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Abstract
The aim of this research is to investigate the performance of a suggested
image compression system. The scheme of the proposed system utilizes Tap /97
wavelet transforms to decompose the image signal, and then uses Discrete Cosine
Transform (DCT), and uniform quantization; to compress the approximate
coefficients. The detail coefficients are coded by hierarchical uniform
quantization, and then the original and modified Set Partitioning In Hierarchical
Tree (SPIHT) methods were applied on each color band separately. At the end
some spatial coding steps were applied on List of Significant Pixels (LSP) like
Run Length Encoding (RLE) and Shift Coding to gain more compression. The test
results indicate that the modified compression scheme shows a good performance
aspect in addition to its simplicity.

ﺍﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺔ ﺘﻘﺴﻴﻡ ﺍﻟﻤﺠﻤﻭﻋﺔ ﻓﻲ ﺍﻟﺸﺠﺭﺓ ﺍﻟﻤﺭﺘﺒﻴﺔ ﺍﻟﻤﻌﺩﻟﺔ ﻤﻊ ﺘﺤﻭﻴل ﺠﻴﺏ
ﺍﻟﺘﻤﺎﻡ ﺍﻟﻤﺘﻘﻁﻊ ﻟﻀﻐﻁ ﺍﻟﺼﻭﺭ ﺍﻟﻤﻠﻭﻨﺔ
اﻟﺨﻼﺻﺔ
 ﻭﺍﻟﻬـﺩﻑ ﻤـﻥ ﻀـﻐﻁ.ﺍﻥ ﻋﻤﻠﻴﺔ ﻀﻐﻁ ﺍﻟﺼﻭﺭ ﻫﻲ ﺍﺤﺩ ﺘﻁﺒﻴﻘﺎﺕ ﻀﻐﻁ ﺍﻟﺼﻭﺭ ﺍﻟﺭﻗﻤﻴﺔ
ﺍﻟﺼﻭﺭ ﻫﻭ ﺘﻘﻠﻴﻠﻲ ﺍﻟﺘﻜﺭﺍﺭ ﺍﻟﻤﻭﺠﻭﺩ ﻓﻲ ﺒﻴﺎﻨﺎﺕ ﺍﻟﺼﻭﺭﺓ ﻟﻜﻲ ﺘﻜﻭﻥ ﻗﺎﺒﻠﺔ ﻟﻠﻨﻘل ﻭﺇﺭﺴﺎل ﺍﻟﺒﻴﺎﻨـﺎﺕ
 ﻭﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻴﻭﻀﺢ ﻋﻤﻠﻴﺔ ﻀﻐﻁ ﺍﻟﺼﻭﺭ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺔ ﺘﻘﺴﻴﻡ ﺍﻟﻤﺠﻤﻭﻋـﺔ ﻓـﻲ,ﺒﺸﻜل ﻜﻔﻭﺀ
 ﻭﺍﻟﻬﺩﻑ ﻤﻥ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻫﻭ ﺍﻟﺘﻘﺼﻲ ﻋﻥ ﻜﻔﺎﺀﺓ ﻨﻅﺎﻡ ﻀـﻐﻁ ﺍﻟﺼـﻭﺭ,ﺍﻟﺸﺠﺭﺓ ﺍﻟﻤﺭﺘﺒﻴﺔ ﺍﻟﻤﻌﺩﻟﺔ
( ﻟﻐﺭﺽ ﺘﻘﺴـﻴﻡTap 9/7)  ﻁﺭﻴﻘﺔ ﺍﻟﻨﻅﺎﻡ ﺍﻟﻤﻘﺘﺭﺡ ﺘﺴﺘﺨﺩﻡ ﺍﻟﺘﺤﻭﻴل ﺍﻟﻤﻭﺠﻲ.ﺍﻟﻤﻘﺘﺭﺡ ﻭﺘﻁﻭﻴﺭﻩ
ﺇﺸﺎﺭﺓ ﺍﻟﺼﻭﺭﺓ ﻭﻤﻥ ﺜﻡ ﺘﺴﺘﺨﺩﻡ ﺘﺤﻭﻴل ﺠﻴﺏ ﺍﻟﺘﻤﺎﻡ ﺍﻟﻤﺘﻘﻁﻊ ﻭﺍﻟﺘﻜﻤﻴﻡ ﺍﻟﻤﻨﺘﻅﻡ ﻟﻀﻐﻁ ﺍﻟﻤﻌـﺎﻤﻼﺕ
 ﻭﺒﻌﺩ ﺫﻟﻙ،ﺃﻤﺎ ﺍﻟﻤﻌﺎﻤﻼﺕ ﺍﻟﺘﻔﺼﻴﻠﻴﺔ ﻓﻘﺩ ﺸﻔﺭﺕ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﻘﻴﺎﺱ ﺍﻟﻜﻤﻲ ﺍﻟﻬﺭﻤﻲ ﺍﻟﻤﻭﺤﺩ.ﺍﻟﺘﻘﺭﻴﺒﻴﺔ
 ﻓﻲ.ﻁﺒﻘﺕ ﻁﺭﻴﻘﺔ ﺘﻘﺴﻴﻡ ﺍﻟﻤﺠﻤﻭﻋﺔ ﻓﻲ ﺍﻟﺸﺠﺭﺓ ﺍﻟﻤﺭﺘﺒﻴﺔ ﺍﻟﻤﻌﺩﻟﺔ ﻋﻠﻰ ﻜل ﺤﺯﻤﺔ ﺒﺼﻭﺭﺓ ﻤﻨﻔﺼﻠﺔ
ﺍﻟﻨﻬﺎﻴﺔ ﻁﺒﻘﺕ ﺒﻌﺽ ﺨﻁﻭﺍﺕ ﺍﻟﺘﺸﻔﻴﺭ ﺍﻷﺨﺭﻯ ﻤﺜل ﺤﺴﺎﺏ ﻁﻭل ﺍﻟﺨﻁﻭﺓ ﻭﺘﺸﻔﻴﺭ ﺍﻟﺯﺤﻑ ﻋﻠـﻰ
 ﻨﺘﺎﺌﺞ ﺍﻷﺨﺘﺒﺎﺭ ﺘﺸﻴﺭ ﺍﻟﻰ ﺍﻥ ﻁﺭﻴﻘﺔ ﺍﻟﻀﻐﻁ ﺍﻟﻤﻘﺘﺭﺤﺔ.ﺍﻟﻨﻘﺎﻁ ﺍﻟﻤﻬﻤﺔ ﻟﻠﺤﺼﻭل ﻋﻠﻰ ﻀﻐﻁ ﺍﻜﺜﺭ
.ﺘﻌﻁﻲ ﻨﺴﺏ ﻀﻐﻁ ﻋﺎﻟﻴﺔ ﻭﺫﺍﺕ ﻜﻔﺎﺀﺓ ﺠﻴﺩﺓ ﺒﺎﻹﻀﺎﻓﺔ ﺍﻟﻰ ﺒﺴﺎﻁﺘﻬﺎ
1-Introduction
Image compression is one of the
applications of digital images
compression. The objective of image
compression is to reduce both spatial
and spectral redundancy of the image
data in order to be able to store or
transmit data in an efficient form [1].

If an image is compressed, it is
clearly need to be uncompressed
(decoded)
before it can viewed. Many types of
compression
algorithms
were
develop, these algorithms classified
into two broad types: lossless
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algorithms and lossy algorithms. A
lossless algorithm reproduces the
exact original file. A lossy algorithm,
as its name implies some loss of data,
which may be unacceptable in many
applications [2]. See Figure 1.
In this research some relevant
concepts to image compression
discipline given. Also some of the
common
image
compression
techniques are illustrated. And
explain the theoretical concept of
image compression using the SPIHT
algorithm which is the subject of this
research.

1. Proposed System Layout
Figure2 presents the layout of the
proposed compression system; it
consists of the following steps :
1. In the first step the image data is
decomposed into (RGB) color
components,
then
they
transformed to another color
domain (i.e., YCb Cr bands).
2. For each sub-band:
a. Down sampling the Cb & Cr
bands.
b. Transform the sub-band using
Biorthogonal
Wavelet
transform (tap 9/7).

c. Apply
the
hierarchal
quantization on the detail
coefficients.
d. Perform DCT & uniform
quantization
on
the
approximate coefficients (LL3
sub-band).
e. Apply the modified SPIHT
method on each color band
separately.
f. Perform linear coding (i.e.,

the run-length encoding and
shift coding) on the List of
Significant Pixels (LSP).
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Hierarchical Tree Algorithm with Discreet
Cosine Transform to Compress Color Images

2.1 The Color Transform
It is a one-to-one transformation,
applied to the input (R,G, and B)
image data. The transformation
output is an image representation
which is more amenable to efficient
compression than the raw data image.
The color transform is utilized in
image compression schemes, because
it helpful to reduce the spectral
redundancy, also it exploits some of
the characteristics of the human
vision system to improve the
compression performance.
YCbCr color space was used in
compression schemes of both video
sequences and still images. For
example JPEG image compression
employs YCbC r space. Greater
compression is achieved when the
spatial resolution for the color
components Cb and Cr are reduced,
and then coarser quantization is
applied on all components for (Y Cb
Cr). YC bCr color space was used by
Kodak for encoding images on photo
(Compact Disk) CD system [3]. The
linear transform from RGB to YCb Cr
generates one luminance space Y and
two chrominance (Cb and Cr) spaces:
Y = 0.2989×R+0.5866×G+0.1145×B
....(1)
Cb=(0.168×R-0.33×G+0.498×B)+128
....(2)
Cr=(0.498×R-0.417×G-0.0.081×B)+128
…..(3)

In this way 80% of the
information will be in the Y sub band
and 20% will be in the Cb, Cr sub
bands, the goal of this preprocessing
is to prepare the image for encoding
process by eliminating any irrelevant
information.
2.2 Down Sample
In this operation the (Cb,Cr)
components have been down sampled
by 2 to get an effective compression.
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The adopted down sampling method
was the averaging method, where the
average value of each (2×2) block is
determined, and taken as a value that
represents block in the down sampled
image see Fig.3.
2.3 Biorthogonal Wavelet Filters
After
applying
the
color
transform, the produced YCbCr bands
were decomposed by using the
biorthogonal 9/7 (also called Tab9/7
because the filters lengths are 9 and 7
for low and high pass filters,
respectively). It has risen to special
prominence because they were
selected to be the kernel transform in
JPEG2000 standard [4].
The effects of the number of
transform passes (1, 2, and 3) on the
MSE and PSNR of Lena image were
determined, and the results tabulated
in table1.
3.4
Quantization
of
Detail
Coefficients
Image quantization is the process
of reducing the number of possible
values
of
a
quantity,
and
consequently reducing the number of
bits needed to represent it.
The uniform quantization was
used to code the transformed wavelet
coefficients sub bands) LH, HL, and
HH (to achieve better compression
result. As well as that it is used to
reduce the number of bits needed to
store the coefficients of these sub
bands.
In this work a quantization
function was used to determine the
quantization step (Qstep) for each
coefficients BndW (x,y) as follow:

BndQ(x,y) = round

BndW( x, y)
Qstep
....(4)
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Where,
BndW () is the array of wavelet
transform coefficients.
BndQ () is the quantization index
array.
Qstep for LH and HL sub band is:
Qstep = Qαn-1

……. (5)

While the Qstep for HH sub band
is:
Qstep =Qβαn-1
…….. (6)
Where, n is the wavelet level
number (i.e., the pass number) (Q, α,
β) are quantization parameters (such
that, Q≥1, α≤1, β≥1).
3.5 Discrete Cosine Transform
(DCT)
Is a transform coding method
consists of four steps. The source
image is first partitioned into subblocks of size 8×8 pixels in
dimension. Then, each block is
transformed from spatial domain to
frequency domain using a 2Dimension (2D) DCT basis function.
The resulting frequency coefficients
are quantized and finally output to a
lossless entropy coder. DCT is an
efficient image compression method
since it can decorrelate pixels in the
image (because the cosine bases are
orthogonal) and compact most of the
image energy into a few transformed
coefficients.
Moreover,
DCT
coefficients can be quantized
according to some human visual
characteristics. Therefore, the JPEG
image file format is very efficient.
This makes it very popular,
especially in World Wide Web.
However, in JPEG2000 the wavelet
transform is used instead of DCT due
to its better compression performance
[5].
The forward DCT formula is given
by [6]:
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n−1m−1
Cij= 2 CC ∑∑P cos(2y+1) jπcos(2x+1)iπ
i j
xy

mn



x=0 y=0

2m  

2n 

….(7)

Where

1

If f= 0

2
Cf =

…. (8)
1

otherwise

Cij represents the transform
coefficients
0≤i<n and 0≤i<m are the indexes
of the transform coefficients.
Pxy is the value of the pixel (x,y).
n is the image width (number of
columns).
m is the image height (number of
rows).
To turn the image back to its
original domain the inverse transform
must be applied, the inverse DCT is
given by:
P'xy= 2

n−1 m−1

(2x+1)iπ  (2y+1) jπ 
cos

2n   2m 

∑∑CCC cos
mn
i=0 j=0

i j ij

....(9)
Where
P' is the reconstructed image.
0≤x<n and 0≤y<m are the image
pixels coordinates.
C is the transformed image.
n, m is the number of pixels.
3.6 Uniform Quantization of the
DCT Coefficients
In this operation, the uniform
quantization was applied on the ACtransform coefficient, using the
equation (4), and the Qstep of the
(x,y)th AC-coefficients, will be
determined
by
the
following
equation:
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Qstep(x,y) =
Qlow(1+γ(x+y1))…..(10)
Where,
Qlow is the lowest quantization
step value for AC-coefficients.
γ is the incrimination rate.
(x,y)are the frequency indices,
whose values are within the
range [0… Block length-1].
3.7 The Modified SPIHT Coding
It is important to have the
encoder and decoder test sets for
significance in the same way. The
coding algorithm therefore uses three
lists called list of significant pixels
(LSP), list of insignificant pixels
(LIP), and list of insignificant sets
(LIS). These are lists of coordinates
(i,j) that in the LIP and LSP represent
individual coefficients, and in the LIS
represent either the set D(i, j) (a type
A entry) or the set L(i, j) (a type B
entry).The LIP contains coordinates
of coefficients that were insignificant
in the previous sorting pass. In the
current pass they are tested, and those
that test significant are moved to the
LSP. In a similar way, sets in the LIS
are tested in sequential order, and
when a set is found to be significant,
it is removed from the LIS and is
partitioned. The new subsets with
more than one coefficient are placed
back in the LIS, to be tested later, and
the subsets with one element are
tested and appended to the LIP or the
LSP, depending on the results of the
test. The refinement pass transmits
the nth most significant bit of the
entries in the LSP. See Figure 3.
In the modified SPIHT
coding we will take 4 unadjacent
pixels to build the spatial orientation
tree, in this way the number of roots
will be increase and the number of
levels will be decrease by 1 (LL will
represent the roots only and its
children will be in the LH, HL and
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HH), in this way building trees will
be more efficient than before (in the
original SPIHT algorithm that was
taking 4 adjacent pixels), Figure (4)
illustrates the spatial orientation tree
of the original and the modified
SPIHT algorithm.
3.8 Mapping to Positive
In this operation each value will be
mapped to be positive, the following
mapping equation had been used to
convert the signed integer into
positive integers
:
2X
if X ≥ 0
X'=
.... (11)
2|X|+1
if X<0
Where, X represents the signed
integer value of the LSP. This type of
the mapping insure that all
coefficients values are mapped to
positive integers, and to keep the
optimal number of bits needed to be
used by shift coder as small as
possible.
3.9 Run Length Encoding (RLE)
RLE consists of the process of
searching for repeated runs of
symbols in an input stream, and
replacing them by a run count. In this
work, the indexes of LSP values will
contain repeated values for all i
indexes, so it is best to encode them
by RLE to reduce the space needed to
store the compressed file.
3.10 S-Shift Optimizer and Shift
Coding
The mechanism applied to
compute the optimal length "N", in
bits of the shift codeword is based on
scanning all possible codeword
lengths, starting from "1"bits and
proceeding more till the numbers
"Nmax"bits; which represent the
minimum number of bits required to
represent the maximum coefficient
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value "Max"in the LSP parameters.
This number "Nmax"is considered as
the length "in bits "of the second
"auxiliary" codeword. The scan
method was applied to test all
possible values of bits that can be
assigned to the first "shortest "
codeword, so the length rang of the
first codeword is [1,Nmax], then the
codeword produced by applying sshift optimizer are send to the
compression
bitstream(which
represents the compressed data file).
4. Comparison between the test
results of the Original SPIHT,
Modified SPIHT and Modified
SPIHT with DCT & RLE.
The following Table illustrates
comparison between the results of
these methods for each image. Figure
4 and Figure5 show the reconstructed
images of each method.
5. Conclusions
From the previous table charts
and images, the following can be
concluded:
1. Increasing the number of
roots with decreasing the
number of levels in the
modified SPIHT algorithm
led to increase number of
pixels in the (LSP), i.e., it
increases the Image quality
and decreases CR.
2. The
modified
SPIHT
algorithm increases PSNR
with little increase in
compressing
time
and
decoding time.
3. Using RLE and DCT with
the modified algorithm cause
increasing
CR
with
preserving image quality as
it, and decreasing in the
compress time.
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Table (1) The effects of wavelet transform passes
No. of passes

MSR

PSNR (dB)

1

4.474

41.623

2

4.9

41.228

3

6.118

40.264

4

7.454

39.406
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Table (2) (comparison between the A-original SPIHT, B-modified SPIHT and Cmodified SPIHT with DCT&RLE

Image
Baboon

Girl

Lena

Baby face

Parrots
Beauty
Girl

method
A
B
C
A
B
C
A
B
C
A
B
C
A
B
C
A
B
C

MSE
119.30
56.698
63.802

PSNR
27.364
30.59
30.082

CR
15.236
9.508
12.457

BR
1.575
2.52
1.926

85.35
37.745
43.769
114.78
43.967
51.034
265.40
10.722
15.262
96.919
47.396
54.485
159.139
30.925
35.815

28.818
32.362
31.719
27.532
31.699
31.082
23.891
37.827
36.294
28.266
31.373
30.768
26.113
33.227
32.59

18.263
13.315
20.636
16.994
11.138
15.719
22.658
18.35
42.924
18.717
13.86
21.852
16.814
10.913
15.927

1.314
1.802
1.162
1.412
2.154
1.526
1.059
1.307
0.5
1.282
1.731
1
1.427
2.199
1.506

Figure (1) the most popular image compression
methods
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Figure (2) Block diagram of the proposed system

Cb-component & its down sample

Cr-component & its down sample

Figure (3)A The Down Sampling process on C b,Cr components of Lena image.
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Figure (3)B Sorting pass of SPIHT algorithm [7]

a. Original SPIHT

b. modified SPIHT

Figure (4) Spatial Orientation Trees in SPIHT
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The MSE
The original SPI HT

the modified SPI HT

The modified SPI HT&DCT

300
250

MSE

200
150
100
50
0
Baboon

Girl

Lena

Baby face

Parrot s

Beauty Girl

The PSNR
The original SPIHT

The modified SPIHT

The modified SPIHT&DCT

40
35

PSNR

30
25
20
15
10
5
0
Baboon

Girl

Lena

Baby face

Parrots

Beauty Girl

The CR
T he original SPIH T

T he m odified SPIHT

T he m odif ied SP IHT &DCT

50

CR

40
30
20
10
0
Baboon

G irl

Lena

Baby face

Parrot s
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The BR
t he original SPIHT

T he modified SPIHT

t he modified SPIHT &DCT

3
2.5

BR

2
1.5
1
0.5
0
Baboon

G irl

Lena

Baby face

Parrots

Beaut y G irl

The Cpm press ion Tim e
t he original SPIH T

t he m odified SPIHT

t he m odified SPI HT &DCT

2.5

Comp.Time

2
1.5
1
0.5
0
Baboon

G irl

Lena

Baby face

Parrot s

B eaut y G irl

The Decompression time
The original SPIH T

the modified SPIH T

The modified SPIH T&DC T

0.42
Dcomp.Time

0.4
0.38
0.36
0.34
0.32
Baboon

Girl

Len a

Baby face

Parrots

Beau ty Girl

Figure (4) The differences between the results of the Original, Modified
SPIHT and Modified SPIHT with DCT & RLE methods.
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A

B

C

A

B

C

A

B

C

A

B

C

A

B

C

A
B
C
Figure (5) The reconstructed images of the A-Original, B-Modified SPIHT
and C-Modified SPIHT with DCT & RLE metphods
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