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Abstract To overcome the edge blurring and the difficulty in edge detection of noisy images, a method for edge
detection of noisy images in nonsubsampled contourlet transform (NSCT) domain is proposed based on fractional
differentiation. This method first decomposes the image by NSCT, and then extracts the contours of the low-
frequency sub-bands. Second, for the high-frequency sub-bands in various directions with more edge details and
noise, the proposed method uses the multi-scale product of the NSCT domain and the direction fractional differential
matrix to perform threshold denoising and enhance information on high-frequency coefficients. Finally, the scale
images of each frequency domain and direction in the NSCT domain are fused to obtain a complete edge image.
Experiments are carried out on different types of original and noisy images, and the average continuous edge pixel
ratio obtained by the proposed method is 0.931 and 0.861, respectively. Compared with Canny operator, fractional
differential detection method, and existing multiscale domain edge detection methods, this method has better edge
detection effect. With the increase of the image noise level, we can obtain a high average continuous edge pixel
ratio, strong anti-noise, and accurate, complete and continuous edges by the proposed method.
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Fig. 5 Edge detection results of Lena image. (a) Low frequency; (b) high frequency scale 1; (c¢) high frequency

scale 2; (d) high frequency; (e) fusion result
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Fig. 6 Edge detection results of cartoon image. (a) Low frequency; (b) high frequency scale 1; (c¢) high {requency

scale 2; (d) high frequency; (e) fusion result
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Fig. 7 Edge extraction results of Lena image. (a) Original image; (b) image with 10% noise; (c¢) extraction result

with 10% noise; (d) image with 50% noise; (e) extraction result with 50% noise
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Fig. 8 Edge extraction results of medical image 1. (a) Original image; (b) image with 10% noise; (c¢) extraction result

with 10% noise; (d) image with 50% noise; (e) extraction result with 50% noise
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Fig. 9 Edge extraction results of medical image 2. (a) Original image; (b) image with 10% noise; (c) extraction result

with 10% noise; (d) image with 50% noise; (e) extraction result with 50% noise
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Fig. 10 Extracted results of methods for Lena image. (a) Canny; (b) method in Ref. [7]; (¢) method in Ref. [15];
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Fig. 11 Extracted results of methods for cartoon image. (a) Canny; (b) method in Ref. [7]; (¢) method in Ref. [15];
(d) method in Ref. [20]; (e) proposed method
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Table 1 Comparison of extracted results of Lena image by different methods

Index Canny Method in Ref. [7] Method in Ref. [15] Method in Ref. [20] Proposed method
a 5064 1754 6872 9532 9841
B 6103 2678 8036 10529 10547
R 0. 830 0.655 0. 855 0. 905 0.933

2 BAIEEX A EAR B0 RES RXT H

Table 2 Comparison of extracted results for cartoon image by different methods

Index Canny Method in Ref. [7] Method in Ref. [15] Method in Ref. [20] Proposed method
a 7762 3378 10378 13213 15693
B 9284 5211 12053 14501 16802
R 0. 836 0.648 0. 861 0.911 0.934
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Fig. 12 Processing results of different methods for noisy Lena image. (a) Method in Ref. [7]; (b) method in Ref. [15];
(c¢) method in Ref. [16]; (d) method in Ref. [20]; (e) proposed method
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Fig. 13 Processing results of different methods for noisy medical image 1. (a) Method in Ref. [7]; (b) method in
Ref. [15]; (c) method in Ref. [16]; (d) method in Ref. [20]; (e) proposed method
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Fig. 14 Processing results of different methods for noisy medical image 2. (a) Method in Ref. [7]; (b) method in
Ref. [15]; (c¢) method in Ref. [16]; (d) method in Ref. [20]; (e) proposed method
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