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Abstract—This paper discusses the image compression
algorithm using Discrete Fractional Fourier Transform with
centered DFT (CDFT) kernel(DFrFT-V). Simulation results
suggested that image compression using DFrFT-V as transform
technique gives better performance when compared to the DFrFT
with DFT kernel. Mean squared error (MSE) and peak signal to
noise ratio (PSNR) are used to determine the performance.
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. INTRODUCTION

An image is a two dimensional (2D) signal representation of
physical things that are continuous in time and space. In the
world of digital machines like computers, a continuous image is
sampled and quantized to get a digital image. Obtained images
require large number of coefficients to depict the energy. And,
shortage of available storage space and limited bandwidth for
communication creates problem for such large sized image.
Thus compression of image is required to counter the problem of
limited storage and transmission bandwidth [1]-[3] while
preserving the visual quality of image at reduced cost.

The process of image compression utilizes the spatial
redundancy [4] and the irrelevant information intact with the
image to reduce the size of image [5]. Image compression
considering no loss of information results in identical
reconstructed image and hence is known as lossless or reversible
image compression [6]. In-order to achieve more extends of
compression lossy or irreversible image compression is
performed. However, lossy image compression results in
impairment known as blocking artifacts. Blocking artifacts are
the boundaries of the adjacent blocks in the image, compressed
via transform coding. JPEG2000 compression algorithm [7],
using discrete cosine transform (DCT) [8], DFrFT [9], discrete
fractional cosine transform (DFrCT) [10] are few compression
algorithm given in the past.

The basic transform given by Jean-Baptiste-Joseph,
popularly known as Fourier Transform (FT) [10] didn’t proved
to be adequate for non-stationary signals. Thus, emergence of
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fractional transform started back in 1929 and became widely
recognized after the work of Namias [11]. Dickinson et al. [12]
gave S matrix which shares one eigenvector set with DFT and
thus used to project Hermite-Gauss eigenvectors [13]. Hermite-
Gauss like eigenvectors are very close to the DFT kernel
eigenvectors and thus a commutating matrix is used to obtain
eigenvectors of the same [13]-[15].

A. Serbeset al. [16] defined DFrFT-V which uses the factors
of a DFT matrix’s basic property according to which identity
matrix can be obtained from the four consecutive Fourier
Transforms. Mathematically, the property is given as

1)

whereX, and I is the centered DFT kernel (CDFT) and identity
matrix of order N respectively. The kernel of CDFT is given as
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The factors of the CDFT matrix are used to obtain four
matrices comprising the eigenvectors of CDFT kernel
consecutively for four eigen values 1 € {1,—j,—1,j}. The four
V matrices for eigen values 1, -1, j and —j respectively are given
as
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where R{} represents the real part and I1{} represents the
imaginary of the matrix.

In-order to obtain the orthonormal eigenvectors Gauss-
Jordan elimination method followed by modified Gram-Schmidt
algorithm is implemented, after which ordinary DFT is obtained
using a shift permutation matrix. The ordinary DFT matrix
kernel Fyis given as

Fy = KyXyKy'(4)

0 I
whereKy = [1 (’)‘] for odd N and
N-k
0 I
Ky = [1 No/z]for even N.
N/2

I11. ALGORITHM

The original image is split into sub-images popularly known
as blocks which are processed independently by the transform
technique i.e. DFrFT-V. The transformed block coefficients are
then quantized to reduce the irrelevant data left with the image
after removing the correlation among the pixels by converting
the pixels into transform coefficients. The inverse of entire
procedure conducted at the encoder end is repeated in reverse
sequence at the decoders end. Thus the encoded image
undergoes inverse transform coding i.e. IDFrFT-V and then the
image is merged to obtain the complete reconstructed image. To
determine quality of the reconstructed image MSE and PSNR
are used. The formula for MSE is given as [5]
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where | and K are the images to be compared.

The formula for PSNR is given as [5]

(6)
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whereMAX; is the maximum pixel value.

IV. SIMULATION RESULTS

The complete procedure of compression is tested on test
image Lena. The simulation results of DFrFT-V have been
compared to DFrFT [17] which suggests that DFrFT-V provides
minute improvement in the visual quality of the reconstructed
images. In-order to achieve simulation simplicity, the value of
a, and a, are taken similar and denoted by a,,.. The plot
between fractional order and PSNR for different compression
ratios shows that for a particular compression ratio, fractional

order affects the PSNR of the reconstructed image. Table
1.compares the optimized parameters of DFrFT-V and DFrFT
for Lena and Fig. 1 shows the reconstructed images of Lena
using DFrFT-V. Effect of fractional order on the quality of the
reconstructed image as been analyzed for compression ratios
10%-70% in Fig. 2 (a).

TABLE 1. OPTIMIZED PARAMETERS OF DFRFT-V AND DFRFT

Compression Transform
Percentage Technique | a,,, MSE PSNR
DFrFT-V 0.99 9.2335 38.47
70 DFrFT 0.99 9.7100 38.25
DFrFT-V 0.99 3.8224 42.30
60 DFrFT 0.98 | 4.7529 41.53
DFrFT-V 0.98 1.4794 45.59
>0 DFrFT 0.97 1.7945 44.55
DFrFT-V 0.97 | 0.5402 50.35
40 DFrFT 0.97 | 0.8604 48.78
DFrFT-V 0.99 | 0.2653 53.89
30 DFrFT 0.98 | 0.2695 53.67
DFrFT-V 0.97 | 0.0832 58.92
20 DFrFT 0.99 | 0.0950 58.35
DFrFT-V 0.99 | 0.0036 69.64
10 DFrFT 0.98 | 0.0062 68.45

V. CONCLUSION

DFrFT-V was well established and tested for one-dimensional
signals. Thus, it’s worth for two-dimensional signal has to be
tested. With this perspective, the effectiveness of DFrFT-V as
transform technique in the compression algorithm has been
studied. DFrFT-V enhanced the quality of the reconstructed
image measured via MSE and PSNR.

(a) Compressed Image at 70% (b) Compressed Image at 50%
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(c) Compressed Image at 30% (d) Compressed Image at 10%

Fig. 1: Compressed image of Lena using DFrFT-V at different compression
ratios
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(b) Comparison between DFrFT-V and DFrFT

Fig. 2: Comparison Graphs for different compression percentages
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