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Improved Hough Algorithm for Circle Detection
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Abstract: Computér vision has already been widely used in engineering. The circle detection using image processing
means significantly in engineering. In order to auto-detect the circle and accurately extract the centre and radius, an
improved Hough transform algorithm for circle detection is proposed. The image border is filtered to get the continuous
borders. And then the continuous borders are sequenced and equal divided. Only three points are chose for computation and
three dimension parameters will be reduced to one dimension, which saves the computational time, memory sources and
improves the accuracy. Experiments show the proposed method can realize real time detection and meet the reality needs.

\

Key words: hough transform; circle detection; real time; computer vision; image process \

L

DL B B RN v, AR 22 AR BT IR A it 2

Ry BEATRIL, e . /. WHRSE. BIk, dnfrid |

Sk VSRR B A DR P A A 7 YR BOAS: # J2 H i
BETE — AR T AR i [RHARA R
MR BN VAR, BET Hough A8 #1154
W7 RN, HE T AR AR (0 I R 7 3k, DA R g e
B JLrh Hough 284 J R 59 1 58 5 L1 7 5.
Hough 42 #:"2 1 Paul Hough 42 H! ). Hough A4 %
2 BT NG AE R] B S 50 ) AR e, IR S T
Al RO AR e A S, By N T R, H 21
] FAFAE— (WEkBA. J5 oK Duda #2118 T 47 4E Hough
A5 e SHTEL IR AR A Qs 1 A1 AR AR HEAT Hough 28 4t

@© FHe410 H PN A RHE S TR1(2013GZ0032)
IR I 1]1:2014-12-18; U 1 4& S i [1]:2015-03-02

fRYs T B BOE SR Bm B [ A7 S L, bl Bk
BT K, S A4 %%. Ballard —fiib T
Hough 24, FIJ FH AR B & bR M B, TER T
J" X Hough 254 R FEERY Hough 284, AR
ey i — AN EE I RR B, L B8 sS LW 7
B R AR, SRR AN R T 2 5
), AR T 1 B TS AR B S R i —
AN, e A I WA A DB A A 1 € JE. Hough
AR ST FEG P) T 75 r AN RURK, T A R kb i o I 1) Y
Mo, AR v &5 SR I vERf 2, {H Hough 22445 ) LA IH f2 1)
BREG. A, VHECEOR, T REAN I Sl B LA #)
SRR, N T 2B EAA A4, MR B

Software Technique « Algorithm #FRAR « 5k 197

© TEREBIK I

http://www.c-s-a.org.cn



i H LR g N H

http://www.c-s-a.org.cn

2015 4F #2434 i 8 iHf

SR, AR = YRR TUYE S e )8 RIS 5 B FE R
WAL LK, AT NAER; Hough A4 75 2247 fit
AN % RO ARSI RINME, 5 S0 98 U5
FEK, REFTHAL. o, ZZH AR
B B . b T B B RO, S A B R R X
DB A FE AT AR K B e ). a1 B 8 A8 4 J Al AR A T 2K
Joi, fH BEAE£180° Y0 ] A 1) B HORE BE X ot B 45 AL 5
W EE R, WA B RO /N, DS I 7 S5 I ) R i 4%
B, B UK 2, ) S5 2K  1r E f BE 252 31 52 ).
N T TR Bk B, MEAE AP I T g Hough
AR e [ RS I B, R T DAy oo e B D 1 LARTARF AL
VRO R JE I —4E Hough A4 B AT 2145 2 A0, 15
B A2, AR N S I R AR A DL A e
BEATIRAG I, A 2R L 8 A B P £ 2 A Al
(K 05 i, Xu & AND3MR T BB HL Hough 2% #:
(Randomized Hough Transform,RHT) ,%*}L Hough 2% #t
30 3ot B4R 5 TATBE AL B A R W Rl 202 )
A, R T ARG Hough AR INE KSR IR,
R BN A HE R G54, U019 2 1) S 4053 i oo T 3R
LIRS T N AT K. (HAE AL B 2 KR, T B AL
PRERIEIVANIN P 5 ST N WPN & v &
A

1 HoughZs ¥ i 7

Hough & ket B T2 20 i) 1) 4 rd A8 48t 31 2 5505 1)
£ Ed < W S i DU B E YA~y 1A 21 S TR g <K Sl ]
RUE S () RO N (P RS S EE N 3R, el

AR R INAC b AR T LT . b |

FILRIOR, TR Y = KX+ b FRAE 0 R AR
FR R IIBABR R p = X COS @ + YSiNier . HERHX A
LR KR AL b e, 2 BORA B T 3 T 3 i L
S — T 3T B BRI 77 S I, LA ST K,
PILRIREE k0 25, @RI ZA ok M. MR
MAMEEAER p(X,Y) ©H1, p Bl &0
B, O TREAMRE A, BRI o 58— R
(o M, WG e — & b, WIE SR
[ R0 (0, o VLA 7E — s, o e 1 2R e
) BB A IR B 5 A 1 T

Bl 7 oA LD R A W R OB R
(x—a)’+(y—b)* =r?, Hrh (a,b) [0 8 b,
FoR B, (X, Y) 7EE G g ks, E5 5

198 #pHA « 53 Software Technique * Algorithm

20, 8 7 B R L (@b, 1) 3 B Uy
(@a—X)?+(b—y)? =r?, HEERNE—
. W 1. 2 . BRI EAME R S R
o — T, BT 535 5 0 — R T A%, % T
BGIL TR, 5 LIS AES B 2R T i —A
(g, by, 1) . R 2R BN h A, %
AMEE SAESFCE WAIAS T AN, T X 2 5 7E
VL5022 1) g R TR 3 3. 6 55 503 1 R ) — A 1 i 44
BRI S T 1 9 0o - . Hough e Sk I 12
LR \

(1) % FEHGIEAT R S AN, T 52 ZEAT Hough 42
it 5o |

(2) %7 0 A i Bl

() WiE S % (a,b, r) IS, JEhE S5
a,b e

(4) AR AT, 7E240a,b MIETEE N, &
YA SR R AR T

(5) KRV 1K 48 AR A A BB

(6) &t BB b v F B B R, XA AT
P A5 i [ 4

r

. b

IR M aYRcce S LI U R

r .
':Eln , ba , I'-JJ

K2 ES A R

R B2 AT, WA RN Eods i i
KALTTR, MK~ 2R AR E S B JE b A

© TEREEBIK AT

http:/fwww.c-s-a.org.cn



2015 4F 524 % 4H 8 M

http://www.c-s-a.org.cn

iSO R g N H

NG RV IR SN

Hough AR fEEATH8 2200 g (¥ I ik, 8 /05 2k
Ji(a,b, r) =ASHep Ay, X TR g EE
VU] UL B A — R AT 30 [T, IR ) ol AL bR H
&, AR ZAH LR IE AN REMERG 10 40 TE B 1K A2, B
i [y 19 2R 5 B AR = USRS (A AT, I LR SR I
1 T ZE AN AT R INTHBOR A, R T RN
DR, [N, X T2 H B, &R
THRETE MR EE. LA Hough AR fe il 42 S i Jy 1
AARKAYGREE. IXAEAHES R BRI Hough A8/ sk
B B U ANFTRESE L. DA, L T AR 2 %t
Hough A& HedbAT et i 5k, IR LA T 3 #R AR T 7
Il A 22 ) Rz SN 18] L. 7ESEINORS I 2 A2 R e,
BR T USSR TR G TR Ab, B0 A A R Rt
B PS ZiE o :

—

2 Wl HoughdE B I%

L) Hough A2t BR (1 BT AT 14 5 s 04T 3 17,

SRE T A OB ) LU AE AR 25 ). T L, 2R B s
BRI, JEB A I RN A HL B R 2. 7
— IR EMR R, B B TR TR R
/N4y, PRI, 70 HEAT AT, So % PRl i
TTAL I, TS HERR U R I A0 S 1 . SRR 4
B AR AT TE, 454 B L HOTRAIR A A, 9 4000
AT =45y, FERA AT Hough A5 Hek, I
U E AN TR, R I A B L — A A
HEATHHE, 0 = B A5 — . R = AR AR
S P AR AT R A, RIS R 1 L R 2
JEAH, IR 05 B TS0 0 R e S
B, LT B i A b= DL o T
A R 1 BSB89 FLP 48 R S
SR, 358 5 X AR 2 S AT BT B v 52, B
B0 5 1 o 2 £
21 EfgRALE

EISIRE R, T AR 0, 7%
BLHUR FO MR AR S A0, Hte I e tE . ik
THT 52 2835 e, R U 100 S R 1 T 1 2
DL, BTLA, FoK 2 B — I ER e A AL B,
KT 5 (01320 8 TR SR T HH o, 6 P 03 Sk 0
4001 Canny 5.7 sobel 5.1, Log #1455, ZEASCH,
V4R Canny S57 % UG AT 1 SR, Canny 57

»

Fy B BB — AR L, A 5T 7K il ST
% bR B (RSB 0 AR O R T
fl 5 P40 0SB4 T R [ IR 93 10
AR IR K, I HL T A A7 7E (0 FE G 75 AR A 0l i
Y. Canny S 7 T LAFIAR Y LR A5 BRI e 0
TS0, S5 IR IRFEEERREE, T Jm A
BREFINZ. Canny ST HOKYIIZ: Ha1lE 3 Frw, e
17— A BTG T, BRI K 2 A R % AR
TG, T L, AAERE NI, RN RAE SRR
ﬁﬂ%wﬁmmU%mﬁ¢,@§m 2 51N
SRR M, B, TR B, SRR
e AL MR T, 3 SR — i
_%gﬁAﬁﬁﬁﬁﬁﬁmﬁﬁ%,ME4ﬁﬁ.

B3 Canny ST Ko LE R

312 |1 \‘
i | =
VL fale o
- e
‘T 56 |7

K4\ AREoR =

ST EREAME R ) \UME R S AL, KR
ERH ORI RE 45 1L AR e 2 Al h, SRS, il 4L
Hrh Bl mL v N SRR, R, AR B ERE S A
KIAF Gy ARk T, LA (8 )5 T AL 2.

2.2 SHELCMEEZ

AN TARSE Hough AR ¥ J57k, ASC7 40 FIH A
(1 JLIRRAE, R -4 R R o S AT 4k, TR BRI
=51 L e s A Y A P S

wWE 5 PR, bR G SNT, BT
BN Z P A AF BRI, AR 2 I 5 I AN BEAS I HH — > 52 2 1)
[, A SR 7 dons T B R R A Yook T4 4% 3 ot

Software Technique « Algorithm #f4A « 54k 199

© TEBEB AT

htip://www.c-s-a.org.cn



i H LR g N H

http://www.c-s-a.org.cn

2015 4F #2434 i 8 iHf

EOGHAT A Y, WA — AN LS RO, MR
REHMEMILI S, BRI LR, R
e A BN LS, WEHEE DRI A,
R DMHER R, R Y 5 1L S A e Al
R L PR R A B, IR B B —

AT, RFBIERE A, Y, )« B(Xg, V) -
C(X,, Y, ) BEI A, Jid = AR A LA
42,
C
B
A

K5 SHRELOHEARREE

B 7Rk (X —a)2 + (Y=b)? = rZ s =
[ A vty N I R, O SRR o AR o T £/
a=((Ye = Ya) * O — Yo B %5 = %)+ (Yo = V) * (" = Ve + %" —x))/
(2% (% = %) * (Ve = ¥a) =27 (% = %) * (Yo = Ya)):
1)
b= ((% = %) * (%" =X+ Yo' = ¥a)) + (% = %) ¥ (%2 =% +Y,2 =¥,/
(2% (Xe=%) * (Vo = Ya) = 2% (% = %) * (Y = Vo))

(@)

r = sart((x, —a)* +(y, —b)*); ©)

i B2, 9] R AR,
M AR AT A it T P AT [l L RSP AR IR 221,
A8 B (R L, K 3 i 20 S AR A [ (R T
(KL F mi e dm, doe i P AE A b 1) i o 5 4 4k 10
FR BRI RG], AR LE AR, B RS 73 miAE

A —ANEA L, Rz, Wi A RE R . £S5

B FH R, A T B i [ O R 2 A PTG B, 535 AR
— B I L TR, Sk T ORAIE AR [R] 34 S AT g
ﬁ*¢ﬂ%t,%%ﬁﬁmé%ﬂﬁﬁ,%ﬁﬁﬁﬁ
T B2 3 AR 2 9, 33 B2 30 T 0 I 4
W RAFAE—AN 5 BRI s T LB 5 S PR 475 450 [ B i
M e, RO FERICERIE, 743 W 3O R
HARSP S0 D R

1) X H Canny & @47 50,

2) i [y SR S R G, R R LA R
CARARES SURTINN Y PRSI/ ke Jb

3) Ay IR CA RN =438 S B A7 i 2 )

4) WS — RSN TR R, S B

200 HAEHA « 53 Software Technique « Algorithm

BB ZE T m o B — AN ST AR 2 S — AN A
TR RIEAR, TR ORI,

5) AW UF S [ O R4 2 TR 1 224, HERR I 2
it 25 15O AR (R 3 S 055 LIRS ) [0 = 20
()i Gt i A S Sk i St i A I L, i SR AE R e
IBIE N, DU eT W 5o R, 2 AN 2 (5]

6) EEHIUD, HBNFTA kTR I 5E

7) AR HIFE RO AAR I IR, K E O R
ﬁﬁ?ﬂﬁfﬁﬂ%%&%ﬂﬁﬁfﬁ
3 FWAER L o

[ 6 & MR B % LN T L MR RE
B s M O R B3 P 3T 1204
SKAE B G (AL b 42 [ Baumer [ TXG ArdET-Jk GigE
ZANE A TIAINL, EGDHE% 1296x966, K Hikx
ST REATE A, B 7(a) R Hough 28 # 54k [
L», Hough 5 573K F FFI5 EHEE opencv HH (1) R 4L
HoughCircles 528, & 7(0) K A SCI 5 i 53k 0.
I RTLUE H, SR Hough A8 #5316 130 B AT
CAS R I 22, AR ST 7 ¥ RE A8 HE M 1R 3 L8 TR0 1R 67
BRI TR, PR A LR ROR X ), B

IR 1 R
*K 1 KgIR R

LS o \‘ﬁ$y‘%
R .
AwHype N ' 118
B oh | a403 118.117
h;\ém/i (707.5,367.5) (702.969,364.151)
7= 4.403 0.117
R [e] (22 F5) 129 47

K6 EREEIG

© TEREBIK RN

http:/fwww.c-s-a.org.cn



2015 4F 524 % 4H 8 M

http://www.c-s-a.org.cn

iSO R g N H

(a) Hough 7% A5l ] 45 S

(b) AL LS5 25 R
€17 (a)Hough A5 #ktr il 7 45 4 (b) A 377 A6 54
PN

4 45

Hough A5t JLART 1 76 AN 4245 1) A 5 404 i
A7AR e, B LAk T TG b 4 LA PR 1
W, RATERNE X RSB, BT 2R
JEAT I 1) BB AP A R B, R 2B Hough
ﬁﬁﬁﬁﬁ%%%ﬁ“ﬂlfu%mﬁ%ﬁﬁmﬁ*
Eeli T&ﬁHwWﬁﬁsmﬁ@ﬁmmﬁﬁﬁki
PO 5. SEI W), RNy VE 7R R DL
0% bR BLARAE, BENSAR LT 36 e 25k

S0k

1 Daugman JG. High confidence visual recognition of persons

by a test of statistical independence. IEEE Tran. Pattern
Machine Intell, 1993, 15(11): 1148-1161.

2 BT E A E. St i BE AL IR D Sk, [ R R
1%,2009,14(8):1590-1593.

3 Torria I. The randomized Hough transform based method for
great circle detection on sphere. Patter Recognition Letters,
2007, 28(10): 1186-1192.

4 Cauchie J, Fiolet V, Villers D. Optimization of Hough
transform algorithm for the search q{ a centre. Patter
Recognition, 2008, 41(2) 567-574. . -

5 gz 8, .7 WA AR I, 0 B I T 2 R )
ﬁyi.vlﬁmﬂr‘éﬁjﬁﬁ,2006,42(29):49-51.

6 Rai irez VA, Gch C, Pa G. Circle detection on images using
genetic algorithms. Patter Recognition Letters, 2006, 27(6):
652-657.

7 Hough V, Paul C. Method and Means for Recognizing
Complex Patterns. US: Patent 3069654, 1962.

8 Duda R, Hart PE. Use of the hough transformation to detect
lines and curves in pictures. Communications of the ACM,
1972, 15(1): 11-15.

9 Ballar DH. Generalizing the hough transform to detect
arbitrary shapes. Pattern Recognition, 1981, 13(2): 111-122.
10 K, 280, ARAT K, 55 S0 1 Hough 22 46 [ Ao P 45032 pL 1

¥eit 1 2011,19(14):168-171.0 \;

11 SRR, I R, 2, B BT (U HS Hough 4846
R 4l TR 41, 2010,24 (9):837-841

12 Ilﬂgi ~$¢%?ﬁif Hough 72 4[] [0 [ KI5 5 vk, B
%4&1@%,2011,29(7).86—89.

13 Xu L, Oja E., Kultanan P. A new curve detection method:
randomized hough transform (RHT). Pattern Recognition
Letters, 1990, 11 (5): 331-338.

14 Xu L, Oja E, Kultanen P. Randomized hough transform
(RHT): basic mechanisms, algorithms, and computational
complexities. Computer Vision Graphics Image Process:
Image Understanding, 1993, 57(2): 131-154.

Software Technique « Algorithm #FRAR « 573 201

© TEREBIK RN

http:/fwww.c-s-a.org.cn



