR AL, ] (8] WKEAL, Tatle, s 4. —Fhi i %f B Hl Hough 75 4
DATH RIS I A [ 24 SEIR B R AR S SISt B 0 I 0 0 9 (9] VRS ML R 5 8 AT, 2006,
ARHT B35 AH Lo, A6 ) 3 B2 7 4 8 1 42.90% 4% 42(18):53-54.
A SO TR B AT g gk [0 REEGIRL &) Houel 0t B OB LG
. MLT]. 350U %8 By 531 5 18 TE % % ), 2006, 18(1) -
K FBA BT . A 5 ¥ 2F — 25 BIF 58 A )b b 2l 27.33.
PEF N T R At i A (107 b B, o, B, 4. T T PR OR BF 09 AL
Hough 75 2 5] # 0 25 v [ T]. W AR 2012,
P 35(;:245%;m1ﬁ«2[ 1. R
[ 1] HART P E.How the Hough Transform Was Invented[J]. [11] AaEAR, R, — P8 09 BE AL Hough 33 R 45 1) 53
IEEE Signal Processing Magazine 2009 ,26(6) :8-22. BT]. &P T FR,2003,29(6) :87-88.
[2] ZHU Guiying, ZHANG Rrulin. Circle Detection Using [12] CHEN Teh-chuan, CHUNG Kuo-liang. ~An  Efficient
Hough Transform[ J]. Computer Engineering and Design, Randomized Algorithm for Detecting Circles [ J]. Computer
2008 ,29(6) :1462-1464. Vision and Image Understanding,2001,83(2) :172-190.
(3] F4a#i, T 3c.—Fhdk it i3 F % Fr#E 19 Hough 45 [13] CHUNG Kuo-liang, HUANG Yonghuai. Speed up the
WeRAEME Y (T]. s ¥ 58 60,2014,31(6) Computation of Randomized Algorithms for Detecting
121-124. Lines, Circles, and Ellipses Using Novel Tuning and
[4] XU Lei,OJA E,KULTANAN P. A New Curve Detection LUT-based Voting Platform [ J]. Applied Mathematics

Method ; Randomized Hough Transform (RHT) [ J]. Pattern
Recognition Letters,1990,11(5) :331-338.

and Computation,2007,190(1) :132-149.
(#5267 11)



FHA43 % FH 10 W

AR, P VU HE < B T [ AP SR Y 9 SR I S R A AL 267

4 HRIE

S R A TR R I B R R L AR S LTS B
BEPEREI Ry A a5, 5 AR A T AR K B T i,
A5 3025 B bR 5 28 8, DI 7E SR A0 48 3R 2 L
A BIF R ROR . A SO B R JE 2 Ak 2 I ) g

AT 0 — 4 B R I 1 KO B b T —
R . BOH T —B HTG

2%k

(L] skI5R. RS SO B ik (7], E R’
% KK %4 ,2016,21(2) :165-173.

[2] PERAZZI F, KRAHENBUHL P, PRITCH Y, et al.
Saliency Filters; Contrast Based Filtering for Salient
Region Detection[ C]//Proceedings of IEEE Conference
on Computer Vision and Pattern Recognition.
Washington D. C. ,USA.IEEE Press,2012.733-740.

[ 3] MARCHESOTTI L, CIFARELLI L,CSURKA G. A Frame-
work for Visual Saliency Detection with Applications to
Image Thumbnailing [ C ]//Proceedings of the 12th Inter-
national Conference on Computer Vision. Washington D. C. ,
USAIEEE Press,2009 :2232-2239.

[4] DING Yuanyuan, XIAO Jing, YU Jingyu. Importance
Filtering for Image Retargeting Computer Vision &
Pattern Recognition,2011,42(7) :89-96.

[5] MARCHESOTTI L, CIFARELLI C, CSURKA G. A
Framework for Visual Saliency Detection with
Applications to Image Thumbnailing [ C ]//Proceedings
of the 12th International Conference on Computer
Vision. Washington D. C., USA: IEEE Press, 2009;
2232-2239.

[ 6] CHENG Mingming, ZHANG Guoxin, MITRA N T, et al.
Global Contrast Based Salient Region Detection [ C ]//
Proceedings of IEEE Conference on Computer Vision and
Pattern Recognition. Washington D. C., USA: IEEE Press,
2011:409-416.

[7] RAHTU E,KANNALA J, SALO M, et al. Segmenting

[8]

[11]

[12]

[15]

[16]

[17]

Salient Objects from Images and Videos [ C ]//Pro-
ceedings of the 11th European Conference on Computer
Vision. Berlin, Germany ; Springer,2010:366-379.

TONG Na, LU Huchuan, ZHANG Ying, et al. Salient
Object Detection via Global and Local Cues[ J]. Pattern
Recognition,2015,48(10) : 3258 -3267.
PRAE,SRIGIR5K OF, L T R AR A B
AR FL [T]. MILAHE ,2014,35(10) :69-70.
YANG Chuan, ZHANG Lihe, LU Huchuan, et al. Saliency
Detection via Graph-based Manifold Ranking[ C]//Proceedings
of IEEE Conference on Computer Vision and Pattern
Recognition. Washington D. C., USA: IEEE Press, 2013
3166-3173.

WEI Yichen, WEN Fang, ZHU Wangjiang, et al.
Geodesic Saliency Using Background Priors [ C ]//
Proceedings of European Conference on Computer
Vision. Berlin, Germany : Springer,2012:29-42.

ZHU Wangjiang, LIANG Shuang , WEI Y , et al. Saliency
Optimization from Robust Background Detection[ C]//
Proceedings of IEEE Conference on Computer Vision
and Pattern Recognition. Washington D. C. ,USA . IEEE
Press,2014.2841-2821.

P S0 ARG, A R RN e B A
MLIT]. 750 82 4,2015,37(1) :130-136.

QIN Yao, LU Huchuan, XU Yiqun,
Detection via Cellular Automata [ C ]//Proceedings of

et al. Saliency
IEEE Conference on Computer Vision and Pattern
Recognition. Washington D. C., USA. IEEE Press,
2015:110-119.

LIU Tie,SUN Jian, ZHENG Nanning,et al. Learning to
Detect a Salient Object [ J ]. Pattern Analysis and
Machine Intelligence,2011,33(2) ;353-367.

YAN Qiong, XU Li, SHI Jianping, et al. Hierarchical
Saliency Detection [ J ]. Computer Vision & Pattern
Recognition,2013,38(4) :1155-1162.

ACHANTA R, SHAJI A, SMITH K, et al. Slic
superpxiels Compared to State-of-the-Art Superpixel
Methods[ J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence,2012,34(11) .2274-2281.

G R

( 4255 263 T1)

(14] & # AT, B 2. BEHL A I 300k i R AR 43R
S HORMERIE[T]. S TFE,2012,39(5) :86-90.
JAF s, 4 M M, % Bl Hough /48 46 [ 46 Ul
F9T g sk [T]. 3 B PLE B Bk 5 BB 2 4l
2014,26(4) :574-580.

CHUANG Kuo-liang, HUANG Yonghuai, SHEN Shiming.
Efficient Sampling Strategy and Refinement Strategy for

[15]

[16]

Randomized Circle Detection[ J]. Pattern Recognition,2012,
45(1) :252-263.

[17]

(18]

[19]

IS X AN, BT BRI R [T Ak
4% ,2008,19(1) :48-61.
CAI Weiling, CHEN Songcan, ZHANG Daogiang. Fast and
Robust Fuzzy c-Means Clustering Algorithms Incorporating
Local Information for Image Segmentation [ J |. Pattern
Recognition, 2007 ,40(3) :825-833.
BB H . BT R o i SRR BL U R Gk
T.#£,2014,22(23) .38-41.

[J]. ®Fixit

Gl LR



