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Abstract

Image compression using Transform Coding is investigated in this
paper. The digital image is a matrix of different intensity value
elements. In general, there are two different techniques for image
compression, the first one is by directly implementing quantization
and coding, while the second technique transforms the image from
spatial to spectral (transform) domain first and then to be quantized
and coded. Discrete Cosine Transform (DCT) proved to be the
practical tool for this job. For quantization, two approaches are used,
the uniform and nonuniform quantization. Comparison of the two
approaches suggested our proposed quantization matrix. Appling
the proposed matrix for different images gave better results for all
related parameters, compared with the two tested approaches.
Keywords: Image Compression, Discrete Cosine Transform, DCT.
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1- Introduction:

Image compression is a process that reduces the size of an image
file while preserving its visual quality as much as possible, so that
it takes less space on computer and can be shared faster over the
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internet. Different techniques are used for this gool, some of them
are lossy and others are lossless [1]. An image compression
technique is verbally expressed to be the best when it contains less
average code length, encoding and decoding time and provides more
compression ratio [2,3]. Depending on the techniques used, there
are two types of image compression [4]:

First- Predictive Coding (PC) working on spatial domain. Pixel
values are predicted based on neighboring pixels and only the
prediction error is encoded.

Second- Transform Coding (TC): The image is transformed to the
spectral (transform) domain first to be compressed and this type is
the field of this article.

A C++ program was built for doing the job in a sequence of the
following steps:

¢ Loading the test image to be compressed

¢ Select sub-images of 8x8 pixels

¢ Find discrete cosine transform of each sub-image

¢ Applying the quantization operation for each coefficient of the
transformed sub-image.

¢ Count repetitions of samples and its probability.

¢ Inverse transform the sub-image.

¢ Repeat with all sub-images and reconstruct the compressed image
¢ Mean Squared Error (MSE), Peak signal to Noise Ratio (PSNR),
entropy, Average Codeward length (ACL) and Compression ratio
(CR) are found using the following equations.

=
MSE = 73 2, ;[x(i,j) 2D (1)
PSNR = 10l0gso (22) (dB) )
Entropy = — X5t Pro (i) * log2(Pro(i)) 3
CR = Number of original bits (4)

" Number of compressed bits

The Average Codeword Length (ACL) and its formula will be
explained in the following sections.
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2- Background:

In general, transform coding is a lossy technique, however, it can
be arranged to produce a small acceptable error. The techniques
used in transform coding are as follows [5]:

2.1- Transformation:

Reforming the image from spatial to spectral domain using one of
different transforms where discreate cosine and wavelet transforms
proved to be the most efficient [4,11], the discrete cosine transform
was used in this work.

2.2- Quantization:

There are two methods of quantization used for image
compression. To quantize the coefficients of the spectrum matrix,
either uniformly, using one constant (step size) value, or non-
uniform quantization using a matrix of different values is used. The
standard S.JPEG matrix, as shown below, is used for non-uniform
quantization where each coefficient of the transformed image matrix
is rounded according to the related element of the quantization
matrix [6]. In uniform quantization all coefficients are rounded
according to the same constant (step size) value.

r 16 11 10 16 24 40 51 61 1
12 12 14 19 26 58 60 55
14 13 16 24 40 57 69 56
14 17 22 29 51 67 80 62 (5)
18 22 37 56 68 109 10377
24 35 55 64 81 104113 92
49 64 78 87 103 121 120 101

L72 92 9596 112 100 103 99 -

S.JPEG =

2.3- Coding:

The final step involves encoding the quantized data efficiently,
which is the main factor for compression. Different techniques of
coding are used where the most often, for image compression, are
[4-7]:

2.3.1- Huffman Coding: A lossless coding algorithm, assigns
shorter codes to frequently occurring values and longer codes to less
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common ones. Most often, Huffman code is used after quantization
producing a lossy system.
2.3.2- Run-Length Encoding: A lossless scheme, compresses
sequences of repeated values as for example storing a row of 10
zeros as (0 x 10) instead of writing each zero individually. To get
coefficients in a sequence, the coefficients matrix is rearranged in a
ZegZag order giving a string of the coefficients.
2.4- Steps of Compression

As shown in Fig.1, below, in transform coding, the input image is
divided to subblocks of 8x8 pixels, then each subblock is
transformed, quantized and coded alone, finally, the subblocks are
collected together to represent the comprised image [8,9,10].

Input nxn Forward
S S— Subimage » Transform
image
Compressed Symbol | '
image <7 Encoder [* Quantizer

Figure 1- Steps of transform coding

Reconstruction of the image is a reverse operation to compression,
starts with decoding the samples to be inverse transformed, then
merging each 8x8 sub-image to build the reconstructed image.
Two commonly used gray scale test images were used in this
analysis see figure (2, 3):
1- Image Women (mean = 126)
2- Image Peppers (mean = 119)
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1- Results:
The following table presents the results of applying the
procedure on the test image Women for four cases.

Table.1- Results of compressing image Women

S-JPEG Size =16 Size =24 Size =32

MSE 21.12 10.76 19.22 28.08
PSNR 34.5 371 35,3 33.6
CR 7.9 7.8 8.15 8.66
Entropy 1.61 1.54 1.34 1.12
ACL 2.57 24 2.1 1.87

# Samples 293 139 96 76
# Zeros 13984 13070 19284 14496

As shown in table-1, the higher the number of samples the longer
Huffman code and longer Codewords, as in the case of S-JPEG, the
number of different samples are 293 repeating 2400 times (16384 —
13984) where 16384 is the total number of coefficients (128x128).
Each sample has it's own probability of occurrence and code word
including the sample zero. We can find the average length of the
codeword (ACL) using the following formula:

293

ACL =) P(sDL(s) 6)

Where the entropy is the optimum case for average code word
length ACL

(a)- JPEG (b)- 16 (0)- 24 (d)-32
Figure.2- Women compression using JPEG for (a) and different Step
sizes for (b, ¢ and d)
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The same procedure was applied for the image Peppers and the
following table presents the obtained results.

Table2- Results of compressing image Peppers

a- S-JPEG b-Size= 16 c-Size =24 d- Size =32
MSE 33.64 13.00 24.57 37.2
PSNR 32.86 37 34.2 32.43
CR 6.7 6.3 7.45 8.16
Entropy 2.182 1.941 1.543 1.299
ACL 3.13 2.9 2.5 2.25
# 318 128 88 3012
Sampls
# Zeros 13042 11590 12695 13372

(a)- S-JPEG (b)- 16 (b)- 24 (c)- 32

Figure3- Peppers compression using S-JPEG for (a) and different Step
size for (b, ¢ and d)

From the above obtained results for Entropy and number of
samples, it is clear that having many different values of the
quantization matrix elements will yield a long code with long
codewords resulting in more bits to be stored or transmitted [10]. At
the same time, using one step size has its disadvantages, where using
one small step size produces too long code, while using a higher
value, results in high value of MSE and low value of PSNR

A new quantization matrix was proposed, the elements of which
consist of only three different values, where the three values are
multiples of 8 for adapting the quantization output. The proposed
matrix is as shown below.
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(16 16 16 16 32 32 32 32
16 16 16 32 32 3232 32
16 16 32 32 32 32 32 32
16 32 32 32 32 3232 32 (7)
32 32 32 32 32 3232 96
32 32 32 32 32 32 96 96
32 32 32 32 32 96 96 96

- 32 32 32 32 96 96 96 96

Proposed Q-matrix =

Table.3, below, presents a comparison between S-JPEG and
Proposed quantization matrix for compression of the two test
images. It is clear, that, the proposed quantization matrix gives
better results of Mean Squared Error (MSE), higher values of Peak
Signal to Noise Ratio (PSNR and compression ratio CR), compared
with S-JPEG, By comparing the results of the tow images. we note
the effect of image structure on compression.

Table.3- Comparison of JPEG and Proposed Q-matrices results

Image women Image Peppers
S-JPEG | Propose | S-JPEG Propose

MSE 21.12 20.48 33.67 28.90
PSNR 34.9 35.02 32.86 33.52
CR 7.6 8.49 6.7 7.56
Entropy 1.61 1.1734 2.18 1.58
ACL 2.57 2.13 3.13 2.53
# Samples | 293 139 318 128
#Zeros 13984 14496 13042 13027

2- Conclusion

From the results, shown above, dividing by different values
produces much more samples or coefficients which need to be coded
resulting in a lengthy code and more lengthy code words, on the
other hand, dividing by one value (step size) will produce only
multiples of that step size, where, the higher value of step size the
lower number of samples. To avoid losing some information of
lower frequency coefficients, a new quantization matrix of only
three different values was proposed. The results of using the
proposed quantization matrix are better than those of using one step
size (uniform) or of using many step sizes (nonuniform),
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