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Circle Detection Based on Multiscale Geometric Analysis in Digital Image

FENG Xin-gang,ZHOU Quan
(Xtan Institute of Space Radio Technology, National Key Laboratory of Space Microwave Technology ,Xi’an 710000 )

Abstract Features detection is an important problem in image processing and pattern recognition, the detection result
affects the pattern recognition and classification directly. Based on the idea of multi-scale geometric analysis, this paper
introduces a new method to detect circles in digital images. Firstly, circles in images are transformed into circles feature
domain. Then wavelet analysis is applied in the domain to detect point singularity. The coordinate of singular point is the
coordinate of circle to be detected. Gray threshold or grads will be applied when Hough transform is used for gray image to

detect circle. This disadvantage is overcome by the new method, and it is directly used for gray image or binary image to
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detect multi-circle. Finally, the difference between the new method and Hough transform is analyzed and compared.

Keywords image,circle feature, multi-scale geometric analysis, detection

1 3]

i

R ARG T 2 Pl A5 A 3 N A TR O3] v i A TR Y
[FRE A2 TH 2 B B R T R X 3 A AR IE
R A AR I, oo 55 =X ) R R X T T A A £ ] Ak
BAEwEZEMEN . T 88 (R s 551 ,
AN BT B AR 5 A A, X B 2k B AR A I s )
ANEA R B LR 32 B A 7 A
Hough 75 #'""  Radon 748> 0 Ridgelet 75 4"

HEWMB BHEAESLRELSTH (9140C5303020601 )

58 B 89 :2007-02-13 ; % 5 B # :2007-07-23

F—EEE N X (1977 ~
E-mail : fxg338@ tom. com

Xt T Radon 75 4 i 75, J& A B I T il 4k 46 0
Ridgelet 45 4 & 46 B 2% 25 5 V56 60 050 75 55 1o A
T2 A, AN L A K T B BB . TE AR £ 4
iF i 2 b, 190 2 A 2R R ) — A T AR R
M A4S . Hough J7 ¥k & H AT B 82k 132 19 [ 46
5 % 7 1 A R A T SRR L MR AR
T B A X IR Bk A5 T A7) B BT BEAR A
2k 5. Hough J7 ¥ B Bt 5wk 2 3F 8 k. B A,
Hough 78 4 & % & il JLFh et 7 367 B Al 7 78
— 2 [

NI T e 1 2 N 5 N B 5 e e ) G O sl ) i vl IS B DL S & 1R L TR U 5 3 N



958 ] &1 5 B R 24 4

%14 %

HT, H Ridgelet 5 & 19 22 ROEE JUAAT 43 #7 o —
o2 B 1) ath 2 S R 20 A TR AR SO R 2 R L
fa] 431 ( multiscale geometric analysis, MGA ) [ L A8,
R M 2 1A 1 e, 4075 & FRAE th 4 1) BT A 15
ESSUE/ SR I NDRER A b R R e R
FUAT S R EAT /N O BT ) (R T B 1

2 BZEHEARRE

22 ] LAY 73 B 2 A6 /N 20 B A 20 A 2 il
BT R — Bh oA J5 v, W OR R IEE B A G
B 22 RO LA 0 M i H RS2 O T AR R OR
T Ak B o 4 2 ) B0 T 6 e 4 2 (] 9 T B TR
Forh B i 3 26 B RRAE 4R b AR B T AR 4 7 4R
Ho T2 RBEJLAT 3 A AR, AR SO M T 3 5 oK
B G v e 15 b 2 B 4 1) R AR L, S AR 4
R R Tk e At 2 B 7R SRR AR S b
U2 e ARG I T S LA S O TR0 A ) B

VPR f (v, ) B Radon £ 404

+o + o

R,(r,0 = “' f(x,y)8(r — xcosf — ysinf) dxdy

(1)
A,y ) FEBR IR ZS 6] 2 4 22 R 405 6( - ) AL
TLRRKL, A
r =xcosf + ysinf

RUHE T2 (1) B H 02 B
CRT,(a,b,0) = [, (1) - R(r,0)dt (2)

K, , (1) =a Ty (a(t-b)) . BHE, BB IR
CRT,(a,b,0) &AL M5 B8t 2 R (r,0) 19 1 /)
FECa BB W RE b REWALE, 0 &H W,
R, B AR 4 s 2 1 4 /N D AR S 7 R (e, y) 1Y
Radon 3% | ()78 4 . 1 F Radon 254 n] LIK; B £k H
bri A0 s B br, i /NI AR e X S H bR A & R
Kl 68 41, Br LA, 8 0% 0l DL SR A I B 2k H b o {E X
F— M%) B b ok, 51 an R 3 2% 0 AR O 2 22
P AE R AN R HE R, LR AR
ARIFER . X — D HA A 70 H bk, £
# /) Radon 284 f5 (AN 48 ) LY Radon) , 75 5 7
ISR — A AR — A, & T /N R
BARTED, HILEE R BAEREN . 8T
it e 28 A7 5 7] BT, Candes 28 H T £ K45 % 4%
Mr, T J5 Candes 45 A A3 T il ™™ o il g A28 4 2

K it L ICBR 73 %1, 76 BT A Al BE i) RO b 147 6 Dl AR
e, U0 SR o 9 28 A5 X 84 R AT R AR AGE DN R — 1
W E AR

3 B ERNEE

PG 30 2 ot O I MEAR 98 109 =1 S 1 T A, i (B D)
S22 ) [ PR F — ol o DRI R O S H Al 2 R
JUAR1 53 01 77 16 AN B A 00 227 (B A7 S Mk i AR oo X
TIX ) R, AR S R R A S A 7 R R

TR BB 8 SCHMAABPR R TR R R T
O AR AR AR AR KUAL P () B A9 B 3R 380 50
mer:

C(x,y,%,%) =(x_xo)2 +(y_y0)2 Sl
W) 5 SC IR AR AIE B AR e s

Flr %,y = ”f(x,y)ﬁ( ro- C(x,y,xo,yo))dx‘ly

R

(3)

TEBFFAESL F(r,x,,y,) E#EAT /N5 Hr, 4k
A Ao

WA SCHRE G T vk T B IR A i, 25
RINE .

(1) % %05 A5 CE A7 AR R 9 ik B, 5 R IR R
%% ;

(2) A 3) XA B b BR AT A8
5B B RAESR F (r,xg,y,) 5

(3) 7E B FEAF &7 5 3 b 3R 47 /N i 43 i, A6z i 13
g = F 7

mAF RN Z A, W B T AR R H A
OEDACSEE S SX Ey N N W LD O =R E B TN S o €%
B, AT DGR HE A /N3 7 s, BRI ke fr
R Z SCHRIAR H , 78 A PR

4 ZRERSiTE

AR b3 o3 BT, AR S0 301 R (B AR MK JE
PG 34T B -

BL~ 3l e ki | MERN
B g —AE P KR, B4~ 6 Rl AL ~
B3 A SCHE 7 ¥R A B S R 45 R I, Herb i
A bR R R BUGAR R A B, K EEAE R s M G



T3 I A BT R P B T 2 RUBE LA 43 A A 4G T 4 92

959

K1 —EHEBRCREERS) K2 —fHEGERS) K3 KRB
Fig. 1  Binary image Fig. 2 Binary image Fig. 3  Gray image
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Fig. 4 Detected circles in binary image with no noise
20 20 20 20
40 40 40 40
60 60 60 60
80 80 80 80
100 e 100 100 100
120 120 120 120
20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120
r=9 r=10 r=14 r=15
20 20 20 20
40 40 40 40
60 60 60 60
80 80 80 80
100 100 100 100
120 120 120 120

20 40 60 80 100 120
r=11

20 40 60 80 100 120
r=12

20 40 60 80 100 120
r=16

20 40 60 80 100 120
r=17

BS M A RE R R 45

Fig. 5
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Detected circles in binary image added by noise
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Detected circles in gray image
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