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A Novel Edge Detection Method Based on Fractional-order Calculus Mask

HE Chun' YE Yong-Qiang! JIANG Bin! ZHOU Xin?

Abstract In this paper, a new edge detection operator based on a composite derivative is proposed, which is realized
by the combination of fractional differentiation and integration. The new complex edge-detection mask is also deduced
for the implementation of fractional differentiation. The abilities of the compound derivative in terms of approximate
simulation of first-order derivative and suppression of noise are demonstrated through one-dimensional examples. The
experimental results of two-dimensional examples indicate that without the contamination of noise, the new operator
can accurately detect the edge, while with the noise contamination, the new operator can effectively suppress the noise.
Finally, quantitative analysis of the new operator is given. The results of the comparison between the new operator and

Canny operator show that the new operator has the advantage of a low mispositioning rate.
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Table 4  Positioning errors for the synthetic triangles
GERTR PREES oS
Canny 0.5019 0.5112
PEZEEBABMET (=08, 38
0.4952 0.5000
= 0.2, m = 1, width = 2)
BEEBRABIE T (o = 0.6, 8
0.4952 0.5000
= 0.4, m = 1, width = 2)
BENEBRABIE T (o = 0.8, 8
0.4950 0.5000
= 0.2, m = 100, width = 2)
BEEBRABMIE T (o = 0.8, 8
0.5024 0.5024

= 0.2, m = 1, width = 4)

AE BT ERIAIE T, Canny 5H -1~ H B3 wi kb 22
R B MR R 1) s (ESF- 3 AL B R I S T R 1A
GeAn B RO Y BRI R I 25 R B, B A
WA I A B LR, D9 ARRIL T AR LF 1 22
Wehe Sy, M OR B T 5 2 M S A5 B BRI AL B
e HARAE T FE R I 3 Z iy 7 59k T L Canny 7
TR B 2 LS Al 2, D B ARG 2. T Ab, SE
00 25 S O Sy A 38 S TR) A0y F P A7 5 T a8 1
Canny 5 7. HAIX T Canny 57, 8 5032 75 Bk
— DA R TG AS I 1 5 AR L

MNH T 18 1T BUE H ) 23 E508 20 Bk o3 A4y
B IRAR 53 20 R B2 A R U PR I A B
] DA G S B S i 9 HAE %A v -0 Titdd
BN, W DA BRI R0y RSl 25 SR 1R s . AR SO FH A
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Table 5  F-values of different algorithms for the synthetic circle with noise added

XN e =005  MAoc=01 JMMAoc=02

ik AN e
PRy Ry Ry
Canny 0.9690 0.0923 0.0615 0.0614
Canny (% [0.12 0.3]) 0.9686 0.9694 0.9680 0.7549
PEEBAEME T (a = 0.8, 8 = 0.2, m = 1, width = 2) 0.9600 0.0493 0.0463 0.0468
BAEBINME T (o = 0.6, B8 = 0.4, m = 1, width = 2) 0.9600 0.0531 0.0479 0.0468
PHEEIRABMET (a = 0.8, B = 0.2, m = 100, width = 2) 0.9594 0.0539 0.0485 0.0478
PEEBAEME T (a = 0.8, 8 = 0.2, m = 1, width = 4) 0.9594 0.0531 0.0498 0.0506
WEE TN [0.12 0.3] (a = 0.8, 8 = 0.2, m = 1, width = 2) 0.9600 0.9594 0.9601 0.9626

# 6 ARFEAEMAME SN T =M F{E
Table 6  F-values of different algorithms for the synthetic triangles with noise added

AN o =0.06 MAoc=01 MmMAoc=0.2

Sk L
e 7 e 7 g 7
Canny 0.9803 0.0648 0.0498 0.0395
Canny (Mt [0.12 0.3]) 0.9785 0.9781 0.9776 0.9635
FHEBAEET (o =08, 8=0.2, m =1, width = 2) 0.9762 0.0316 0.0313 0.0304
BENEBRIABE F (o = 0.6, B8 = 0.4, m = 1, width = 2) 0.9762 0.0329 0.0311 0.0309
BRI T (o = 0.8, B = 0.2, m = 100, width = 2) 0.9762 0.0349 0.0320 0.0312
BB T (@ = 0.8, B8 = 0.2, m = 1, width = 4) 0.9761 0.0345 0.0336 0.0329
BENE NBMERN [0.12 0.3] (« = 0.8, 8 =0.2, m = 1, width = 2)  0.9762 0.9601 0.9133 0.9449
R 7 5 AEANIRIGIE T RIS S A A A7 * 8 KT AEARIEE NS RN AE S &
Table 7 Execution time and memory footprint Table 8 Execution time and memory footprint
for Fig. 5 for Fig. 17
Ok IBATIFIE] (s)  PAEA TR (MB) % IBATISIE] (s)  PAFdT TR (MB)
Canny 0.1936 34.32 Canny 0.1414 32.50
WEEBBE T (o = 0.8, 8 0.1626 39,48 WEEBABE T (o = 0.8, 8 0.1270 32.40

= 0.2, m = 1, width = 4) = 0.2, m = 1, width = 4)
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Fig.18 Synthetic triangles to be detected

WG BRI 45 A5 A 70 Jall S BB S04 v B TE T B 2
R ARy F. S, S A3 B9 TR 4 1) B2 R
B A 59 T BUAT S BOREAR ) 4B B, AR 1
Hyia FIE IR Al v 5 | N R8O SO al AT R AT
RO AR IR AR 3 3 B A SO DR O R 453K
SR (R A 0 il A, A R S R [R] I T
LAJ5 A b~ 47 40 M A AR UK 5. O S3k vl AT I
P o — B IR R A T MR AIURE . A SIZ 36 45 3 mT LA
A, BRI R L B R (m = 2 ~
4), SRR AR, SR TR A = TS 5
ik, BLHE— 2D P S A A DR FE AN U R fE.
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