—P—
H34% 8

20174F 8 H

rh i B2

AT

DOI:10.3969/.issn.1005-202X.2017.08.011

— i3RI Canny 1

IR

Chinese Journal of Medical Physics

’I%KL\IIJ-"JE- =
A B BB 1

Vol. 34 No.8

August 2017

R R ARAA AR TR 2, AR AR S i 2

FHA!
7R 284 2710165 2. Z8 1 BR2F Bt m BEBe, 11 4R 284 271000
[# E] 4s+22 $ Canny 1 b i) 5105 6 — 2 )4, 42 38 —FPBE A BT 69 48
VeI e 2 R T 7R

B IR 2 Tk B A e T LR

kb,—l‘

b 4k
KRG, B £ 4

Lo P oWl

_u-/g

HIRAF
F ik B0 D S T F R

[ £ #217 ] Canny # b :i?aiﬂfd%i;ﬁiklﬁ AANEC 5 PRI

I LER A AR IR PRI 09 2 % AP 345 8 dB, L7 kAl
P‘-;
[CHkFRERS A

An improved Canny edge detection algorithm
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Abstract: We introduce an improved Canny edge detection algorithm for extracting much more edge information with less
noise. Firstly, the background noises of images are eliminated using fuzzy mathematical method, and the random noises of
images are removed using median filtering and Gaussian smoothing filter. And then, the gradient vector and gradient

magnitude of every pixel point in images are obtained utilizing the difference method, and the extreme points are obtained

using non-maximum suppression method. Finally, the edge images are achieved based on the extreme point images and
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thresholds which are automatically selected based on maximum entropy algorithm, and the edge images were further

processed utilizing the edge tracing and noise eliminating methods. The results show that the signal to noise ratio of edge

images obtained with improved algorithm are increased by 8 dB, compared with that of edge images obtained with Canny
method. The improved Canny algorithm can obtain much more edge information and less noise than Canny algorithm
Keywords: Canny edge detection; edge tracing; maximum entropy; fuzzy mathematics; median filtering
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Fig.1 Flow chart of non—-maximum suppression
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Fig.2 a-d denoted original medical images; e-h denoted the experimental
results of Canny edge detection; i-m denoted the experimental results of
improved Canny edge detection.
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Fig.2 Comparison of experimental results between Canny algorithm

and improved Canny algorithm

PRI B TP, (AR A AN RE 56 40 2 52 Br b 1 7
B, Canny AR, EARFIF T i 300 1 v i
R it PG b R M 7S ) T, (R R AN REAT AL S BR T
SR RN AL PR 5200 o X 1 A T AR AE Y
(R, FATTHR L0 B TR Ry (0 SRR s R R 1%
FEARH (B R A T B BE AT LM P A% 52

FE58 /Y Canny P ZRGIN J5 k38 1< 1817 (A, B 5
AT LLGE BN [A] A IR, AT R AN [R5 oK o (3



8 HKOGE, 55 —FeHE R Canny 1 A6 Bk - 815 -

TH 5 1 B MR e — B A IR, AN R 9 R 1R
s ZEANR B BIE, A RERS B B AR A I ACR , — 11
{E A B X L 1) PR AR G, o HL A S Y
IR A —E & . IS, FRATTAb HE A (K5
TAETTAL 5 BN W 2SS B, A RE O T R A 2
Heo BPREGAE R AN T REFI N 07 AN B 25
VAT B, B UM FLRE W7 35 1 Sloseis B (e, 16 3
JRR] BEf U (Y T GRS OR | J2 [T AR A B 4l o 22
WFFET5 1) o VF 2 BETEE B AE IR R A 3 BE L BT
P, HA ROy T B e i G I O vk B9 H Ol Y R
T3 FERATRBETE O T 3R RA Y A 1S AR
T3, B BT R ORI Y [ 2h B E SO . st
RIFE SR Canny 10 2N 512 B 25 REA T LA, Ik
AT A O SR A R

P53 G A I AE A SR L 5 s A8 PR ) (F2 22
M FIRBOHGARE) B8] (220 TR 31
Y FAR i B ) AR BCHE CIELPEBCHE T
SRS HE A BC RS DE) T B F RN o AR SERY
Canny JAZAGIN 74 T AIERLRE S 22, AT
F s GRA | A 3o BRI A S R HE . Bl Y
J7 ik T RERS A S BRI (E O AL 1WA LR Ty
2 T ULRAT AR A& N RE ST, AT AR T A 3B
AV INEE=I el S R SR EY W 1

4 % &

TEABEFE R, FATTEE X H A2 G A I v A7 A F)
) R, 4t — R R A Canny 3 ZRAGIN 303, S B0 45
AR R A9 S5 B R A PO P RE T, RERS A
Rt v A P 1 SNR, A 45 it 2 HL AT B /b e
MBS RE  FET R F 3l B (e Rl
A b e A B & L BE DT o

[5% k]

[1] AL-DMOUR H, AL-ANI A. Quality optimized medical image
information hiding algorithm that employs edge detection and data
coding[J]. Comput Methods Programs Biomed, 2016, 127: 24-43.

[2] ALSHAYEIJI M, AL-ROOMI S A, ABED S. Optic disc detection in
retinal fundus images using gravitational law-based edge detection[J ].
Med Biol Eng Comput, 2016: 1-14.

[3] CHOUDHRY P. High-throughput method for automated colony and
cell counting by digital image analysis based on edge detection[J].
PLoS One, 2016, 11(2): e0148469.

[4] KOPPAKA S, SHKLYAR I, RUTKOVE S B, et al. Quantitative
ultrasound assessment of Duchenne muscular dystrophy using edge
detection analysis[ J]. J Ultrasound Med, 2016, 35(9): 1889-1897.

[5] MANDAL S, VISWANATH P S, YESHASWINI N, et al. Multiscale

edge detection and parametric shape modeling for boundary

delineation in optoacoustic images| J|. Conf Proc IEEE Eng Med Biol
Soc, 2015: 707-710.

[6] STEVENS C F. Novel neural circuit mechanism for visual edge
detection[J]. Proc Natl Acad Sci USA, 2015, 112(3): 875-880.

[7] CANNY J. A computational approach to edge detection[J . IEEE Trans
Pattern Anal Mach Intell, 1986, 8(6): 679-698.

[8] COLEMAN S A, SCOTNEY B W, SUGANTHAN S. Edge detecting
for range data using Laplacian operators [J]. IEEE Trans Image
Process, 2010, 19(11): 2814-2824.

[9] EVANS AN, LIU X U. A morphological gradient approach to color
edge detection[J |. IEEE Trans Image Process, 2006, 15(6): 1454-1463.

[10] HAQ I, ANWAR S, SHAKH K, et al. Fuzzy logic based edge detection
in smooth and noisy clinical images[J]. PLoS One, 2015, 10(9):
e0138712.

[11] GARDINER B, COLEMAN S A, SCOTNEY B W. Multiscale edge
detection using a finite element framework for hexagonal pixel-based
images|J |. IEEE Trans Image Process, 2016, 25(4): 1849-1861.

[12] AYDIN T, YEMEZ Y, ANARIM E, et al. Multidirectional and
multiscale edge detection via M-band wavelet transform[J]. IEEE
Trans Image Process, 1996, 5(9): 1370-1377.

[13] KASPERSEN J H, LANGO T, LINDSETH F. Wavelet-based edge
detection in ultrasound images|[J |. Ultrasound Med Biol, 2001, 27(1):
89-99.

[14] MALLAT S, ZHONG S F. Characterization of singals from multiscale
edges|J . IEEE Trans Pattern Anal Machine Intell, 1992, 14(7): 710-
732.

[15] DOLLAR P, ZITNICK C L. Fast edge detection using structured forests
[J]. IEEE Trans Pattern Anal Mach Intell, 2015, 37(8): 1558-1570.

[16] ZHENG Y, ZHOU Y, ZHOU H, et al. Ultrasound image edge detection
based on a novel multiplicative gradient and Canny operator [J].
Ultrason Imaging, 2015, 37(3): 238-250.

[17] BAO P, ZHANG L, WU X. Canny edge detection enhancement by
scale multiplication[ J]. IEEE Trans Pattern Anal Mach Intell, 2005,
27(9): 1485-1490.

[18] HENSTOCK PV, CHELBERG D M. Automatic gradient threshold
determination for edge detection[J . IEEE Trans Image Process, 1996,
5(5): 784-787.

[19] MEDINA-CARNICER R, CARMONA-POYATO A, MUNOZ-
SALINAS R, et al. Determining hysteresis thresholds for edge
detection by combining the advantages and disadvantages of
thresholding methods| J ]. IEEE Trans Image Process, 2010, 19(1): 165-
173.

[20] RAKESH R R, CHAUDHURI P, MURTHY C A. Thresholding in
edge detection: a statistical approach [J]. IEEE Trans Image
Process, 2004, 13(7): 927-936.

[21] ASGHARI M H, JALALI B. Edge detection in digital images using
dispersive phase stretch transform[J . Int J Biomed Imaging, 2015:
687819.

[22] LIU X F, YAO X R, LAN R M, et al. Edge detection based on gradient
ghost imaging[J|. Opt Express, 2015, 23(26): 33802-33811.

[23] PEREZ-ORNELAS F, MENDOZA O, MELIN P, et al. Fuzzy index
to evaluate edge detection in digital images[J]. PLoS One, 2015, 10
(6):e0131161.

[24] THIRUMAVALAVAN S, JAYARAMAN S. An improved teaching-
learning based robust edge detection algorithm for noisy images|[J ].
J Adv Res, 2016, 7(6): 979-989.

(4 TR &)



