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1. Fractional Fourier spectral method

In this section, we will fractional Fourier spectral method for our time dis-

cretized scheme (11). The fractional time discretized scheme with 0 < ζ ≤ 2

is,
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and we assume the Neumann boundary condition

∇Ui · n = ∇(∆Ui) · n = 0 on ∂Ω (2)

where n is outward normal to the boundary.

To define fractional Laplacian we have used the eigenfunction expansion

like in [1, 2]. For Laplace eigenvalue problem with zero Neumann boundary
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condition in Ω = [0, a]× [0, b] has eigenvalues
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Let us define the space [2],

Uζ :=
{
u =
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Then for any u ∈ Uζ , the fractional Laplace operator can be defined by
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Hence (−∆)
ζ
2 has the same interpretation as −∆ in terms of its spectral de-

composition. Fourier spectral methods represent the truncated series expansion

when a finite number of orthonormal eigenfunction {φm,n} is considered. Tak-

ing Fourier transform of (1) and using the spectral decomposition of Laplacian

(4) we get
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where κ = ∇ ·
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. In every time step we will calculate the Ûk

and the real part of the inverse Fourier transform will be the solution Uk. The

fractional scheme gives the flexibility to choose the fractional power ζ which

gives better result than the integral power.

2. Results using fractional Fourier Spectral methods

In this subsection we have tested our model using the fractional version of

the proposed model (5). For this case also we have fixed all the parameters

as earlier except λ of the first stage and the α in the second stage. First we
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Figure 1: Segmentation of Real World images by our Fractional model with four different

fractional power ζ = 1.2, 1.4, 1.8, 2 respectively.
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Figure 2: Comparison of Segmentation result obtained by our fractional model with the result

of model [3].

have shown two results with different fractional power ζ and observed that the

model is giving better result than the case ζ = 2 which corresponds to the

actual discretisation. After that, we have compared our results with the result

of model [3] only. Also we have used the fractional power ζ = 1.2 for all our

experiment of this subsection.

In Fig 1, we have taken two images from from BDS300 collection and seg-

mented by using our fractional model with different fractions ζ. We have shown

results corresponding to ζ = 1.2, 1.4, 1.8, 2 for both the images. For both the

images the parameters are λ = 5× 102 and α = 0.003. From the figure one can

see that the results corresponding to ζ = 1.2 and 1.4 are better. For the other

two values of ζ segmentation results have some error. Like in the upper right

corner of the Church image some parts are appearing with intencity different

from rest of the sky part although in the original image in that corner intencity

of blue colour is more. Similarly the peak of the hills are not sharp on the results
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Figure 3: Comparison of Segmentation result obtained by our fractional model with the result

of model [3] on Hill images.

corresponding to ζ = 1.8 and 2.

In Fig 2, we have shown segmented result of two images taken from from

BDS300 collection. In the first column we have included the original image

and the results of [3] and our model are reported in second and third column

respectively. The first image contains two birds image flying in the sky. In this

case we have chosen the parameters λ = 5 × 102 in 1st stage and α = 0.001 in

second stage also we have use the fraction. For the first image we can see that

our model is giving better result than that of [3] model which is evident if we

look at the wings of the bird. The second image is the image of church which

consists of three segments. In this case the parameters are chosen as λ = 5×102

and α = 0.003. From the figure it is clear that our model gives better result

than the Slat model [3] by looking at the cross symbol and the stairs of the

image. Also note that for slat model we have to give number of segments as

input whereas our model automatically gives the number of segments.
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Then we have taken two more natural images from BDS300 collection and

segmented them by our fractional model and compared the with the result of

[3] in Fig. 3. For the first image of the Fig. 3 we have set the parameters as

λ = 5 × 102 and α = 0.003 and those for the second image are λ = 102 and

α = 0.001. Both the images has 6 segments. For the second image both the

model gives almost similar result but for the first model our model gives better

result than [3] model which is evident if we look at the segments of the plants

present in the original image.
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