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Research on TV-L! Optical Flow Model for Image Registration Based on

Fractional-order Differentiation
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Abstract In computer vision and medical image analysis, non-rigid image registration is a challenging task. TV-L!
(Total variation-L') optical flow model has been proved to be an effective method in the field of non-rigid image registration.
It can solve the problem of fuzzy edge caused by smooth displacement fields of Horn-Schunck, but its first-order derivative
in regularization term leads to fuzzy texture information with weak derivative property. Aiming at the problem, this
paper introduces G-L (Griinwald-Letnikov) fractional differentiation to TV-L' optical flow model, and proposes a new
TV-L! optical flow model based on fractional differentiation, and then finds the solution of the model using primal-dual
algorithm. In this paper we use Griinwald-Letnikov fractional order differential instead of the first-order derivative in the
regularization term for its better ability of detail description than first-order’s. Then we purposefully control to retain
or inhibit the texture information with weak derivative nature, thus improving the registration accuracy. Experimental
results show that the proposed method has a better registration accuracy in registration of texture information with weak
derivative, and that it can be considered an important extension and generalization of TV-L' optical flow modes.
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differentiator
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Fig.4 Experimental images (The first line are reference images, the second line are floating images corresponding to

reference images)
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Fig.5 Lena image (The first line is floating image and registered image, the second line is difference image. (a) Floating
image, (b) ~ (e) are registered images, (b) TV-L', (c) Our method (o = 1.2,k = 1), (d) Our method (o = 1.2,k = 2), (e)
Our method (a = 1.2,k = 3), (f) ~(j) are difference images)
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Fig.6 Curve between registration accuracy with mask parameters
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Fig.7 Brainl image (The first line is floating image and registered image, the second line is difference image. (a)
Floating image, (b) ~ (e) are registered images, (b) TV-L!, (c) Our method (o = 1.3,k = 1), (d) Our method
(e = 1.3,k =2), (e) Our method (a = 1.3,k = 3), (f) ~ (j) are difference images)
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Fig.8 Brain2 image. The first line is floating image and registered image, the second line is difference image ((a)
floating image, (b) ~ (e) are registered images, (b) TV-L*, (¢) Our method (o = 1.3, k = 1), (d) Our method (a = 1.3,
k =2), (e) Our method (a = 1.3, k = 3), (f) ~(j) are difference images)
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®1 SHEBREHER B RE (MSE)

Table 1  Mean square error (MSE) of reference image and registered image
LN FC T TV-L* A (k=1) A (k=2) R (k=3)
Lena (a=1.2) 669.33 14.86 10.36 9.17 11.56
Brainl (o =1.3) 295.85 27.51 18.20 15.93 20.22
Brain2 (a=1.3) 813.77 31.02 11.47 9.95 17.89
%2 W5 (PSNR)
Table 2  Peak signal to noise ratio (PSNR)
WA BCiE Rl TV-L! AFY: (k=1) ALHE (k=2) A (k=3)
Lena (a=1.2) 19.32 35.55 38.18 38.88 37.50
Brainl (a=1.3) 22.78 33.73 35.34 36.17 34.89
Brain2 (o =1.3) 19.03 31.21 37.73 38.15 35.60
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