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Fractional Differential and

Its Application in Image Texture Enhancement

ZHAQ Jian
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences
Changchun 130033, China, E-mail : zhaojian6789 @126. com)

Abstract: In order to enhance the edge and texture of the blurred image, making the details
clearer, it is need to sharpen the image edge. The existing enhancement methods are integer-
order differential sharpening and high-pass filter. As the enhanced effect of these methods is
still not ideal, this paper introduces fractional differential operator. Fractional differential
operator can greatly enhance the image edges and the texture details, can retain the smooth
region information non-linearly and avoid large noise. The principle and the advantages and
disadvantages of Tiansi fractional differential operator is studied and analyzed. This paper
propose a new fractional differential operator, which can enhance the image edge and texture
details better, while ensuring the image brightness balanced, and inhibiting the small noise.
From the quantitative point of view, the average gradient of this improved fractional diffe-
rential operator increases 3. 8 times than original image. It verifies that the improved frac-
tional differential operator has an advantage over the integer-order differential operator such
as the Laplace operator and Tiansi fractional differential operator. And the algorithm is sim-
ple and easy to implement. It can be used for engineering applications in real-time image pro-
cessing system.
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Fig. 1 Fractional differential operator
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Fig. 2 Improved fractional differential operator
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Fig. 3 Comparison of the enhancements of different shar-

ping operators. (a) Original image; (b) Laplace

operator; (¢) Tiansi operator; (d) the Improved

operator.
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Fig. 4 Comparison of the enhancements of different shar-

ping operators. (a) Original image; (b) Laplace
operator; (¢) Tiansi operator; (d) the Improved

operator.
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Table 2 Entropies and average gradients of the four ima-

ges of Fig. 4
H o EHib EHio EiD %ﬁlﬂ’ﬂ?@ﬁﬁfJﬁ@%ﬂ@éﬁ(}i?ﬁ%%ﬂﬂ%%ﬁ,lﬁlﬂﬂL
T PRAEER I 5E BEAR R AR R . S5 R R AR
reeme ' ' Y SCHCHE 8 43 B0 43 S 5 S0 R 24 8 B 1
IR E 4.689 2 18.3064 15.3154 22.728 1 A 55, 2 T T R A4 R A T o 4 S
& £ X #:

[ 1] ke, A PR, JE T 5e o a ot (R 5 oy vk [J]. & & 5 247 ,2010,25(2) :273-277.

C2 ] FhF M, . ST/ P38 e S5 A g e Fy e LT S PR 58 T ). o 5 277, 2010,25(3) 1 439-443.

L3 THE T IV sh A 415 . 55 L 2 T 1 I 0 5B 30 i ik A KRR R RGEL) ). & & 5 27 ,2011,26(5) :673-676.

[ 4 ] Loverro A. Fractional calculus:history., definitions and applications for the engineer [R]. US: Department of Aero-
space and Mechanical Engineering University of Notre Dame, 2004.

L5 1 #akrh BOR , = 4% X, 55, T 20 8O0 ok 9 IEHR 3 [T . 3+ AL 4 b %3t 5 B & % 31, 2008.,20(3):
343-348.

[6 ] PUYF, ZHOU J L, Yuan X. Fractional differential mask:a fractional differential-based approach for multiscale
texture enhancement[J]. IEEE Transactions on Image Processing , 2010,19(2) :491-511.

[ 7 17 AE. H 2 BB o 5 AR R AL BRI . w9 ) K5 52 4R.2007,39(3) 1 124-132.

[ 8 ] Cafagna D. Fractional calculus: a mathematical tool from the Past for present engineers|J]. IEEE Industrial Elec-
tronics Magazine, 2007,1(2) :35-40.

[ 9 ] Miller K S, Ross B. An introduction to the fractional calculus and fractional dif ferential equations | M ]. USA.;
John Wiley & Sons, 1993.

[10] Zhang W W, Zhou S B, Li H, et al. Chaos in a fractional-order rossler system[ ] ]. Chaos, Solitons and Fractals ,
2009,42(3):1684-1691.

[11] Ubriaco M R. Entropies based on fractional calculus[J]. Phys. Lett. A, 2009,373(30):2516-2519.

[12] Shannon C E. A mathematical theory of communication [J]. Bell System Technical ,1948,27(1) :1-54.

[13] Groenewald A M, Arbard E., Otha E C. Related approachees to gradient-based thresholding[ J]. Pattern Recognition
Lert. ,1993.14(7) .567-572.

C14] SO A B0 R ¥ L 8. A6 T K B 30 A 40 M B AR AR B I BR 2 B AR R [T ). AR b X 52 31, 2010,31(3)
358-365.



