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Abstract-- Medical imaging is the primary factor for precise and successful clinical diagnosis and investigation of diseases. 
X-Ray images captured from the radiography machine have to be stored and transferred to the required destination 
effectively without any loss of data, for medical analysis and various operations by the radiologists. As the amount of 
medical imaging data increases, a proper storing mechanism using a good compression technique has to be implemented for 
storing huge amount of data, without compromising with quality of the medical images. This paper discusses various 
parameters and the preprocessing methods which play a very important role in analyzing the medical image size before and 
after compression for different cases. Based on the sets of results obtained for various cases, decision is taken at multi levels. 
This in turn helps in pointing at the parameter which acts as the deciding factor to obtain a good compression. The 
parameters considered in this paper for our analysis are: (1) signal to noise ratio values calculated between a set of test and 
reference images (2) correlation coefficients obtained for a sequence of source and target images (3) slice thickness for 
multi-slice modality images. The preprocessing method employed here is, subtracting the images in a sequential order and 
storing the resultant images. The unprocessed original and preprocessed images are later compressed using a lossless 
compression algorithm. Based on these compression results acquired, further processing using average and compression 
technique is done to check for betterment in the compression results. This positive change in results is explained, and also 
the parameter which bought about this improvement in results is identified. Hence, a detailed study in understanding which 
factor can be used to determine, if subtraction is a better preprocessing method that supports good compression in medical 
imaging; is called for. We also intend to find if the parameters correlation or signal to noise ratio, can be used as a sole factor 
for this analysis, by considering examples for many case conditions. Thus, this paper discusses a systematic approach for 
decision making which helps in obtaining a good compression based on the exhaustive sets of the experimental results 
obtained. Using ImageJ software, correlation and signal to noise ratio values have been obtained. Software coding for 
preparation, subtraction and averaging of images has been done using Visual Studio 2010 software. JPEG2000 lossless 
compression has been chosen for compressing all the medical images that have been considered in this research work. 
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I. INTRODUCTION 
 

For the efficient use of digital medical imaging 
technology and applications, compression is the basic 
factor to be considered, as it provides greater scope 
for storing large amount of image data and faster 
image transfer over the network and web [1]. Medical 
services today rely heavily on the imaging 
technology, such as the X-ray computed tomography 
(CT), magnetic resonance imaging (MRI), ultrasound 
imaging (US) and X-ray Angiography (XA) 
examinations. As these examinations are used more 
often, there will be a steep rise in these medical 
equipments being used in the hospitals, and hence the 
volume of the acquired data increases at an alarming 
rate to the point of becoming extremely excessive [8].  

Statistics have shown that, radiology department of 
a large hospital can produce more than 20 terabits of 
image data per year. Every year in the USA alone, 
data generated is of the order of peta bytes and is 
increasing rapidly. For example, a CT exam produces 
an average of 12 Mbytes of imaging data which is 30 
images, 512x512 pixels, 12 bits/pixel. A digitized  

 
chest X-ray, which is 4096x4096 pixels, 12 bits/pixel, 
requires an average of 24 Mbytes of storage space per 
image.  

This happens due to high image resolution used for 
imaging in radiology, and also due to the large 
number of images required for each of the medical 
examinations. This in turn challenges the capacities 
of digital storage systems, and due to this a steep 
increase in the requirement of bandwidth for 
communication network occurs [9]. The need for 
medical image compression are: (1) digital medical 
image databases are generally enormous databases, 
(2) patient data must be stored for a long time which 
results in a continuous growth of databases, (3) image 
transmission time is dependent on volume of image 
data [7]. This work discusses the parameters and 
methods, which play an important role in analyzing 
the medical image size before and after compression. 
Subtraction of frames is the preprocessing method 
used, and the parameters chosen for analysis are: (1) 
signal to noise ratio, (2) correlation coefficient and 
(3) slice thickness. JPEG2000 lossless compression 
has been opted, to compress the images. Observations 
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are done to check if subtraction and compression 
method alone improves the compression results of 
images compared to the compression results obtained 
for the unprocessed original images. Parameter 
analysis is done at various levels and results are 
classified into different cases. Furthermore, averaging 
and compression method is applied to identify the 
factor which is bringing about the better compression 
results. Also, we wish to understand if slice thickness 
can be used as a preprocessing decision factor instead 
of correlation.    
 
II. MATERIALS AND METHODOLOGY 
 

This section describes the definitions, formulae, 
parameters and preprocessing methods used in this 
work. 

 
A. DICOM Image 

DICOM stands for Digital Imaging and 
Communications in Medicine. It is a standard for 
handling, storing, printing and transmitting data and 
information in the medical imaging world. DICOM 
images differ from other grayscale images, where 
each image has a header with a group of tags 
containing complete information about the patient as 
well as the image. Thus, the image is secure as it 
cannot be separated from this information. Fig. 1 
shows DICOM images of modalities US, CT, MR 
and XA. 

 

 
 
DICOM images used for analysis in this paper are 

all either X-Ray fluoro or snapshot images of varying 
modalities like XA, CT or MR. For multi-frame 
fluoro images, each image is separated into individual 
frames, such that compression is done for a single 
frame or groups of single frames, as it does not 
support continuous multi-frame image compression. 
To solve this problem, and support compression for 
any type of DICOM images, coding was done using 
VB.NET, to break the continuous image to individual 
frames with no data loss. Fig.2 shows the flow of 
operations.  

 

B. X-Ray and C-Arm Machine 
X-ray is a radiation containing defined amount of 

energy and is a discrete packet of electromagnetic 
wavelength ranging from 10-8 m to 10-11m. X-ray is 
used in radiography to obtain images with precise 
information, and is used to view non-uniformly 
composed material such as human body [2]. 
Fluoroscopy provides continuous real time X-ray 
images. 

The C-Arm is a specialized ultra low-dose X-Ray 
imaging system which can scan the entire human 
body and produce very high resolution and precise X-
Ray multi-frame fluoro images. It is so called, due to 
the special semi-circular design and is used to 
improve the outcomes during pre, intra and post 
operative operations. The directions of movement of 
this device are vertical, horizontal, swivel and 
rotation.  
 
C. Correlation Coefficient Calculation  
Correlation coefficient ‘R’ is used to exploit the 
similarities [5], existing between image pixels, for 
two images ‘X’ and ‘Y’ being considered, and is 
given by equation (4). Mean of variables ‘X’ and ‘Y’ 
is given by (1). From (2) variance of ‘X’ and ‘Y’ is 
calculated. Covariance of ‘X’ and ‘Y’ is obtained 
using (3). Correlation coefficients have been 
calculated using the ImageJ software [11]. ‘R’ ranges 
from +1 to -1. This is the first decision level in this 
approach, to obtain a good lossless compression. 

 
Consider an image made up of ‘n’ frames. 
Correlation coefficient ‘R’ is calculated for a 
sequence of frames ‘F(n)’ in an increasing order, that 
is between F(1) and F(2), F(2) and F(3), F(3) and 
F(4),….,F(n-1) and F(n). Results were stored as R(1), 
R(2), R(3),…,R(n-1) respectively. If the value is 
almost equal to 1, then the images are well correlated, 
and it states that there is very little difference between 
pixels of the two images being compared. Else, they 
are badly correlated. Comparing the preprocessing 
parameter results, we intend to find the dominant 
factor that predicts good compression, after analyzing 
the results obtained from the subtraction and 
compression, as well as the averaging and 
compression techniques. Whether, replacing 
correlation analysis with slice thickness analysis, 
support the results is what has to be checked. Also, 
we tend to understand if correlation alone can act as 
the deciding factor for a good compression, or not. 
 
D. Signal to Noise Ratio Calculation  

SNR is defined as the ratio of signal power to 
noise power [4], which is calculated using (5), and 
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measured in decibels (dB). As shown in (5) the 
parameter [r(x,y)] is the reference image and [t(x,y)] 
is the test image. Images considered for calculations 
have the same size denoted as [nx,ny]. SNR is 
calculated using the ImageJ software [11].  

 
The ‘n’ frames of an image are averaged with an 
averaging factor ‘j’=‘n’ using (6) to obtain a single 
image. This is chosen as the reference image, ‘O’. 
SNR is calculated for the sequence of frames ‘F(n)’ 
in the increasing order, that is calculations between 
‘O’ and F(1), F(2), F(3), F(4),…,F(n). This analysis is 
done to prove that as the SNR values improve due to 
averaging, ‘A’; there will be a better compression due 
to the subtraction and compression technique applied 
to these averaged images, compared to the 
compression of the original unprocessed images. 
Averaging and compression technique is the fourth 
level of decision. Is SNR the sole dominant parameter 
whose values point toward good compression, or not; 
is what we want to understand from these 
calculations. 

 
E. Subtraction of Images  
Literature study reveals that subtraction can be used 
as a preprocessing method for compression [3]. The 
minimum pixel value of the frames is noted. The 
subtracted images are compressed and changes in the 
compression results obtained post this operation is 
examined. If pixel value of the subtracted image is 
negative, it is not rounded off to zero, but is 
substituted with the minimum pixel value. If two 
perfectly correlated frames are subtracted, then the 
resultant image obtained would be an image with 
pixel values zero, and is expected to give a very good 
compression. Similarly for a large sequence of 
frames, they can be sequentially subtracted and only 
the resultant images can be stored, thus drastically 
reducing the number of frames being stored, in turn 
increasing the storage space. But, if they are badly 
correlated, the frames cannot be reduced to a single 
image, as there is a possibility of data loss which 
would lead to degradation in quality of the image.  
Subtraction is calculated for an image with ‘n’ frames 
as F(1)-F(2), F(2)-F(3),..,F(n-1)-F(n) and the resultant 
images are S12, S23,…,S(n-1)(n) respectively. In 
order to retrieve the original frame, a single reference 
frame has to be added to the subtracted image. All 
these resultant images are compressed and change in 
results is noted. Can this technique alone improve the 
results, is to be understood from this test. This is the 
third decision level. 
 
F. JPEG2000 Lossless Compression 
JPEG or Joint Photographic Experts Group is a 
compression standard that is used globally for digital 

photographic images. In lossless compression, an 
original image is perfectly recoverable, with no data 
loss. Also, the compression procedure has to satisfy 
the medical imaging standards, for practical 
applications. Hence, JPEG2000 lossless compression 
is used, in order to make sure that there is no loss of 
data, as in medical imaging it is very important to 
make sure there is no ambiguity in the image data 
else it may lead to a wrong clinical diagnosis. 
Generalized block diagram of the coder [10] is as 
shown in Fig.3. 

 
Figure 3. JPEG2000 Lossless Compression Coder 

 
Tiling: Image is split into smaller components, which 
are decomposed into rectangular tiles.  
Forward Transform: Discrete Wavelet Transform 
(DWT) is used to decompose each tile into different 
sub bands. Reversible transform uses 5-tap/3-tap 
filter.  
Quantization: Coefficients are scalar-quantized to 
reduce the number of bits. Output is a set of integers 
which are encoded bit-by-bit. Quantization step is ‘1’, 
for lossless compression. 
Entropy Coding: Bit-planes of the coefficients of the 
code block are entropy coded.  
Slice Thickness of CT or MR images 

Generally, thinner slices have lesser noise 
compared to thick slices of images. Hence, 
compression results can be predicted based on these 
values. Instead of correlation, this analysis can be 
used to predict the compression results; is what we 
want to analyze. This is the fifth level of decision. 
 
III. DECISION MAKING AT DIFFERENT 

LEVELS 
 
The steps involved for decision making is given 
briefly in this section. Initially, for all the image 
frames, SNR and correlation values are calculated. 
These individual frames are then sequentially and 
randomly subtracted and stored as ‘S’. They are 
compressed using JPEG2000 lossless compression. 
Next, to check if calculating the average for a set of 
images for different averaging factors ‘j’ would 
improve the SNR, sets of images were averaged and 
the resultant images, ‘A’ were compared with the 
unprocessed original images ‘F’, post compression. 
Based on this, the deciding parameter which causes 
the improved compression results is identified 
. 
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Figure 4. Decision Making at different levels for compression 

of Medical DICOM images 
 
As shown in Fig.4 various steps are executed using 

variety of images for different case conditions and 
decisions are made at various levels, to finally 
identify the decision parameter. This in turn helps to 
save an enormous amount of storage space for more 
medical examinations to be conducted and stored, 
which is a boon to the medical world.  
 
IV. RESULTS AND DISCUSSION 
 

Experimental results obtained are grouped into 
different cases and given in this section. For large 
multi-frame images, results for all frames cannot be 
included in the paper and hence, results for only a 
few frames are shown. 
Case (1): Well correlated images, with good SNR 
values: 
     Consider a 12-bit CT mouth image of 170 frames, 
(512x512) resolution, 514KB per frame, a total of 
87.38MB. Fig. 5 is the image and table I, gives the 
tabulated results. 

 
Fig. 6 shows a 16-bit CT thorax image of 340 frames, 
128x128 pixels, 33.9 KB per frame. Next, using (6) 
for varying averaging factors given by ‘j’= factors of 
‘n’, averaging is done and these averaged images ‘A’ 
undergo subtraction and compression technique to 
give results as shown in table II. 

 

 
 
Good compression is obtained for images with 

good SNR and correlation values. Also, the 
sequential subtraction and compression technique 
further reduces the compressed image size and is 
because images are well correlated, with low noise.  
Case (2): Images with good SNR, but are badly 
correlated: 

 
Fig. 7 and 8 display MR Head and Chest image 

respectively. They are 16-bit images of (256x256) 
resolution and 137KB per frame. Corresponding 
tabulations is given in table III. Averaging and 
compression results are given in table IV. In this case, 
even though the SNR values are good, the images are 
badly correlated.  
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As shown in figure 7 (c) the frames are so badly 
correlated that, the subtracted image has so much 
details even after the subtraction. To show this, we 
have chosen random frame subtraction and 
compression technique. But, this does not enhance 
the compression results compared to size of the 
compressed original frame.  However, the averaging 
and compression technique shows improvement in 
SNR which in turn, improves the results as shown in 
table III, before applying subtraction and 
compression method.  
Hence, we draw a conclusion that SNR is a dominant 
factor, for this case, and correlation alone cannot act 
as the decision parameter for obtaining a good 
compression. 

 

 
Case (3): Images with bad SNR, but very well 

correlated: 
As shown in Fig. 9, a 16-bit XA Hand image of 2MB 
per frame of resolution (1024x1024) supports this 
case. Tables V and VI show the results. In this case, 
even when the images are very well correlated, 
because SNR is bad, the images give a bad 
compression after applying the preprocessing 
subtraction technique. Similarly, when averaged, the 
compression results are better, even then subtraction 
and compression technique does not enhance the 
results. 

 

 
The results point that SNR is the deciding factor, as 
even when they are well correlated, and the SNR is 
bad, we do not obtain a good compression, using the 
preprocessing techniques. Correlation cannot be used 
as a sole deciding parameter. Averaging and 
compression technique supports better compression 
for the original frames compression, but not for the 
subtraction and compression technique. Hence, this 
case too favors SNR as the preprocessing decision 
parameter, compared to correlation coefficients. 

 
 
The image shown in Fig. 10 is a 12-bit MR body 
image of size 203KB per frame. Results are shown in 
tables VII and VIII. Thus, we observe that, when 
SNR and correlation values obtained are bad, then the 
subtraction and compression method does not further 
improve the results. Averaging and compression 
method improves SNR, which give better results. 
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Fig. 11 shows the 12-bit CT heart image with 
differing slice thickness. Each slice is 514KB per 
frame. From the results obtained, as shown in table 
IX, we intend to understand if slice thickness can be 
used as a preprocessing parameter instead of 
correlation. As we know, correlation values decreases 
slightly as we average the images. When we average 
the thin slice images, it becomes thick slice images. 
So for thick slices the compression results obtained 
after the preprocessing operations will be good only 
up to a certain level, after which it does not improve. 
From the results shown below, we say that instead of 
correlation, slice thickness can be used as an 
alternative parameter for decision making purposes. 

 
 
CONCLUSION 
 
Excellent lossless compression results have been 
obtained. Set of points observed, analyzed and proved 
from the research are: (1) SNR acts as the deciding 
factor even if the images are well correlated, (2) 
correlation can be used as a preprocessing method if 
the SNR values are good. Bad SNR will lead to 
negative results. It can be used as a preprocessing 
method, to decide image compression with 
subtraction for high quality images, (3) instead of 
correlation, slice thickness can also be used as the 
alternative criteria in multi-slice imaging techniques, 
as slice thickness criteria is completely inexpensive. 
Hence, we conclude that correlation alone cannot be 
used as a deciding factor for subtraction and 
compression technique and SNR plays a very major 
role. If SNR and correlation is good, then subtraction 
as a preprocessing technique in compression works 
well. For multi slice images future research needs to 
be conducted for detecting exact slice thickness ‘t’  
 

and exact SNR values ‘u’ up to which good 
compression results can be expected, using SNR and 
correlation calculations as shown in the Fig.12. 
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