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ABSTRACT
The technique of image compression means reduce the size of image data in
a way that can be reconstructed to its necessary components. This technique convert
image data to an effective code, then this code can be decoded to reconstruct the
approximate image.
In this paper, we implement image compression using wavelet transform.
After loading image data, it will divide into three-color components (red, green and
blue). Where each component processed independently. Each component transformed
using wavelet transform to subbands (low subband and high subbands). Where the
number of subbands depends on the number of transform passes. After completing
the transformation process, the coding is divided into two necessary parts:
First: Process the coefficients of low subband using Differential Pulse
Code Modulation (DPCM) to reduce the size of coefficients. Then

coefficients coded using S-Shift coder.

these

Second: Process the other subbands by dividing each subband in to eight-bit
slices. Then these bit sliced are coded by using chain encoder.
After completing the coding processes, the compressed data stored into file.
Then these compressed data are decompressed using algorithms similar to that are
used in compressed system but with inverse order.
The compression ratio in this work is up to 57 with accepted level or error and

quality.

Introduction

Digital image compression based on the idea of sub-
band decomposition or discrete wavelet transform. The
Discrete Wavelet Transform (DWT) is one of the most

important lossy image compression methods [1].
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Since many of the wavelet transform coefficients
for a typical image tend to be small or zero, these
coefficients can be easily coded. Thus wavelet
transforms are a useful tool for image compression [2].

Image compression based on wavelet transform
has recently received an increasing interest [3]. This

scheme first involves the transformation of data into
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more suitable form. The goal of transformations is a
compact, complete representation of the image. The
transform should decorrelate the specially distributed
energy into fewer data samples such that no information
is lost. Compression occurs in the second step when the
transformed images, usually those with insignificant
energy levels are discarded.

This step, called quantization process, is not
invertable. The coding process typically followed the
guantization stage. Entropy coding minimizes the
redundancy in the bit stream and is fully invertable at the
decoding end [4]. The DWT lends itself to image
compression for the following reasons
A. Many natural image exhibit fractal or self-similar

behavior. The DWT is an efficient representation for
these signals since all wavelet coefficients can be
computed from the wavelet coefficients at one scale.
B. DWT is well suited to progressive encoding due to
its pyramid decomposition.
C. The space-scale decomposition in the DWT allows

for the incorporation of HVS characteristic [4].

Many wavelet-based compression schemes have
been reported in the literature, ranging from simple
entropy coding to complex coding techniques such as
tree structures coding, and some modern wavelet-based
compression methods such as CREW and SPIHT. All
these schemes can, actually, be described in general
form that the compression includes forward wavelet
transform, quantizer, and lossless entropy coders. The
corresponding decompressor is formed by lossless
entropy decoder, de-quantizer, and inverse wavelet
transform. Wavelet based compression has good

compression results in both rate and distortion sense [1].
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Wavelet Packet Transform (WPT)

The Wavelet Packet Decomposition (WPD) method
is a generalization of wavelet decomposition that offers
a richer range of possibilities for signal analysis [5].
Unlike the DWT, which only decomposes the low
frequency components, the WPD utilizes both the low
frequency components and the high frequency
components. For j-level decomposition, in the case of
DWT there are j+1 possible ways to decompose or
encode the signal, while in WPD there are 2j different
ways to encode the signal. A WPD is actually a full
binary tree structure, which separate the frequency into
sections of same length. However, this scheme results in
additional computational complexity.

Wavelet packet functions are designed by generalizing
the filter bank tree that relates wavelet and conjugate
mirror filters [6, 7]. For each set of N coefficients, we
obtain two coefficient sets of N/2 length after processing
by WPT. The number of coefficient sets is 2m if the

original coefficient set is processed for m resolution.

In summary the wavelet packet has a number of
useful properties:

A. It can represent smooth function.

B. It has unconditional basis function; the choice of
wavelet basis should usually do according to
reasonable consideration(s).

The potential of wavelet packet lies in its
capacity to offer a rich menu of basis functions that
satisfy perfect reconstruction conditions, from which the

best one can be chosen for a given application.
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In This paper we use two types of Packet

Decomposition:

1- Packet Decomposition with Haar Wavelet Transform.

2- Packet Decomposition with Integer Wavelet
Transform (IW- Tap 3/5).

Suggested Image Compression System:

The aim of this system includes developing and
applying an efficient image compression system. The
proposed compression system focuses on an innovative
scheme for adaptive wavelet coding technique. Where
the Low Low (LL) subband of the transformed image is
processed by Differential Pulse Code Modulation
(DPCM), and then coded by S-Shift coder. The other
subbands are uniformly quantized and then coded by
using bitmaps coding. The proposed compression
system implies some control coding parameters; the
effects of these parameters were investigated to
determine the suitable range for each one of them.
Figure (1) shows a block diagram of the suggested

compression and decompression schemes..

This suggested scheme could be divided into two
general modules:
First// Encoder Module
This module involves the following steps:
1. Loading Image Data (Reading BMP file) into three
RGB layers:

2. Applying the Forward Wavelet Transform:

The wavelet transform can decompose the
approximation and the detail subbands of the
decomposed image (packet decomposition) to produce:

Total number of subbands = 4" number of level
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The following wavelet transform are used:

A. Packet Decomposition with Haar Wavelet
Transform:
Algorithm list (1) shows the steps of decomposition of
an image using Haar transform (packet scheme). Figure

(2) shows the transformed Girl image with 2 and 3 levels

of packet decomposition using Haar transform .See the
details in the references [8,9,10].

(A)

Input Image
Data-File

Wade Transfoom |

v

L,LH,HH,LLHL,..., LL
Detail Subbands Approximation
Daifferential Pulse
Code Modulation
ﬁ'hﬁm §-Shifi Coding

Most bit.. Least hit
Encodingusing a zet
of Spatial Encoder

=__f Compressed
K Image Data-
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B)

Compressed
Image Data-File

Mocebie. Laarcht H “oirl? 3 3
i §.hifi Decoding Figure (2). The transformed “girl” image using
packet decomposition scheme based on Haar
transform
Inverse Bimap 5hicng Differendial Puke Code
Demodulation (DPCT) B. Packet Decomposition with Integer Wavelet

‘ Transform (IW- Tap 3/5)

) In the suggested system, the integer wavelet
Dequantize the LL Approximats )
Subhand Subhand transform of type (Tap3/5) was also used. This

transform was applied on the three color components of

L‘-\ the image, and the calculation was separated into steps
LLH,HH,LLHL, according to the width and height of the image. Figure
w,Detailsubhands ) _

(3) Show pepper image using 2 and 3 levels of
decomposition using packet (IW Tap 3\5). .See the
details in the references [8-10]. Figure (4) illustrate the
implementation steps of image decomposition using
Y ¥ IWT-Tap3/5.
¥
Inverse Wavelst
Transform
Reconsirucied
Image Data-File

Figure (1).The suggested image compression system Figure (3) The transform of “Pepper ” image using

(A) and reconstruction system (B) based on based on packet decomposition based on tap3/5 wavelet

wavelet transform transform
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Contitne

2.3) Perform the followingoperations if' is odd:

2.3.1) Set'Wh={W+11h2ZWhrm=wh-1Whm2=\whm-
1;x1=xs

2.3.2) For *=0 To Whm2: X2=x1+1; ¥I=Xs4X;
TH=XLH W h

233 For Y=0 To H-1 do:
D[ELY Ol Y+ O, ], D¥H¥]=Clel ¥ Clx2,v]

2.3.4) End For ¥ loop;
2.3.5) Set X1=x1+2;
2.3.6) End For xloop;

237y Bet 1= s+ hm,
238)For ¥=0 Te H-1do: DL Y]=2%C[He, V],

(3) Apply the following operationto specifyy the beginning
of data  andheight of image subband.
3.1y Ofs[0]=0, 3iz[0]=Hgt; Lay[0]=1, Ws=0, J=0,
3.2) While J = Mz da:
If Lay[l] < Mopass Then: H= (B&=[]+1 12,
[=Lay[I]+1;
He=Na+l; Ofs[s]=0fs[T]; S=z[ls]=H,
Lay[Ms]=I;
Ne=Ms+1; Ofs[Ms]=0fs[J]+H Siz[Ms]=31iz[T]-H;
Lay[Ms]=I
End K; J=H+1;

33)End While,

£ Anply Haar filters fpacket) on Columm of CfF %
(1) Apply the following operationforeach subband

4.1) Set Vs=0Ofs[1]; H=5iz[l]; ¥e=¥s+H-1;
4.2) Perform the following operations ifHis even:
4.2.1) Set Hh=H\2; Hhrn=Hh-1; ¥1=%s;

4.2.2) For ¥=0 To Hhrn: ¥2=¥1+1¥ 1= s4Y; YH=¥L+Hh

423 For =0 To W-1 do:
DL CROY L Cly 200 YH]= Sl Y - Cl v 2]

4.2.1) bnd For ¥ loop;
4.2.5) Sety1=y1+2;

426)End For ¥ loop,

4.3) Perform the following operations ifHis odd:

4.3.1) Set Hh={H+1)%2;Hhrm=Hh-1; Hhm2=Hhrn-
1¥1=Ns;

4.3.2) For ¥=0 To Hhrm 2% 2=¥1+1; ¥L=Ys+Y; YH=¥L+Hh
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Algorithm {1) Packet image decomposition using
Haar wavelettransform

{1) Apply the following operation to specify the
bheginning of data and  width of image at each
subband.

1.1) Ofs[0]0; 8iz[0]=W; Lay[0]=1; Ns0;
J=0; /* Ofs[] is start of data, Siz[] is size of
data, Lay[] is level of transform, Ns
is number of subband.

1.2y While J< Ns do:

If Lay[J] = Nopass Then: W=
{58iz[j]+1»2; I=Lay[J]+1;
Ns=Ns+1; Ofs[Ns|=0Ofs[J];
Siz[Ns|=W; Lay[Ns]=I;
Ns=Ns+l; Ofs[Ns|=Ofs[J]+W,;
Siz| Ns]=Siz[J]-W; Lay[Ns]=I
End If, J=J+1,
1.3) End While;

/¥ Apply Haar filters {packet) on Rows of cf] */

(2) Applythe following operation for each
subband

2.1) Set Xs=0fs[1]; W=Siz[l]; Xe=Xs+W-1;

2.2) Perform the following operations if W is
even:

2.2.1) Set wh=3w\2; Whm=Wh-1; ¥1=Xs;

2.2.2) For ¥=0 To Whm: ¥2=X1+1;
KL=Xs-+X:XH=XL+Wh

2.2.3) For Y=0 To H-1 do:

DIXLYI=Cl¥L, YH-C2,Y]; D [H, ¥]=CI¥L,Y]- C[ %2, Y]
2.2.4) End For Y loop;
2.2.5) Set X1=x1+2;

2.2.6) End For X loop;
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3. Encoding the pproximation subband coefficients:

After the wavelet transform, the compression
process is divided into two major parts. The first part
applied on the approximation subband, while the second
part is applied on the detailed subbands. Encoding of
approximation is performed by applying Differential
Pulse Code Modulation (DPCM) to reduce the range of
the coefficients values. Since the range is small, they
will need small number of bits for representation when it
is compared with the original values. Algorithm list (2)
shows the steps of DPCM encoder. The output of the
DPCM s fed to the S-Shift coding method to produce
the compressed bit streams for LL subband.

3.1) S-Shift Coding Method This method is used
to reduce the size (in bits) of the output of the DPCM
coding stage. The idea of this method is to encode the
sequence of numbers by code words whose bit length is
less than the bit length required to represent the
maximum coefficient value, that may produced by
DPCM encoder, when it is coded by using fixed length
coding. The size (in bits) required to encode this
sequence using fixed length coding can be calculated by
using the following equation:

Size =r* N - Q)

Where: (r) is the number of bits required to
encode the maximum number existing in the sequence,
(n) is the number of elements. Figure (5) illustrate the

way of selection the s-shift encoder.
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Algortthm (2) Ditferential Pulse Code

Modulation (DPCM)
$

(1) Inpuis: Wsb; Hsh; C[) /* where Wb andHsh are the
width and

hesghit of the LL. subband andC) is atray of LL
coeffictents®/
(2) Iitialization: DFCM 0= C [0, (T, B= C{00); =0
(3) For =] To Hsh do:
(4) Prtform the following operationstf ¥ 15 even:

41 For £=0To Wshdo:

4.2) Increment [ by !,

43) Subiract the vaue of custent coeffictent from
the previous one:

DRCH []=C 1 T8, B=C X 1]
$4)End For (Z) loop;

(3) Perform the following operationset Y 15 odd.
S1)For £ = Wsh Dowmio 0 do: Increment [ by |
5.2) Subiract the value of custent coeffictent from the

PIEVIOUS DL

DRCH []=C 1, 1] -B,B=C X 1]
53)End For (Z) loop;

(6) End For 1 logp
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/ Input the ouiputof DPCM / / Input image data /
Y

14—
Caleubue the manmuminamber ofhits required for
encoding the firstpart (Mind) of the coeffirents )
Divide widthof eachsubhand into two parts
Caleula the minimum number o fhits required for Y
encodimgthe second part (Mm?) ofthe coeffinents Implement the kefting sehemedor the Rows of image

Divide heizht ofeachsubband into two parts
l L4
Hyhrid shaft Implement the lefiing scheme for the Columns of image
ke \

¥
l T4 1:1
¢ Ye
T2Na
Quiput5-Shiftcode N

/ Transformed inugp daia /
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Encoding the detail subbands coefficients:

At first, the detail coefficients are uniformly
guantized using certain quantization step. Second, the
output of this process is sliced into bit-planes by using

the bit slicing process.

Bit Slicing

The quantized wavelet coefficients are coded by
using bit-plane. The coding is progressively done from
the most significant bit-plane to least significant bit-
plane.

The basic idea behind using this method is based
on decomposing the quantized transform coefficients
into binary components (i.e., bitmap layers), such that
each layer represents a (0-1) bitmap, for example each
point in ith bitmap layer represents the ith bit value of
the corresponding transform coefficient. The resulting
layers may different in their spatial and statistical
characteristics. If these characteristics are considered to
choose the suitable coding method and to encode each
layer separately, the resulting code size may, probably,
be compact (i.e., has a small size) in compression with
that of the original image, consequently the image
compression task will be achieved.

This section illustrates the adopted representation
(modeling) of the transform coefficient bits. It describes
how the coefficients are arranged into bit-planes. First
the sign of quantized detail coefficients are expressed in
a sign bit-plane by splitting the sign of each coefficient
representing it as bit state. The sign bit is taken (1) for
the positive (or zero) coefficients and (0) for the
negative coefficients. The magnitude for each particular
subband, there is a maximum number of magnitude bits.

Thus, it is important to know the maximum value of the
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transformed coefficients for each subband in order to
determine the maximum number of bits needed to
represent each subband. Algorithm list (3) illustrates the

implemented steps of bit-slicing coding.

Chains Coder

Chain coders are used in the suggested system to
represent the higher bit-planes, which contain connected
sequences of straight-line streams of specific length and
direction. Typically, this representation is based on 4-
connectivity or 8-connectivity of segments. In the
proposed scheme, 8-connectivity was used to represent
the contents of some higher bit-planes. The direction of
each segment is coded by using a numbering scheme
such as the one shown in figure (6).

Digital images usually are acquired and processed
in grid format with equally spacing in the x-and y-
direction. So, a chain code could be generated by
following the connected points in, say, clockwise
direction and assigning a direction to the segment
connecting every pair of connecting ones. This method
generally is unacceptable for two principal reasons: (1)
the resulting chain of codes tends to be quite long, and
(2) any small disturbances along the connected chains
due to noise or imperfect segmentation cause changes in
the code. Algorithm (4) illustrates the implemented steps

of the chain coding [8].

Second\\Decoding Module
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The decoding process is performed to reconstruct
the image data. The decoder uses the compressed bit-
stream (produced by the encoder module). Decoding
process converts the compressed image data to a
reconstructed image data. Thus, we can define the
decoder as an embodiment of the decoding process. In
the proposed scheme, all steps of decoder are performed
on each of the three-color components (i.e., red, green,
and blue), then these three components are merged to
reconstruct an output image. The decoding process
consists of two parts, and apply the backward wavelet

transform.

32
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Algorithm (4): chain coding

(1) Input BitSlic[],WHsb /BitSlic is bit plane,
WHsh is subband size/
(2) For each (X,Y) in the block of size WHsb do:
2.1) If BitSlic(X,Y) = 1 then:
2.1.1) Store the location (X,Y): StoreX =

X: StoreY =V;

2.1.2) Flag=1; N =0 /* N is the length

of chain*/

2.1.3) Repeat the following operations:
2.1.4) Set X1 = X+1; X2=X-1;Y1=

Y+1:Y2=Y-1;

If BitSlic(X,Y2)=1 Then:
Flag=0;0Output=0;N=N+1;Y=Y

Else if BitSlic(X1,Y2) =1 Then
Flag=0; Output=1; N=N+1;

X=X1; Y=Y2;
Else if BitSlic(X1,Y) =2 Then
Flag=0; Output=2; N=N+1;
X=X1,
Else if BitSlic(X1,Y1) =1 Then
Flag=0; Output=3; N=N+1;
X=X1; Y=Y1,
Else if BitSlic(X,Y1) =1 Then
Flag=0; Output=4; N=N+1;
Y=Y1,
Else if BitSlic(X2,Y1) =1 Then
Flag=0; Output=5; N=N+1;
X=X2; Y=Y1,
Else if BitSlic(X2,Y) =1 Then
Flag=0; Output=6; N=N+1;
X=X2;
Else if BitSlic(X2,Y2) =1 Then
Flag=0; Output=7; N=N+1,
X=X2; Y=Y2,;
End if
Until Flag =1;
2.2) End If

(3) End Foreach X & Y;;
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5 l 3

3 a
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(2) Split the sign from coefficient magnitude and put
in Sign[]

2.1) For each (X, Y) coefficients in subband of
size Sband do:

If C[X, Y] > 0 then Sign[X, Y]=0: Else
Sign[X, Y]=1;
2.2) End Foreach X & Y;
(3) Find maximum(Max) value in subband to
determine maximum  number of bits (HiBit)
needed to represent each subband.
3.1) Initialize Max to the first coefficients in C[]
3.2) For each (X, Y) coefficients in subband of
size Sbhand
If Max < C[X, Y] Then Max=C[X, Y]
If Max >0 Then B= In(Max) / In(2);
HiBit=Tranc[B];
3.3) For each (X, Y) coefficients in subband of
size Sband do:
3.4) For I=LowBit To HiBit do:
Bt=2":J=C[X, Y] AND Bt;
3.5) Save J in BitPlan[l]
3.6) End For I loop;
3.7)End Foreach X & Y

Figure (6) Chain coding directions for (a) 4-direction
code, (b) 8-direction code
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1-Decoding of the approximation subband:

This process begins by applying the S-Shift
decoding method. Then, its output is fed to the
Differential Pulse Code Demodulation (DPCD) to
reconstruct the LL subband of the transformed image.

2. Decoding of the detail subband:

The start step for decoding the details is the chain
decoding to reconstruct the bit planes (the reconstructed
bit planes are exactly similar to the original bit planes).
In the next stage the constructed bit planes will
composed to reconstruct the sequence of numbers which
represent the coefficients indices, these indices are given
their sign value from the stored sign bit plane. The
process of inverse bit slicing can be described by the

following equation:

X =Y D02 o @

Where: X; represents the ith coefficient index,
bi(n) represents ith bit in  the bit plane (n), and n
represents the number of the considered bit plane.

Where the initialization and input are same as that
listed in algorithm (3). At last each coefficient is
multiplied by the quantization step size (note, these
coefficients are not exactly equal to the original

coefficients because of quantization).

Experimental Results

In this section some test results and the

corresponding reconstructed images produced by
applying the suggested image compression system are
presented. Advantages and drawbacks of the system are

discussed on the basis of the presented results.
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Tests on two natural images (pepper and girl)
were performed by using the suggested compression
system. The dimension of the considered images is
256x256. These images are of type bitmap files ((BMP)
and their pixel format is (24 bit/pixel).

The maximum partition size was taken to power
of two. This will give the largest possible number of
level of decomposition; the largest number of levels is
the number of times the original block dimensions can

be divided by two and produce integer result.

Test Results

The effects of a number of parameters have been
investigated to evaluate the performance of the
suggested wavelet based image compression scheme.
The fidelity measures used in our test results are the
Mean Square Error (MSE), Mean Absolute Error
(MAE), Signal to Noise Ratio (SNR), Pick Signal to
Noise Ratio (PSNR), and the Normalized Mean Square

Error (NMSE). Also the compression ratio is calculated.

1 -The Effect of the Wavelet Transform Type

In this section the effects of the type of wavelet
transform are introduced. The test results indicated that
this parameter has little effect on the compression
performance and, consequently, on the reconstructed
image. Table (1) and figure (7) present the effect of
transform type on the quality of the reconstructed pepper

and girl images, and on the compression ratio.

2- The Effect of the Quantization Step-Size

The test results indicated that the quantization
step-size has significant influence on the compression
performance and, consequently, on quality of the

reconstructed image. The increase in quantization step-
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size will lead to degradation in the reconstructed image
but will cause an increase in the compression ratio. In
the proposed coding scheme different quantization steps
values were used for each sub-band. The change in
values of the quantization step depends on the history of
partitioning applied to produce the considered sub-band.
Table (2) and figure (8) present the effect of the initial
guantization step size on the quality of the reconstructed
pepper and girl images, and on the compression ratio.
The results show that the quantization step size has a
great effect on the compression ratios and it is causes a
monotonic increase in compression ratio as the
magnitude of the initial quantization step size is

increased.

3 - The Effect of Number Wavelet Levels

The levels of wavelet decomposition of an image
have a great effect on the reconstructed image quality
and also on the compression ratio. In the previous
discussion, all examples imply the use of same number
of decomposition levels, but the magnitude of the levels
are increased to show its effect on the compression
performance. Table (3) and Figure (9) present the effect
levels on the

of the number of decomposition

Compression factor.
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Table (1) The effect of the wavelet transform type on
the performance of the suggested image compression

system
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Figure (7) The reconstructed images from table (1)
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Qunt=1 Qunt=2 Qunt=3

No.transform pass=1 No.transform pass=1 No.transform pass=1 No.transform pass=1
CR=3.026 CR=4.434 CR=5.639 CR=7.997

Qunt=5 Qunt=6 Qunt=1L Qunt=8

No.transfam pass=1 No.transform pass=1 No.transform pass=1 No.transform pass=1
CR=9.075 CR=10.15 CR=11.12 CR=11.90

Qunt=1 Qunt=2 Qunt=3 Qunt=4
No.transform pass=1 No.transform pass=1 No.transform pass=1 No.transform pass=1
CR=2.520 CR=4.601 CR=4. 658 CR=6. 298

Qunt=5 Qunt=6 Qunt=7 Qunt=8
No.transform pass=1 No.transform pass=1 No.transform pass=1 No.transform pass=1
CR=7.352 CR=8.696 CR=9.632 CR=10.52

Figure (8) the reconstructed images from table (2)...(cont.)
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Qunt=2

No.Transform Pass=1 No.Transform Pass=2 No.Transform Pass=3 No.Transform Pass=4
CR=4.434 CR=10.59 CR=21.74 CR=36.73

Qunt=2 ‘Qunt=2 ‘Quntzz

No.Transform Pass=5 No.Transform Pass=6  No.Transform Pass=7 No.Transform Pass=8
CR=47.72 CR=52.56 CR=54.02 CR=55.02

Qunt=2 Qunt=2 Qunt=2 Qunt=2
No.Transform Pass=1 No.Transform Pass=2 No.Transform Pass=3 No.Transform Pass=4
CR=3.601 CR=10.03 CR=22.33 CR=35.42

Qunt=2 Qunt=2 Qunt=2 Qunt=2
No.Transform Pass=5 No.Transform Pass=6 No.Transform Pass=7 No.Transform Pass=8
CR=43.98 CR=47.28 CR=48.54 CR=49.12

Figure(9):The reconstructed images from table(3) ...Cont
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Conclusions:

The tests are performed to study the effects of
some control compression parameters on the system
performance. These derived conclusions are the
following:
1-Wavelet based image compression is ideal for

adaptive compression since it is inherently a multi-
resolution scheme. Variable levels of compression
can be easily achieved.

3- The use of bi-orthogonal wavelet transform (Tap3/5)
with other encoding methods can lead to compression
ratio between (1- V) with acceptable range of error
and PSNR.

4-Wavelet packet transform leads to positive effects on
the suggested compression performance.

5-The selection of quantization step size should be done
carefully, because test results indicated that this
factor has significant effect on the compression ratio
and PSNR factor.

6-The used chain encoder have an effect on the proposed
scheme by reducing its complexity and speed-up the
compression time, while the wuse of vector

guantization and DPCM lead to an increase in the

compressed image quality (i.e., increasing PSNR).
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