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Abstract
The purpose of this work is to reduce the data volume and to achieve a low bit
rate in the digital representation of Low vision medical digital images (X-ray
& MRT), without a perceived loss of image quality. In JPEG compression, it is
possible to control the compression ratio and image quality by eontrolling
quantization table values. Thus an attempt is made to standardize the JPEG
quantization table {or medical images by statistical methods, The resulted
compressed imuages show low bit rates with approximately little degradation in
their visual quality PSNR (Peak Signal to Noise Ratie). Then the resulted
quantization table is used as a standard quantization table for enhancement
technique in DCT (Discrete Cosine Transform) domain, The level of
enhancement is adjusted by a parameter .1 which can be setted to any desired
level. The resulted medical images resulted at the output of presented system
show high visual quality.
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Introduction

The trends in medical imaging are
increasely digital [1]. The quantities
and quality of medical imaging data
are  forcing  consideration  of
compression and as result enhancing
the compressed images by lossy
compression techniques can achieve
much higher compression ratie
through it doesn’t permit the exact

recovery of the original image. In
image compression with JPEG
baseline system its possible to control
the compression ratio and the quality
bv  controlling values in the
quantization table [1.2]. This table
contains 8*8 coefficients and each
coefficient  determines  the  bit
allocation in the frequency domam
{3]. Generally, medica! images has
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significan! values (thess values that
contains most of image details), in
much higher frequency components
[3]. Consequently, the compression
with a low bit rate and without
perceived loss of diagnostic quality is
achieved by  modilying  the
quantization table @, as a pre-
processing  to  obtain  modified
quantization  table @,  before
performing  the new scheme
enhancing low quality medical images
via weighting quantization table
with redesigned array to obtain new

table @)  which

includes the modified values this
scheme is illustrated in the fig (1)
below:

JPEG BASLINE SYSTEM

quantization

In mmage encoding with IPEG
baseline  system  Jossy  image

compression is achieved as follows:

- Image data in the spatial domain
(X) is grouped in to the non
overlapping 8*8 blocks (X;) [ 4.5 ].

2- The 2-D DCT is performed on each
§*8 block of the source image to
obtain transformed coefficients, hence
in the JPEG domain there are 64 basis
function or images for 8*8, image
data in spatial domain, this is
Hiustrated in Fig (2). The actual
formula for 2-D DCT is as follows.
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The inverse DCT is obtained using the
same basis function as[2,5].
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where Ciu),Civ)=1/ NE]

and Cru), Cvi=1 otherwise.
3-After output from the DCT each of
64 DCT coefficients is uniformly
quantized in conjunction with 64
element quantization table, which is
specified by the application (or user)
as an input to the encoder [4,5]. The
purpose of quantization is to achieve
further compression by representing
DCT  coefficients with no  greater
precision than is necessary to achieve
desired image quality. Quantization is

for wv=0.

defined as division of each DCT
coefficients by its corresponding
quantized step-size followed by

rounding 1o the nearest integer as
below [4,5].

" v) = INT NDEL Ay, (3)
Fguw) {(ROU D{Q “)}J‘}

i

[n the JPEG standard, the same table
is used to all blocks of JPEG image
see Table (1) The dequantizer
formula is as:

Fouv)=FZ*0w,v) @

where O, v} is the array of elements
of quantization table. If there is no
loss of information in the DCT
process guantization process resufts in
loss  of information in  JPEG
compression standard [5]-
Quantization in transformed domain
means reducing the magnitude of the
component. If the quantization error is
not large, inverse quantization may
praduce the similar values as the one

before  quantization  [4,5,6].The
quantization table plays a vital role in
this presented scheme for

compression and enhancing medijcal
images .
Enhancement In Jpeg Domain
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(A) The Standrization Of Jpeg
Quantization Table For Medical
Image

It is possible to control JPEG image
quality by controlling values in
quantization table; hence a
preprocessing for the images (medical
images) is done to enhance their
quality before introducing the input
image to the proposed enhancement
system presented in [1]. This process
is attempted by using statistical
method [3]. The standardized
quantization tahle is determined by
using the following steps:

1-10,465 of (8*8) blocks are extracied
from 23 medical images (455
blocks/image). Some of these images,
( chest, brain, bone...etc)

2-Each (8*8) block is transformed
with 2-D DCT (Two-dimensional
Diserete Cosine transform) transform.
3-The resulted (8*8) blocks are
averaged. Therefore each [requency
component of the resulting (8*8)
blocks is average of 10,465 values.

Foylti, %)= YFE(uv)/ T, (5)
af lim ages

where 7., is the total number of

blocks.

4-Each quantizalion value of the table
is determined on the reciprocal value
of each wvalue of the frequency
distribution.

Table (2) gives the experimental
result of standardized quantization
table for image called chest of size
192*%192 (8) bit/pixel give. The flow
chart of standardization process is
depicted in fig(3)

{B) General Frame Work For
Algorithm

After the previous standardization
to the quantization table the modified
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JPEG receiver is illustrated in fig (4)
below. The compressed image is
decoded and dequantized using
quantization table @, that is
transmitted with the compressed
image. The inverse 2-D DCT (2-D
IDCT) is applied to the image resulted
from dequantizer to obtain the
reconstructed  blocks, The image
enhancement algorithm operates in
the decompression stage by weighting
the modified quantization table @,
with a pre-designed array to obtain
new  weighted and  standardized

quantization table (" that includes

the enhancement function. Note that
the multiplication operation presented
in fig (4) is a point by point
multiplication.

(C) Weighting Of Quantization
Table

Image enhancement implies contrast
modification and thus requires 2
measure of contrast. Contrast measure
can be used to determine the
parameters in an image enhancement
algorithm  [3,6).0n¢  method of
contrast measurement is local contrast
measure by using equation .

L=l
o, = ,"!X(g -8Vplg) ()
z<0

where L= gray level range, g=gray
level value in any region of interest in
image. p (g) =probability of
occurrence of that gray level in region
of interest, g =Mean value of gray
levels in region of interest, finally
o, = standard deviation of gray levels
in region of interest. Human contrast
sensitivity varies as a function of
spatial frequency, therefore the spatial
frequency content of an image should
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be considered in the definition of
contrast .In[1}a definition is proposed
of local band-limited contrast in
images that assigns a contrast value to
every point in the image as a function
of the spatial frequency band .For
cach frequency the contrast is defined
as the ratio of the band pass-filtered
image at that frequency to the low-
pass images filtered 1o an octave
below the same frequency(l |. Let F
be an 8*8 block which is composed of
DCT coefficients where F,, are DCT
coefficients(as illustrated in equations
1.2 )

Joo Sou Jos oo T Sos Sox Joo)
Jo Jo Se Ss Ko fs Se s
Fu o T S S fis Bt
polli by Jo B By By Fy
.l’;u ..-’.u f-u ﬁﬁ .fl-l J';J. fﬁ J’:T
.'r;';l f;: Jr;]. —{3] fS—I ﬁ:. f'lk Jr!-'fl‘
Jo Jo Jo o K fs S Ja
I_,f:n ,?"-." .-"‘;: .ﬁ'j .;f:: .Ir..". .'r':"f .er‘_
(7)
The value of (f, ) represents the value
of each of DCT coefficients
Lorresponding  local  band-limited
image contrast can be defined
Sfollowing[ | Jas:
,,=£'~'—[i£n£l4} (8)
2 Ei
i=0
Or following [5 ]:
i
ZEE
Cp= ,:,E: (9)
2 Ei
i=0
where
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En :% Z]ﬁ;!

N it j=n

(10)

In above ij represents the row and
column  number respectively  in
(M.and £, is a spatial frequency band
illustrated in equation (7)also. Finally:

- [n+l.n<8 l
N=
14-n+l...n28)
Here, for simplicity., the following
measure will be employed.

(i1)

2)

(1
Equation {lzj is  employed as
definition of contrast  measure,
because, as shown below, it results in

& very simple form of the function for
uniform enhancement [5 ].

Contrast Enhancement In Det
Domain
Let the contrast of the original block
beC = (€;,€25..- Cpg ), where
" the contrast is specific frequency

band £, let contrast of the
enhanced block

hﬂ‘E = (E] g Ez -"""Ei'l-i ] . It for

example one wishes to enhance the
contrast uniformly for all frequencies,
then,

and

c,=4%c, (13)
Leading to ;
E, _ _  A*E
=T, =A*C, =——
£y Ep-
(14)

which when rearranged yields.
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'I'_hus the enhanced DCT coefficients
[, are:
Jy=2"f; (16)

The above processing can be realized

by weighting the standardized
quantization table Q,.
Tt = A dsti, ) (17)

where ¢,  are the elemems of 0, .

6.

and @, ,are the elements of the

weighted and standardized
quantization  table O\" .The above
processing  requires only 64

multiplications [!]. and can be
implemented with a single parameter
control.

Experimental Results

Good diagnosis is achieved by
subjective assessment of the quality of
pictures. Table (3) shows the
experimental results for the presented
medical images chest and brain
{(PSNR and the bit rate) .The PSNR is
approximately the same for the
images quantized by the standard and
standardized  quantization  table.
However 4.1% in the chest image and
about 4.5% in brain image improves
the bit rate. The chest image with
(35.7dB) and brain image with
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{35.9dB) were enhanced by using
method described in section 3.3. The
enhancement effects were evaluated
visually. The level of enhancement

was controlled by factor 4, Fig(5) and
fig(6) illustrate how the enhancement
can be adjusted by controlling a single

parameter 4 for two images with %
selected to be (1.3.1.7,1.9), as scen
from these two figures that the
sharpness of image is increased so the

doclor can adjust the input *~ o
specific level of sharpness for any
medical image. Fig (8) and
fig(9),illustrate the histograms of sach
image that emphasize the visual
results from which it is clear that

increasing the value of A results in
more spreading (reduction in peaks)
of the histogram shapes. The same
system was applied on other two
images  (brain  2,and  bone)as
illustrated in fig.(%and in fig.(10)
with (346 dB, and 38, 3 dB)
respectively with their  histograms
illustrated in fig.(12) and in fig.(13),
the result previously presented are
emphasized in these new groups of

images.

Conclusions

The proposed JPEG quantization for
lossy  medical  compression
performs well in the new
enhancement system that works
on the compression domain
directly unlike other compression
technique which works on the
decompressed image resulting in
increasing blocks and other
artifacts, Table (3), present the
gain in (bit/'sample) for two
images with average gain of
about 4% for image called chest
and image called Brain, with
negligible degradation in PSNR.
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Thus the standardized
quantization table plays a vital
role in the presented

enhancement technigue that can
be adjusted for medical image by

a doctor to the desired level by

adjusting 4 . Figures (3) 1o (12)
illustrate  the application
proposed enhancement technique
with histograms. It is seen that
incmasingz leads to more image
sharpness, this is proved with
more spreading the histograms.
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1,0465 (8*8)bhlock
exirncted from 23
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—ctch (8°8) block
transformed with- 2D
DCT wransform

Averaging the resulted (8*8) blocks sce
equation{5)

T

—gach quantization value of the table is
determined on reciprocal value of each of
|
the distribution

Fig.(3): The flow chart of standardization process
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Fig (4): The Modified JPEG Decoder with image enhancement function.
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Table (1): Standard Quantization table for JPEG image

R =wnn
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Table (2): The standardized quantization table for JPEG
medical images

[24 T4 Ts1 |97 [72 [ 145 |
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Table (3): Comparison between standard und
standardized gquantization tables,

Bit rate .
JPEG (hit'sample) PS!:{-]I:“M—E}
Q_table
Chest | brain chest brain
Q 0.740 | 0.675 | 360 36.3
Q! 0710 | 0,646 35.7 35.9
- o . = =
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Fig {7} {a,be ) Histograms of original image called Chest and enhanced imuges
with 4=(1.3,1,7,1.%) respectively
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Fig.(12} (a,b,ed):Histograms of original image called Bone ,and enhanced
images with 4=(1.3,1.7,1.9) respectively
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