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Abstract Medical images modalities are extensively adapted to diagnosis disease. These imaging modalities
include computed tomography (CT), magnetic resonance imaging (MRI), ultrasound (US), and X-ray... etc.
The problem associated with medical images is the storage space and bandwidth required for archiving and
transmission of this kind of images. Thus image compression is a key factor to reduce the bit rate for
transmission or storage while maintaining an acceptable reproduction quality. In this paper, an efficient ROI
compression approach using hybrid lossy-lossless compression will be presented. This method is based on
applying discreet wavelet transform (DWT) as a lossy method and grayscale and binary matrix (GSBM) coding
algorithm as lossless method. The results show that the proposed method performs much better than Jpeg-
lossless especially with smaller regions of interest.
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I.INTRODUCTION:
visual inspection of medical images is an
important task in diagnosis that demands

and lossless. Lossless compression allows for the
perfect reconstruction of the original images, but

experience and great concentration. The rapid
advancement in digital image processing has led
to computer assisted diagnosis (CAD) [3, 4]. Even
the CAD is used for diagnosis purposes, still
medical images have to be in a compressed form.
Image communication systems for medical images
have bandwidth and image size constraints that
result in time-consuming transmission of
uncompressed raw image data. Thus image
compression is a key factor to improve
transmission speed and storage, but it risks losing
relevant medical information [5]. It exploits
common characteristics of most images that are
the neighboring picture elements or pixels are
highly correlated [6]. It means a typical still image
contains a large amount of spatial redundancy in
plain areas where adjacent pixels have almost the
same values. Image compression techniques can
be classified into two different categories; lossy

yields small compression ratios around 3:1 even
under state of the art coding methods. [7]. On the
other hand, significantly higher compression
ratios can be obtained if the loss of quality can be
allowed, thus; more compression is obtained at
expense of higher image degradation, which may
cause misdiagnosis. However, a hybrid lossy-
lossless compression technique can be applied on
different regions of the image. Since only a small
portion of the image might be diagnostically useful
(ROI), this region can be lossless compressed
while athe rest is lossy compressed. In this paper,
an efficient hybrid lossy-lossless compression
technique has been proposed. Our new lossless
algorithm used as lossless technique for ROI[1,2],
while a lossy wavelet-based compression is used
as lossy technique for the rest of image regions.
More details on this technique will be explained in
the next section.
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II.MATERIALS AND METHODSA: region of
interest (ROI) is defined as the area of an image
which is clinically or diagnostically important to
doctors who can free to identify the ROI based on
their needs. In this study a sample of 8-bit per
pixel grayscale images have been used. The
original images are shown in figure 1. These
images are first read then a region of interest is
chosen and extracted. There are two methods to
identify the ROI, one is manual and the other is
automatic. The manual method was used in our
case to identify the ROI of 10% and 15% size. The

ROI has been losslessly compressed whereas the
remaining image was lossy compressed. The
following figures show some of compressed
images, where the GSBM algorithm proposed in
[1,2] was used as a lossless technique to compress
ROI, while the DWT was used as a lossy technique
to compress the remaining image. The general
block diagram of the proposed method is
illustrated in figure 2.

Figure 1: Original Test Images

Region of Lossless
™ Interest Rt Compression
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' Background Compression

Figure 2: General Block Diagram of Proposed Method

Table 1 Steps of the Proposed Method

1:// start

2:// Read the original image

3// Segment the image into ROl and BG subimages
4:// Segmentation Process

5:// Select the coordinates of the ROI subimage
6:// if the selected coordinates are correct
Extract the (ROI)

7:// else goto 5

8:// For the (ROI) subimage

Apply the lossless algorithm [1]

9:// for the rest of mage

Apply lossy compression using WT

Our proposed lossless algorithm is based on only
two matrices, binary matrix and grayscale matrix,
that’s why is called GSBM The main steps of the
proposed algorithm are as follows:

STEP1: Read the original image matrix [OR].
STEP2: Construct the binary matrix [BM] and
grayscale matrix [GSM] based on the following
steps.

STEP3: Compare each pixel in the matrix [OR]
with the previous pixel in the same matrix as
indicated in figure 3.
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Figure 3: Original image pixels comparison

STEP4: The binary matrix elements are
calculated as follows:
0 if [OR] ; =[OR] .
[BM ] = - i,j i,j+1
"1 11 otherwise
(1)

STEPS: First element in [GSM] is set to be equal
to the value of the first pixel of [OR]

STEP6: The rest of the elements of [GSM] are
calculated as follows:

GsM ] - nul if [OR],, =[OR]

“ |[OR];, otherwise

i,j+1

(2)
Note that [BM] is a 2-D matrix while [GSM] is a 1-
D matrix.

STEP7: The original image can be reconstructed
as follows:

[GSM], if [BM] . =0
[rec_img] . = _ ¥
! |IGSM],,, if [BM], =1
(3)

The quality of the compressed image is measured
using Peak Signal-to-Noise Ratio (PSNR), based on
the Mean Square Error of the reconstructed
image. The formula for PSNR calculation is given

by [8,9]:
2° -1
dB
MSE
(4)

Where B is the bit depth of the image. For an 8-bit
image, the PSNR is computed by [8,9]::

(255)°

PSNR = 20Iog(

PSNR =10log dB

()
MSE is the Mean Square Error and it can be
calculated using the following formula [8,9]::

MSE:ﬁZiTZ_;Df(i, -G, jﬂ
©)

III.RESULTS AND DISCUSSION: The proposed
method algorithm is explained in table 1. A
sample of four 8-bit grayscale images has been
used in this study. Each image is broken down
into two subimages (ROI and BG). The ROI size
has been chosen to represent 10% and 15% of the
original image. The ROI is processed using our
proposed lossless coding algorithm [1, 2], while
the rest of the image is lossy compressed using
discrete wavelet transform. Figure 4 shows the
original image, ROI subimage, background
subimage and the overall reconstructed image.
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Figure 4: shows the original image and its 10% ROI

A comparison between different backgrounds,
ROI's and the overall images (Background and
ROI) in terms of the qualities which measured by

Peak Signal to Noise Ratio (PSNR) is represented
in a graph which plotted in figure 5.From this
figure, If we compare the quality of the
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compressed image with respect to ROI size, I t can
be noticed that smaller ROI size can be
compressed more efficiently. This is because of the
correlation between neighboring pixels becomes
higher in small regions than bigger one’s. The
performance of the proposed technique is
compared with other research results. The results
comparisons are indicated in Table 2 which shows
that the proposed technique performance is
similar or better than other techniques.

IV.CONCLUSION: In this paper, ROI based lossy-
lossless hybrid compression technique is

presented. Different ROI’s sizes are extracted in
which the pixels in the ROI’s have been replaced
by zeros. The ROI is losslessly compressed using
our proposed algorithms [1,2].while the rest of the
image is lossy compressed with high compression
ratio using discrete wavelet transform. The
advantage of the proposed method comes from its
simplicity and efficiency compared with existing
methods.

) Figure 1 E]B‘
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Figure 5: The PSNR of different ROI and backgrounds

Table 2 Performance comparison of the proposed ROI technique

Method Technique ROI size Performance
Zhang & Wu Method [10.] WT , JEPG2000 10% & 15% 12:1-18:1
Belc & Foo Method [11] WT , HC 10% 14:1 - 38:1
Chan Method [12] WT, Modified JPEG2000 10% 12:1 - 25:1
Christopolos Method [13] WT, Maxshift algorithm 8% - 25% 16:1 - 50:1
Proposed Method WT, GSBM proposed algorithm. 10% & 15% 16:1 — 48:1

REFERENCES

[1]- S.E.Gharae, Mohd. Alauddin Mohd. Ali,
K.Jumari and M.Ismail “An Efficient Low
Complexity Lossless Coding Algorithm for
Medical Images” American Journal of Applied
Science, 6(8), 1502-1508, 2009.

[2]- S.E.Gharae, Mohd. Alauddin Mohd. Al
K.Jumari and M.Ismail, “Development of an
efficient Near Lossless Coding Algorithm for
medical Images”, Regional Postgraduate
Engineering Conference, Putra Jaya, 20-21
October, 2009.

[3]-S. D. Streams, L. Tan, and N. Magotra,
"Lossless Compression of Waveform Data for
Efficient Storage and Transmission", IEEE
Transactions on Geosciences Remote Sensing,
vol. 31, no. 3, pp. 645-654, May 1993.

[4]- R. Gonzalez, R. Woods, "Digital Image
Processing", 2nd edition, 2002, Pearson
Education.

[5]- W.Qian, “ Tree-Structured Nonlinear Filters in
Digital Mammography” IEEE Trans., Medical
Imaging, vol. 13(1), 1994, pp.25-36.

[6]- [6] S.Yu,”A CAD System for the Automatic
Detection of Clustered Microcalfications in
Digital Mammogram Films”, IEEE Trans.,
Medical Imaging, vol. 19(2), 2000, pp.115-
126.

[7]-17]  D.Clunie,”Lossless = Compression  of
grayscale medical Images-Effectiveness of
Traditional and State-of-the-art Approaches”,
Proc.SPIE, Medical Imaging,vo.3980, San
Diego, CA, Feb 2000, pp.74-84.

JOPAS Vol17 No.2 2018

299



An Efficient Region of Interest-Based Hybrid Compression Technique for Medical Images Ghrare & Gharari.

[8]- Saffor, A., Ramli, A. R. & Ng, K. 2001. A
comparative study of image compression
between JPEG and wavelet. Malaysian Journal
of Computer Science, 14 (1): 39-45.

[9]- Saffor A, Ramli A.R. & Ng, K. 2002. Objective
and Subjective Evaluation of Compressed
Computed Tomography CT Images. The
Internet Journal of Radiology, 2(2).

[10]- N. Chang Zhang, X. Wu, " A Hybrid Approach
of  Wavelet Packet and Directional
Decomposition for Image Compression”
Proceeding of IEEE,CCECE’99 pp.755-780

[11]- Bele, D.V.; Foo, S.Y.; Roberts, R.O.; 2005,
“Comparisons of multi-resolution analysis

methods for mammogram and fingerprint
image compression”, The 18th International
Conference on Systems Engineering, 2005.
ICSEng 2005. 16-18 Aug. 2005 Page(s):269

[12]- Chan, H.-Y., Sari-Sarraf, H., Grinstead, B. L.,
and Gleason, S.S., 2004 “Content-Based
Compression of Mammograms with
Customized Fractal Encoding and a Modified
JPEG2000,” Journal of Optical Engineering,
vol. 43, p. 2986, December 2004.

[13]- C. Christopoulos, and Carlender, M.L. 2002.
“Region of interest coding in JPEG 2000”.
Journal of Signal Processing & Image
Communication. 17: 105-111

JOPAS Vol17 No.2 2018

300



