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Articlelnfo | Abstract
This paper introduces a promising hybrid lossless image compression method by combining the
. wavelet transform along with a hierarchal non-linear polynomial approximation model to com-
Received press natural and medical images.
04/09/2016 The test results showed good performance in which the compression ratio is improved about three
times or more on average in compered with the results of a non-linear coding system that does not
Accepted adopt the techniques used in this research.
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Introduction In one-dimensional wavelet transform (1D) the

Image compression is very important in the pre-
sent world for efficient archiving and transmis-
sion. Lossless image compression is character-
ized by preserving image quality; where the im-
age can be reconstructed exactly as the original
image with error free [1]. Unfortunately, there is
a limitation in the compression performance (i.
e., small compression ratio from 2 to 10) because
of exploiting the statistical redundancy only (i.
e., exploits the coding redundancy and/or inter
pixel redundancy) [2] [3] [4].

The performance of a lossless compression sys-
tem can be improved either by combining differ-
ent techniques such as wavelet and prediction or
by exploiting a technique that selects significant
blocks and exclude others [5] [6] [7].

Recently, many researchers, such as [8] [9] [10]
[11] [12], focused on using the Discrete Wavelet
Transforms (DWT) in image compression. In
contrast to the discrete cosine transform (DCT);
the advantage of DWT is that; it does not require
the image to be divided into blocks, but it anal-
yses the image as whole.
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image is decomposed into high and low sub-
images, more details about 1D transform can be
listed in [13], while in two dimensions (2D)
DWT, the decomposition is achieved by apply-
ing (1D) transform in horizontal and vertical di-
rections; so this will result into four sub bands
images; low sub band image (LL), high sub band
image (HL), low sub band image (LH), and high
sub band image (HH). This process can be re-
peated with the (LL) image several times. Gener-
ally, the approximation sub band (LL) consid-
ered the most significantly important part since it
contains all image information, while other sub
bands considered to be less significant, since
they contain very small image information and
they can be set to zero without significantly
changing the image [13].

In this paper, an efficient, simple and fast hybrid
lossless method was suggested to compress im-
ages; based on exploiting a two dimensional
wavelet transform along with polynomial repre-
sentation of non-linear base which utilized hier-
archically in order to maximize the compression
ratio.
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Materials and Methodologies

The main taken concerns in the suggested hybrid
system are:

First, the polynomial coding of non-linear ap-
proximation model is exploited to compress im-
age efficiently using six coefficients (ap, ai, az,
dz, dg, 3.5) [14]

Second, the hierarchal scheme was adopted to
improve the compression ratio and preserve im-
age quality [15]. The Hierarchical technique
worked reversely from subsequent layers to con-
struct up layers, this means, the coefficients (ago,
ao1, Aoz, Aoz, Aos, Ags) OF layer2 are used to con-

struct layerl coefficient (aO ); then layer1 coeffi-

cients (20 | ay, a,, a3, au, as) are used to recon-
struct the approximated image LL.

The following steps illustrate the system implan-
tation in more details. Figure (1) shows the basic
steps clearly:

The following steps were adopted in this study:

1- Input grayscale image (1) of size NxN.

2- Apply the wavelet transform which is
characterized by simplicity and high
compression ratio. The transform based
on decomposing image (1) into four
quadrants sub band namely (LL and de-
tail sub bands LH, HL and HH) each of
size (N/2xN/2).

3- For the approximation sub band (LL), the
polynomial prediction of non-linear
based model is utilized hierarchically to
remove the redundancy embedded within
image pixel values, using the following
steps:

a- Construct layerl of hierarchal representa-
tion, first partition the approximation sub
band (LL), (LL considered here as the
original image), into non overlapped
blocks of fixed size nxn. Then, the poly-
nomial coefficients ap,a;,az,as,a4 and as
was calculated using the following equa-
tions [14]:
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Where aj, a, and as coefficients corresponds to
the ratio of sum pixel multiplied by the distance
from the center divided by the squared distance
ini, j.
n—1
xc = yo = (4)
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Where (j-xc) and (i-yc) measure the distance from
a pixel coordinates to the block center (Xc, Yc).
Other coefficients, namely the a0, a3 and a4 can
be founded by applying the Crammers rule,
where:
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Where:
Vl = aOW1 + a3W2 + a4W2 (8)
V2 = 30W2 + a3W3 + a4W4 (9)
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4- Construct layer 2 of the hierarchal repre-
sentation from layerl a, coefficient. The
non-linear polynomial coding technique
will be utilized again in this layer using
Equations (1-14) to construct coefficients
doo,do1,d02,403,204 and dos (in this Iayer do
coefficient from layerl will be consid-
ered here as original image).

5- For Layer 2:

a- Determine the deterministic part (function

formula) a0

= . . . 2
a0 = aooWl+ a01(j -XC) + aoz(l -ye) + 303(1 -Xc) +

2
g1~ Y0) + agg (i = 1) i - ¥0)

b- Find residual image using the following
equation [16]:

a0Resd = a0 — a0

c- Build the modeled approximated a0
a0 = a0 + a0 Re sd

6- Reconstruct layerl from layer2 hierarchi-
cally as follows:

a- Determine the deterministic part LL .
LT = AW+ al(j — xc) + a2(i — yc) +a3(j - xc)? +

ad(i - yc)2 +a5(j - xc).(i - yc)

b- Find the error (residual)
LLResd = L — LL

7- Use Run Length and LZW and Huffman
coding techniques to encode:

a- Layer 2 information of coefficients (ago,
o1, Aoz, o3, dog, aNd ags) and the error
(aOResd) along with the layerl infor-
mation of coefficients (aj, az,a3,a4,a5) and
the error (LLResd).

b- The sub bands LH, HL and HH.

8- Reconstruct the compressed image (that
identical to the original one 1) using the
following steps:

a- For the approximation sub band LL, the
residual along with the coefficients used
to rebuild the LL quadrant

LL = LL + LL Re sd

b- Apply the inverse wavelet transform to
reconstruct image I.

Results and Discussion

To evaluate the performance of the suggested
hybrid method; two sets of image natural and
medical were tested (as illustrated in Figure 2) all
images in size of 256x256. Figure 3 shows the
reconstructed image after the compression pro-
Cess.

In this paper, the compression ratio was adopted
as a guide to the performance of the suggested
system; because in lossless image compression
system there is no degradation needed to be
evaluated; i. e., the compressed image will be
identical to the original one.

Table 1, summarizes the results of the suggested
method; it shows the size of the compressed in-
formation and the compression ratio against the
utilized block sizes for the tested images.

Table 2, illustrates the results obtained from a
non-linear compression system without using the
suggested techniques in this paper; these results
are used to illustrate the effectiveness of the sug-
gested method.

The results show the high compression ratio is
achieved for a lossless compression system char-
acterizes this technique compared to other tech-
nique, in which the compression ratio is im-
proved about three times or more on average.
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Figure 1: The suggested Compression System Structure.

Figure 2: The Tested Grayscale Images.

153



Al-Mustansiriyah Journal of Science Volume 28, Issue 2, 2017 DOI: http://doi.org/10.23851/mjs.v28i2.510
ISSN: 1814-635X (print), ISSN: 2521-3520 (online)

,‘ A““:‘ ‘
() Knee
Figure 3: The Reconstructed Images using block size of 8*8.

Table 1: Performance of the Suggested Method.

Block size of 4 Block size of 8
Test im- osrlizeir?; Size of com- Compression Ra- Size of com- Compression
. . pressed image . pressed image .
age image (in (in bytes) tio (in bytes) Ratio
bytes) y y
Camera 65536 1400 46.8114 1388 47.2161
Pepper 65536 1216 53.8947 1204 54.4319
Rose 65536 932 70.3176 920 71.2348
Mr 65536 988 66.3320 976 67.1475
Brain 65536 1126 58.2025 1116 58.7240
knee 65536 1084 60.4576 1072 61.1343
Table 2: The Performance of non linear prediction compression system.
Block size of 4 Block size of 8
: original Size of com- : Size of com- :
Te;gém- image size | pressed image Comprifglon Ra- pressed image Comearggsmn
(in bytes) (in bytes) (in bytes)
Camera 65536 12470 5.2555 8320 7.8769
Pepper 65536 12852 5.0993 8533 7.6803
Rose 65536 12251 5.3494 7512 8.7242
Mr 65536 11764 5.5709 7981 8.2115
Brain 65536 12482 5.2504 8659 7.5685
knee 65536 12672 51717 6989 9.3770
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Conclusions

The results in this paper are promising in terms
of the higher compression gain achieved com-
pared to the current standard technique. The
compression ratio is affected by two factors; the
first one is the image nature, natural images con-
tain more details than the medical one, which
implicitly means; decreasing in the compression
rate compared to the medical. The block size of
the approximation sub band LL was the second
factor; whereas the block size gets bigger, less
coefficient are needed (i. e., 6 coefficients for
larger block sizes); and this will implicitly im-
proves the compression ratio. On the other hand,;
exploiting the wavelet transform along with a
hierarchical polynomial approximation of non-
linear base effectively improved the compression
ratio about three times or more on average.

References

[1] Gonzalez, R. C. and Woods, R. E., Digital
Image Processing, 2nd edn. ed., Prentice
Hall, 2003.

Jones, G. A. and Jones, J. M., Information
and Coding Theory, London: Springer,
2000.

M. Baer, "A General Framework for Codes
Involving Redundancy Minimization,"”
IEEE Transactions on Information Theory,
vol.52, p.344-349, 2006.

[2]

3]

[4] Ghadah Al-Kafagi, Hazeem Al-K,
"Medical Image Compression using
Wavelet Quadrants of  Polynomial

Prediction Coding & Bit Plane Slicing,"”
Medical Image Compression, vol.4, no.6,
2014,

Ghadah, Al-Kafagi. and Haider, Al-M., "
Lossless Compression of Medical Images
using Multiresolution Polynomial
Approximation  Model,” International
Journal of Computer Applications, vol.76,
no.3, pp.38-42, 2013.

A. -K. Ghadah, "Wavelet Transform and
Polynomial Approximation Model for
Lossless Medical Image Compression,”
International Journal of Advanced Research
Computer ~ Science and  Software
Engineering, vol.4, no.3, pp.584-587, 2014.

Ghadah, Al-Kafagi. and George, L. E., "Fast
Lossless Compression of Medical Images

[5]

[6]

[7]

155

based on Polynomial,” International
Journal of Computer Applications, vol.70,
no.15, pp.28-32, 2013.

George, L. E. and Sultan B., "Image
Compression  Based on  Wavelet,
Polynomial and Quadtree,” Journal of
Applied Computer Science & Mathematics,
vol.11, no.5, pp.15-20, 2011.

Ghadah Al-Kafagi, Salah Al-1, Maha Abd
R., " A Hybrid Lossy Image Compression
based on Wavelet Transform, Polynomial
Approximation Model, Bit Plane Slicing
and Absolute Moment Block Truncation,"
International Journal of Computer Science
and Mobile Computing 1JCSMC, vol.4,
no.6, pp.954-961, 2015.

[10] V.  Yap, "Wavelet-Based Image
Compression For Mobile Applications,”
Doctor of Philosophy thesis, Middlesex
University, 2005.

[11] F. G. M., "Color Image Compression Based
on DWT. ," PhD thesis of Philosophy in
Astronomy Science, University of Baghdad,
2006.

[12] Tasi, M. and Hung H., "DCT and DWT
based Image Watermarking using Sub
sampling,” in Fourth Int.2005 IEEE Conf.
on Machine Learning and Cybernetics,
China, 2005.

[13] Yap, V. V., Comley, R. A, "A
Segmentation-based Wavelet Compression
Scheme for Still Images,” in IASTED
International Conference on Signal and
Image Processing (SIP2004), Honolulu,
2004.

George, L. E, Ghadah, Al-K., "Image Compression
based on Non-Linear Polynomial Prediction Model,"
International Journal of Computer Science and
Mobile Computing (IJCSMC), vol.4, no.8, pp.91-97,
2015.

Rasha AI-T., Ghadah Al-Kafagi, "Image
Compression Using Hierarchical Linear Polynomial
Coding," International Journal of Computer Science
and Mobile Computing (IJCSMC), vol.4, no.1, p.112
—119, 2015.

G. Al-Kafagi, "Hierarchical Autoregressive for
Image Compression,” Journal of College of
Education for Pure Sciences, vol.4, no.1, pp.236-
241, 2014,

[8]

[9]

[14]

[18]

[16]



