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Abstract: Compression process is very important for data transfer in information technology. The
difficult part of the data compression process is keeping quality of data transferred at high
compression ratio. In this research we introduce a new image compression process that uses both
fractional Fourier transform and wavelet. While wavelets are the best method for feature
extraction from the image, the low frequency of wavelet decomposition are the part in
compression process that most of the present methods don’t touch it. On the other hand, fractional
Fourier transform is a suitable and helps in the compressed coding of the image. Hence, we have
used fractional Fourier transform to compress sub-bands of the wavelet. In this technique, an
image is divided into low frequency and high frequency sub bands by using (Daubechies wavelet
filter) and level one quantization for both low frequency and high frequency sub bands. The low-
frequency sub bands are compressed by using Fourier transform with optimal fractional solution,
and high-frequency sub bands are compressed by removing zeroes and storage only non-zero
blocks and its position. The compressed wavelet coefficients are compressed by applied of level
two quantization and kept as array. This array is programmed by using arithmetic encoder and
followed by run length programing. The experimental results of the proposed technique with a
different testing image are compared with some of the existing image compression techniques.
The results show that the proposed technique has un important enhancement in reconstruction of
image quality.
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1. Introduction

The image compression process in the past has developed the field of data
communication. In these days high-definition photograph editing, live video stream and
multimedia messages are easy and fast because of compression process [1, 2]. The
compression process services in representing the original image with a smaller number
of bits. Time frequency-based compression techniques have the property of multi scale
description, which gives high quality of image rebuilding [3-5]. Popular compression
technique JPEG 2000 [6] practices discrete wavelet transform that splits the image as
tiles in small number. The wavelet transform is applied to each tile independently to
improve the quality of the reconstructed original image. However, the growth in the
number of tiles leads to aliasing result [7, 8], which is a limitation of this process.
Discrete fractional Fourier transform (DFrFT) is a simple programing process which
explains the characteristics of signals, step by step by varying them from a time domain
to the frequency domain as 0 to 1. The fractional part in DFrFT delivers the additional
degree of freedom in calculations of coefficient values and also helps in a compact
programing of information with the smaller number of discrete Fourier transform (DFT)
coefficient values [9].
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Some compression procedures [10-12] use wavelets, and a lossless image compression technique [13] uses a
mixture of wavelet transform and particular value decomposition to return a good resolution in image reconstruction
quality. A mixture of wavelet with a discrete transform (DT) [14] displays an increase in compression performance
with a big computational time.

This research is planned as follows: First: explains the usage of wavelet transform and DFT in image compression.
Second: offerings a proposed image compression process. The final results and examination are discussed.

2. Discrete wavelet transform and Fourier transform

2.1 Discrete wavelet transform

The multi resolution structures of wavelet transform offer the graded set of scaling and wavelet functions to appear
an original signal with less number of frequency tasters. For each decomposition level, it makes two classes of wavelet
coefficient values (approximate and detailed) [15, 16]. In two dimensional wavelet decomposition, for each level, it
products approximate, horizontal detail, vertical detail and diagonal detail sub bands shown in Fig(2).

In wavelet decomposition process, for each level of decomposition, wavelet coefficient values are decimated by a
factor two, which services in reaching good compression ratio. In wavelet decomposition, low frequency wavelet
coefficient values are spread towards top left corner and high frequency detailed coefficient values are spread to the
bottom right corner. As decomposition level rises, the detailed coefficient values are developed by less important
wavelet coefficient values for the reconstruction procedure, and by ignoring the very first level of detailed coefficient
values may yield the highest compression ratio [17].

Daubechies (Db) mother wavelet is the most generally used wavelet in an image compression process, as is
orthogonal wavelets of compact sustenance. The (Db) wavelets used meeting window function, and the decomposed
wavelet coefficient values emulate all variants between pixel intensities, which are useful in the programing of
important coefficient values for image compression process.

The Daubechies 5 mother wavelet, which is used in this proposed work, has five wavelet and scaling coefficient
values [18].
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Figure 1. Wavelet decomposition coefficients for the first level
2.2. Discrete fractional Fourier transform

The growth of continuous fractional Fourier transforms for signal examination made many scientists to develop a discrete part
for it. There are some approaches to calculate the matrix of this technique. Time constraint through computational method is
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desirable [19]. This technique defined in [20] practices a set of vectors of the Discrete Fourier transform matrix as a complement to
the Hermite Gaussian function which look likes this technique.

3. Methods

This study improves the compression performance by utilizing the best transform features. The low-frequency (LL)
and high-frequency (non-LL) sub bands of a source image can be utilized to extract the spectrum using the wavelet
transform. The following lists the steps that make up the suggested technique shown in Figure 2.

Image

Decomposition

LL
MNon-LL
Quantization
Blocks DFrFT

Ignore MNon zero

Blocks

Quantization 2

Mon zero Blocks reduced

Arithmetic Encoder

Figure 2. Block view of a proposed method

First Step To begin, determine the dimensions of a test image and use the mother wavelet Daubechies of scale 5 for
the two-dimensional discrete wavelet transform for decomposition. There are LL and non-LL sub-bands in the source
image. Step 2: To improve the correlation, apply level 1 quantization to the decomposed subbands.

It is the product of the quantized sub-band (either LL or non-LL) median value and the defined quantization scale*
(0.01 for LL and 0.1 for non-LL). By dividing the decomposed sub-bands by the factor, the new quantized sub-band.
Quantization scale 0.01 denotes a division of 1% by the median value in the LL sub-band by all of the values in the LL
sub-band. Since non-LL subbands require coarse quantization and are less significant, they are given a large
quantization scale. Step Three LL sub-band coding In the level 1 quantized LL sub-band, one-dimensional DFrFT with
the optimal fractional order (opt) is applied to every column. Coefficients are organized into two-dimensional arrays
following DFrFT compression. Level 2 quantization is then applied to the transformed matrix in order to divide the
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values. Step 4: Non-LL sub-band coding Quantized non-LL sub-bands at Level 1 are divided into standard-sized non-
overlapped blocks, such as 4 x 4, 8 x 8, and so on. Make a regular 4-by-4 window and slide it up to the end of the sub-
band and left to right. If a nonzero value is discovered in the block, both its position and value will be kept.

Zero-numbered blocks are ignored and not kept. For nonzero blocks, use quantization level 2 and save the results as
a reduced array.

Step 5: Since reduced arrays are encoded using an arithmetic encoder and contain both positive and negative values,
they are all encoded into a compressed bitstream. In order to eliminate encoding values that recur frequently, this
encoding strategy also uses a run-length encoder (RLE).

Step Six The arithmetic decoder decodes decreased arrays during the decompression phase, which is the opposite of
the compression process. The level 2 quantization factor and inverse DFrFT with fractional order were used to retrieve
the LL sub-bands. In a similar vein, non-LL sub-bands moved back to their initial positions, and any leftover blocks
were padded with zero. To rebuild the original image, multiply the quantization factor for each non-LL sub-band once
more and use an inverse discrete wavelet transform.

4. Results and discussions

We have selected original test photos with a standard resolution, such as an a house, boat, aerial, peppers and
Barbara to assess our compression algorithm. Two optimization techniques are used by this algorithm to improve the
performance of lossless compression.

1. Choosing an appropriate mother wavelet The decomposition process of this approach makes use of "Daubechies"”
tap-5 (DB-5) mother wavelet filters. With the set of quadrature mirror filters, its five vanishing moments are sufficient
to eliminate the non-significant wavelet coefficients.

2. Fractional order optimization This approach compresses the LL sub-band using a one-dimensional DFrFT kernel
with optimal fractional order. Because of their strong correlation, the wavelet coefficients in LL sub-bands require
particular fractional orders to be compressed. As a result, fractional orders are computed by hand, and one particular
value is chosen to yield the maximum CP. We compute the best fractional orders using the LL sub-bands of the images
for discussion's sake. for LL and non-LL sub-bands) will not alter the information.

The compression algorithm is put into practice and assessed as follows by utilizing all of the aforementioned
optimization techniques: The PRD and PSNR values of the suggested approach at high compression percentages,
ranging from 50% to 100%, are tabulated in together with the ideal fractional orders for the image. Fractional orders
ranging from 0.94 to 0.99 are used to lower the PRD and raise the PSNR values. For both the decomposed wavelet
coefficients and the original picture compression. The wavelet coefficients in LL sub-bands exhibit high correlation,
making it challenging to distinguish between significant and non-significant coefficients.

Even with significant loss in the reconstructed image, the PSNR value is still high. By calculating the pixel-to-pixel
error between the original and reconstructed images, however, measuring PRD is helpful for refining this technique as
lossless compression.

5. Conclusion

In this paper, a lossless image compression technique based on a one-dimensional DFrFT and two-dimensional
DWT combination is introduced. The algorithm's efficiency is increased by using wavelet decomposition to extract sub-
bands at various frequencies and by using DFrFT to compactly code the low-frequency sub-band. The proposed method
operates efficiently at high compression percentage, despite its limitations, which include the decoder's dependence on
the encoded bitstream and the reconstruction of the original image using fractional orders ranging from 0.80 to 0.99.
These limitations are demonstrated by the results and a comparative study with other algorithms. The reconstruction
quality is higher with this compression ratio as well, which may be advantageous for applications involving the
compression of multimedia images.

28
Int. J. of Computational and Electronic Aspects in Engineering @MMEP“E“S”E“S



Faris Sattar Hadi

References

[1] Sakhdari M, Hajizadegan M, Li Y, Cheng MM, Hung JCH, Chen P (2018) Ultrasensitive, parity-time-symmetric
wireless reactive and resistive sensors. IEEE Sens J 18(23):9548-9555

[2] Fukushima Y, Fukuma M, Yoshino K, Kishida S, Lee S (2018) A KOH solution electrolyte-type electric double-
layer super capacitor for a wireless sensor network system. IEEE Sens Lett 2(3):1-4

[3] Mihlbacher-Karrer S et al (2017) A driver state detection system— combining a capacitive hand detection
sensor with physiological sensors. IEEE Trans Instrum Meas 66(4):624-636

[4] Karunarathne Maddumage S, Li S, Pathirana P, Williams G (2018) Entropy-based method to quantify limb
length discrepancy using inertial sensors. IET Wirel Sens Syst 8(1):10-16

[5] Jiang X, Ding H, Zhang H, Li C (2017) Study on compressed sensing reconstruction algorithm of medical image
based on curvelet transform of the image block. J Neuro-Comput 220:191-198

[6] Rabbani M, Joshi R (2002) An overview of JPEG2000 still image compression standard. J Signal Process Image
Commun 17:3-48

[71 Yang X, Sun Q, Wang T (2018) Image quality assessment improvement via local gray-scale fluctuation
measurement. J Multimedia Tools Appl 77:14-32

[8] Ma T (2018) Low-complexity and efficient image coder/decoder with quad-tree search model for embedded
computing platforms. IET Image Proc 12(2):235-242

[91 Zhang X, Ling BW, Dam HH, Teo K, Wu C (2018) Optimal joint design of discrete fractional Fourier transform
matrices and mask coefficients for multichannel filtering in fractional Fourier domains. IEEE Trans Signal
Process 66(22):6016-6030

[10] Bruylants T, Munteanu A, Schickens P (2015) Wavelet-based volumetric medical image compression. J Signal
Process Image Commun 31:112-133

[11] LiuN, Tao R, Wang R, Deng Y, Li N, Zhao S (2017) Signal reconstruction from recurrent samples in fractional
Fourier domain and its application in multichannel SAR. J Signal Process 131:288-299

[12] ShiJ, Liu X, Sha X, Zhang Q, Zhang N (2017) A sampling theorem for fractional wavelet transform with error
estimates. IEEE Trans Signal Process 65(18):4797-4811

[13] Rufai AM, Anbarjafari G, Demirel H (2014) Lossy image compression using singular value decomposition and
wavelet difference reduction. J Digit Signal Process 24:117-123

[14] Siddeq MM, Rodrigues MA (2015) A Novel 2D Image compression algorithm based on two level DWT and
DCT Transforms with an enhanced minimization-matrix-size algorithm for high resolution structured light 3D
surface reconstruction. 3DR Express 26:6-26

[15] Gonzalez RC, Woods RE (2001) Digital image processing. Addison- Wesley Publishers, Boston

[16] Strang G, Nguyen T (1996) Wavelets and filter banks. Wellesley- Cambridge Press, Wellesley

[17] Solemon D (2007) Data compression: the complete reference, 4th edn. Springer, London

[18] Shi J, Zhang N, Liub X (2012) A novel fractional wavelet transform and its applications. Sci China Inf Sci
55(6):1270-1279

[19] Wang S et al (2015) Texture analysis method based on fractional Fourier entropy and fitness-scaling adaptive
genetic algorithm for detecting left-sided and right-sided sensor in neural hearing loss. J Fundam Inform
151(4):505-521

[20] Serbes A, Dakota L (2011) The discrete fractional Fourier transform based on the DFT matrix. J Signal Process
91:571-581

[21] Wilkinson JH (1998) The algebraic eigenvalue problem. Clarendon Press, Oxford

[22] Lakhani G (2013) Modifying JPEG binary arithmetic codec for exploiting inner/intra-block and DCT coefficient

sign redundancies. IEEE Trans Image Process 22(4):1326-1339

29

Int. J. of Computational and Electronic Aspects in Engineering https://www.rame.org.in/ijceae/



	1. Introduction
	2. Discrete wavelet transform and Fourier transform
	3. Methods
	4. Results and discussions
	5. Conclusion
	References

