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Abstract The computerization of images have been impor-
tant for different medical applications. Nevertheless, the huge
volume of medical images can rapidly saturate transmission
especially in telemedicine field and may encumber storage
systems in case of local saving. Data compression represents
the most used solution to deal with this problem. Indeed, it can
minimize the data space and may reduce both the time of data
transfer and bandwidth consumption. In this context, we have
proposed new approaches, which combined image reduction
and expansion techniques, digital watermarking and lossless
compression standards such as JPEG-LS (JLS) and TIFF for-
mats. We named these compression methods wREPro.TIFF
(watermarked Reduction/Expansion Protocol combined with
TIFF format) and wREPro.JLS (wREPro combined with

JPEG-LS format). The results of comparative experiments
show that we have provided significant improvements over
the well-known JPEG image compression standard. Indeed,
our proposed compression algorithms have ensured a better
preservation of the image quality notably for high compres-
sion ratios.
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1 Introduction

The explosive growth in the use of Internet has made it an
attractive medium for data exchange in many areas as tele-
medicine, mobile military applications, e-learning, etc.
Nowadays, hospitals and clinical environments are quickly
moving toward computerization. This fact allows digitaliza-
tion, processing, stocking and transmission of medical images
to deal with the fast growing data [1, 2].

Modern medical imaging have produced a great amount of
data that can rapidly saturate transmission and storage systems
[3, 4]. To surmount this problem, a data compression have
usually been essential [5, 6]. In this context, several medical
image compression techniques have been developed to reduce
the image volume such as Fractal coding methods [7], Region
of Interest Coding Techniques [8, 9], Lossless dynamic and
adaptive compression [10], low-complexity compression [11]
and genetic algorithms [12]. However, JPEG [13], JPEG 2000
[14, 15], TIFF and JPEG-LS (JLS) [16] have remained among
the widespread methods used as standards since they provided
better performance in image compression.

We note that these techniques are based on coding algo-
rithms applied on transformed images to frequency or
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multiresolution domains [17, 18]. Moreover, some medical ap-
plications tolerate the use of lossy compression as long as the
compressed image does not yield to erroneous diagnosis [19].

In this work, we propose a new medical image compres-
sion approach that combined the image size reduction and a
lossless image compression method [20]. To minimize the
image size, we utilized the square-square mesh method. We
exploited the digital watermarking to embed in each pixel of
the decimated image the code of its best enlargement approach
[21]. The used image expansion techniqueswere “zero-padding”,
“nearest-neighbor interpolation”, “cubic interpolation” and “trans-
formed B-Spline”.

To further decrease the data volume to be archived or trans-
mitted, we suggested compressing the reduced watermarked
image [22, 23]. Hence, we chose to use encoding lossless
compression methods such as TIFF and JLS. Before
displaying the image on the screen, the user had to decom-
press the image, select the enlargement approach by extracting
and decoding the inserted information and use it to enlarge the
image. We named this process watermarked Reduction /
Expansion Protocol (wREPro) [24] combined with lossless
image compression.

The rest of this paper is organized as follows. Section 2
presents some techniques of expansion, reduction and
watermarking [25]. In section 3, we detail our proposed ap-
proaches. In Section 4, we reveal the results of the application
of our methods on various types of medical images. The con-
clusion is presented in Section 5.

2 Used Methods

2.1 Square-Square Mesh Decimation

The reduction of an image by a factor of 2 was carried out
horizontally and vertically. It removed basically a sample out
of two in each direction [26]. Thus, the function of spatial
decimation could be simply expressed by Eq. 1:

ds x; yð Þ ¼ 1 when x and y are even
ds x; yð Þ ¼ 0 otherwise

�
ð1Þ

According to Fig. 1, this decimation type kept each pixel
with even coordinates (x,y) and eliminated other pixels.

2.2 Expansion Methods

Several algorithms have been developed and allowed re-
searchers to expand images. To achieve this goal, we have
chosen to exploit mainly the following four expansion tech-
niques: Zero-padding, Nearest-neighbor interpolation, Cubic
interpolation and Transformed B-spline interpolation.

To simplify the presentation of these methods, we focused
only on the one-dimensional interpolation that was performed
with a convolution product in the spatial domain. It could be
easily extended on two dimensions benefiting from the sepa-
rability of the 2D interpolation functions.

2.2.1 Zero-Padding Technique

The zero-padding method emanates from the spectral preser-
vation concept. Indeed, the image is transformed into the fre-
quency domain by the Discrete Fourier Transform (DFT).
Then, the spectrum is expanded by appending zero-valued
samples in the added high frequencies. Finally, we apply the
inverse Discrete Fourier Transform (DFT−1) on the last result
to obtain the spatial representation of the magnified image
[27]. The mathematical description of this process in the spa-
tial domain is presented by the Eqs. 2 and 3.

g xð Þ ¼
XaN2 −1
m¼−aN

2

f ↑a mð Þ:h x−m
a

� �
¼ f ↑a*h

x
a

� �
ð2Þ

Where g is the expanded signal, h is the cardinal sine func-
tion and N denotes the number of samples of f. The function
f↑a is obtained by appending a-1 zeros between the samples of
f as explained in Eq. 3.

−
aN
2

≤m <
aN
2

� �
f ↑a mð Þ ¼ f

m
a

� �
when

m
a

is an integer

f ↑a mð Þ ¼ 0 otherwise

(
ð3Þ

2.2.2 The Nearest-Neighbor Interpolation

This technique represents the simplest and the fastest expan-
sion function. It involves a duplication of the original pixels so
as to obtain a new enlarged image. In fact, to each new pixel is
assigned the value of the nearest pixel. This method also

Figure 1 Image Reduction by a
factor of 2 using Square-Square
Mesh.
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applies the Eq. 1 while changing the interpolation function h
as depicted in Eq. 4 [28].

h xð Þ ¼ 1 if xj j ≤ 1

2
h xð Þ ¼ 0 otherwhise

(
ð4Þ

2.2.3 The Cubic Interpolation

In this method, each four closest pixels are used to compute
the value of the new pixel by applying a polynomial of degree
three. In order to reduce this solution spaces, various con-
straints are imposed on these polynomials such as symmetry
around zero, continuity and first continuous derivative at the
connection points [29]. Thus, we obtain a cubic interpolation
function h as described in Eq. 5, then it is used in Eq. 2 (ex-
pansion equation).

h xð Þ ¼ 3

2
x3
�� �� – 5

2
x3 þ 1 when xj j ≤ 1

h xð Þ ¼ −
1

2
x3
�� ��þ 5

2
x2−4 xj j þ 2 when

1

2
≤ xj j≤ 3

2
h xð Þ ¼ 0 otherwise

8>>><
>>>:

ð5Þ

2.2.4 Interpolation with B-Spline Function

This technique uses all the original image pixels to calculate
the values of the expanded image pixels. The continuous B-

spline function is obtained by applying n times a self-
convolution of the rectangle function defined in Eq. 4 and
called here « β0 » [30]:

βn xð Þ ¼ βn−1*β0 xð Þ ¼ β0*⋯*β0 xð Þ ð6Þ

The interpolation by the B-spline function is realized in two
steps. In the first one, we make a direct transformed B-Spline
[31]. In the second phase, we carry out an indirect transformed
B-Spline.

The B-spline coefficients “C (u)” are determined by a direct
linear filtering operation known as B-spline transformation
and are depicted in Eq. 7.

C uð Þ ¼ F uð Þ:βn uð Þ−1 ð7Þ

where the function F= TFD(f) is the frequency spectrum of
the original signal.

The simplest approach to expand f (x) by a factor a from its
B-spline representation starts with the insertion of a-1 zeros
between the B-Spline “C(x)” coefficients. Then, the result is
interpolated with the B-Spline “Bn” function n which is dilated
by the factor a as explained in Eq. 8.

g xð Þ ¼ c↑a*βn
a xð Þ ð8Þ

where βn
a kð Þ ¼ βn k

a

� 	
[28] and c↑ a is defined analogously to

Eq. 3.

Figure 2 Visual effects of image
enlargement by a factor equal
to64, a Sample of the original
image, b Expansion by Zero-
padding, c Expansion by the
nearest neighbor technique, d
Expansion by cubic interpolation,
e Expansion by B-Spline
function.

Table 1 Assessments of the expansion techniques applied on MR
images.

RE1 RE2 RE3 RE4

PSNRavrg(dB) 46,79 46,17 37,32 46,21

SSIMavrg 0,9974 0,9965 0,9833 0,9968

Table 2 Evaluations of the expansion techniques applied on CR
images.

RE1 RE2 RE3 RE4

PSNRavrg(dB) 34,08 34,17 41,77 33,1

SSIMavrg 0,9954 0,9956 0,9873 0,9919
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2.2.5 Evaluation of Image Expansion Methods

In this section, we show the effect of the described expansion
methods on one image. This sample was expanded by a factor
equal to 64 as described in Fig. 2a.

In this example, although we note a normal magnification by
the zero-padding approach far from the image borders, we notice
the presence of artifacts (undulations) in these borders (Fig. 2b.).
The observed undulations are mainly caused due to a filtering
(on–off controller), which yields to spectral discontinuities.

Using the nearest neighbor technique, these undulations were
removed but image pixelation appeared (Fig. 2c.). The detected
flaw was due to the allocation of nearest-neighbor values to
those of new added pixels. As for the expanded image by cubic
interpolation (Fig. 2d.), it presented a significant reduction in the
image pixelation and an absence of ripples. Furthermore, this
image shows some blur due to the dependence of the estimated
pixel value to the neighboring pixels values.

Comparing the B-Spline interpolation function with the
previous techniques, we note that it decreased the image blur-
ring and the pixelation effect and removed the defects of cor-
rugations (Fig. 2e.) [24]. However, we notice an increase of
the execution time [32].

For a more objective comparison, we will use PSNR [33]
and SSIM [34] to quantify the error introduced by the expan-
sion techniques applied on reduced images. This comparison
is performed on 30 MR images and 30 CR images reduced
(reduction factor equal to 2) by decimation square-square grid
(R) then enlarged magnified with 4 four technical magnifica-
tion (expansion factor equal to 2) Namely B-spline interpola-
tion function (E1), cubic interpolation (E2), nearest-neighbor
interpolation (E3) and zero-padding (E4). The result of this
quantitative comparison are shown in Tables 1 and 2 in terms
of average PSNR and average SSIM between original images
and their reduced then enlarged counterparts. The analysis of
these results shows that B-spline interpolation function en-
sures the best quality image preservation forMR images while
the nearest-neighbor interpolation seems the best enlargement
technique of the reduced CR images.

2.3 Image Watermarking

The watermarking allows the insertion of a digital data
into an image. This embedded signal can be simply a set
of information as binary or real numbers [35, 36]. The
watermarking was originally used as a tool for copyright

Figure 3 Image transmission
process using REPro.

Figure 4 REPro Protocol.
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protection [37] to be later involved in various application
fields such as medical secrecy preservation, integrity con-
trol, and digital fingerprint.

This method consists of signature insertion and extraction
(or detection).

In the insertion phase, the marking of a document can be
realized in one of the possible information presentations. It
can be carried out by substituting some of the image elements
by the signature values or by combining the elements of data
to embed with the chosen image components as described in
Eq. 9.

Iw ¼ F T Ið Þ;W b0; b1;…; bn−1ð Þ;αð Þ ð9Þ

Where Iw represents the watermarked image, I is the orig-
inal image and T(I) is one of its spatial, frequency or
multiresolution representation. bi=1:n are the elements of the
signature W having n as length, α represents the visibility
coefficient of the watermark insertion and F denotes one of
the available insertion functions in [37].

In the extraction phase, three types of watermarking
can be distinguished according to the available informa-
tion. Indeed, this method is called blind when the water-
mark detector requires only the marked image, whereas it
is considered as semi-blind [38] when the detector needs
both the marked image and the embedded signal [39].
However, we may need both the original and marked im-
ages and the inse r t ed s igna tu re . Th i s k ind of
watermarking is called non-blind [36].

Thus, we can note that watermarking performances (ro-
bustness, insertion capacity, imperceptibility, complexity and
security) are imposed by the desired purposes of
watermarking application.

3 A New Transmission Protocol “wREPro”
Combined with Lossless Image Compression

3.1 The Fundamentals of the Protocol “REPro”

Medical images have usually large sizes. Hence, their trans-
mission on the network consumes a great part of the available
bandwidth. To remedy this problem, we have proposed the
Reduction / Expansion Protocol (REPro) [24]. On the one
hand, this method aims to reduce the size of the image before
its sending. On the other hand, this transmitted image can be
enlarged to fit the screen that will display it (Fig. 3). This
feature increases the visual comfort and facilitates the diagno-
sis [40, 41].

However, the explained compression process based on
both reduction and expansion (Fig. 4) in the image spatial
domain could not be done without degrading the quality of
the reconstructed image after its reception. Therefore, it was
necessary to develop an algorithm that identified the best ex-
pansion techniques ensuring better conformity between the
original and reproduced images.

3.2 Watermarked REPro (wREPro) Combined
with JPEG-LS and TIFF Formats

During the image reduction using the square-square decima-
tion, one pixel out of four was preserved, whereas, during the
image expansion, one pixel was known and three had to be
estimated (Fig. 2).

Thus, the image could be divided into 2x2 blocks in which
one pixel was known and three were unknown. The previous
section listed four expansion techniques that can be used to

Figure 5 wREPro Protocol.

Table 3 Assessments of the reduction-expansion techniques applied on
MR images.

RE1 RE2 RE3 RE4 REW

PSNRavrg(dB) 46,79 46,17 37,32 46,21 50,6

SSIMavrg 0,9974 0,9965 0,9833 0,9968 0,9989

Table 4 Evaluations of the reduction-expansion techniques applied on
CR images.

RE1 RE2 RE3 RE4 REW

PSNRavrg(dB) 34,08 34,17 41,77 33,1 51,25

SSIMavrg 0,9954 0,9956 0,9973 0,9919 0,9992
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calculate the intensities of all the unknown pixels in the ex-
panded image. Therefore, each estimated pixel could have four
possible values depending on the used expansion function.
Subsequently, each block could have four estimations. To com-
pare each block of the original image with its expected coun-
terpart after reduction / expansion, we used the PSNR metric.

This comparison enabled us to set a selection matrix that
allows the identification of the most appropriate expansion
function for each block. Since there were 4 expansion tech-
niques, two bits were needed to encode each expansion tech-
nique. The values ‘00’, ‘01’, ‘10’ and ‘11’ were adopted to

represent the cardinal sine interpolation, nearest-neighbor inter-
polation, cubic interpolation and cardinal spline interpolation,
respectively. We inserted one of these codes into the least sig-
nificant bits of the preserved pixels before image transmission.

Upon reception, the receiver extracted the embedded infor-
mation located in each pixel. Thus, it could recognize the most
appropriate expansion technique to use in order to estimate
each expanded block.

Hence, the enlarged image was simply a combination of
four expansions of the reduced watermarked image. This fu-
sion was realized by the blind watermarking.

We attested that our approach based on image size re-
duction and watermarking ensured a minimization of the
image volume to the quarter which was equivalent to a
Number of Bits per Pixel (NBpP) equal to 2 (8bits/4) for
grayscale images and equal to 6 (24bits/4) for color im-
ages. To further decrease these obtained NBpPs, we sug-
gested to compress the watermarked reduced image by
TIFF or JLS lossless compressions. Consequently, before
its display, the image had to be decompressed then en-
larged as described in Fig. 5.

Where Iorig is the original image, IR is the reduced
image (obtained by a square-square mesh decimation),
IRE1,2,3,4 are 4 reduced then expanded images {IRE1,
IRE2, IRE3 and IRE4} which are computed by the expan-
sion of IR using respectively E1, E2, E3 and E4. IwR is the
watermarked reduced image, IwRE1,2,3,4 are 4 expanded
images {IwRE1, IwRE2, IwRE3 and IwRE4} of IwR using
respectively E1, E2, E3 and E4. IwRE is the fusion of
{IwRE1, IwRE2, IwRE3 and IwRE4} according to the ex-
tracted watermark.

3.3 The nth Level of wREPro

The application of TIFF or JLS compression on an image
provided a new fixed-size file because these two methods

Figure 6 Allocation of the adequate expansion techniqueson blocks, a
Watermarked reduced MR image, b Inserted mark on MR image, c
Watermarked reduced CR image, d Inserted mark on CR image.

Table 5 NBpP of a watermarked reduced image using the nth level of
wREPro and lossless image compression.

MR image file formats CR image file formats

BMP TIFF JLS BMP TIFF JLS

wREPro level 1 2.03 1.03 0.62 2.03 1.61 0.63

wREPro level 2 0.53 0.29 0.18 0.53 0.48 0.2

wREPro level 3 0.15 0.074 0.046 0.15 0.12 0.06

Table 6 Quality assessment of MR images treated by wREPro at level
n in terms of PSNRaverage(dB).

EW(E1)
n-1 EW(E2)

n-1 EW(E3)
n-1 EW(E4)

n-1 EW
n

wREPro
level n

n = 1 50,60 50,60 50,60 50,60 50,60

n = 2 39,84 39,61 35,64 38,80 38,94

n = 3 32,28 32,25 29,39 32,02 31,41

Table 7 Quality assessment of MR images treated by wREPro at level
n using SSIMaverage.

EW(E1)
n-1 EW(E2)

n-1 EW(E3)
n-1 EW(E4)

n-1 EW
n

wREPro
level n

n = 1 0.9989 0.9989 0.9989 0.9989 0.9989

n = 2 0.9823 0.9810 0.9775 0.9789 0.9784

n = 3 0.9118 0.9115 0.8848 0.9094 0.9007
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are lossless. This prevented us to reduce more the size of the
image to transmit or to archive. On the other hand, wREPro
could act on the pixels’ number of the reduced image and then
allowed us to control the size of the image file. The idea was to
apply a recursive reduction of the original image. Thus a re-
duction at level 1 reduced the number of pixels by a factor of
21. To further minimize the image by a factor equal to 22, the
reduction occurred at level 2. After repeating these iterations,
we obtained a reduction of the original image by a factor of 2n

at level n. When we applied wREPro at level n, the
watermarking was done on the image obtained at level n (orig-
inal image reduced by a factor of 2n) according to the image of
level (n-1) (original image reduced by a factor of 2(n-1)). We
note that level 0 provided us with an image having the same
dimensions as the original image.

4 Results and Discussion

In the experimental study, the reduction of the image was
carried out using a square-square Mesh method. As for the
expansion phase, it involved four techniques, namely B-
spline interpolation function, cubic Interpolation, nearest-
neighbor interpolation and zero-padding, that we named E1,
E2, E3 and E4, respectively.

We combined the image reduction R with each one of the
expansion techniques to get 4 versions of REPro named RE1,
RE2, RE3 and RE4. Profiting from the image watermarking
and REPro, we got wREPro (REw).

To highlight the effect of watermarking on our proposed
compression approaches, we compared the performances of
the 4 versions of REPro (RE1, RE2, RE3 and RE4) with those
of REw.

We carried out our experiments on two medical image da-
tabases. The first database was composed of 30 Magnetic

Resonance images (MR) and the second one was formed of
30 Computed Radiography images (CR).

Tables 3 and 4 illustrated the PSNR and SSIM averages
assessing the fidelity degrees between each original image
(MR or CR) and its reduced then enlarged counterpart using
the five studied techniques.

As a matter of fact, the evaluation by PSNR and SSIM av-
erages might not reflect the actual performances of the different
techniques. The reduction-expansion technique was denoted as
“Selected” if it provided the best similitude between both the
original and reduced-expanded images while comparing its per-
formance to the other analyzed techniques. The acquired results
in this stage showed that wREPro guaranteed better preserva-
tion of the original image quality for all tested medical images
according to the PSNR and SSIM metrics. Actually, even if a
technique was efficient to expand the whole image, it was not
necessarily the case for its components or blocks. Therefore, we
noted that wREPro took advantage of E1, E2, E3 and E4 by
selecting the best expansion method for each block.

On another hand, Fig. 6a and c showed respectively
watermarked reduced MR and CR samples. Each pixel of
these images included the label of the selected expansion
method to be used. The set of labels formed the signature.
As regards Fig. 6b, d, they illustrated the signature embedded
in the reduced test images. The Black, Red, Green and Blue
colors referred to the RE1, RE2, RE3 and RE4 techniques
representing the insertion of ‘00’, ‘01’, ‘10’ and ‘11’ bits re-
spectively. According to these watermarks, it was obvious that
different expansion techniques were adopted to generate the
final expanded image.

The aim of our wREPro approach was to reduce the image
volume to transmit or to archive. Therefore, the NBpP had a
great impact on the performance of the compression methods.
We note that an imagewas represented by the quarter of its pixels
number when wREPro was at level 1. Subsequently, the NBpP
of a grayscale image was equal to 2. Considering the fact that the
adoption of the BMP file format needed to insert a header in the
archived or transmitted image file, the NBpP became equal to
2.03. To further reduce the watermarked reduced image, we
applied the TIFF and JLS lossless image compression.

Moreover, we used the nth level of the wREPro which
further decreased the number of pixels of the processed image
and yields to a lower NBpP. In this context, we focused on
wREPro at levels 1, 2 and 3 which respectively reduced the
image size to the quarter, the 16th and the 64th levels. The
watermarked reduced image would then be archived or trans-
mitted using the BMP, TIFF or JLS image file format.

According to Table 5 which summarized the obtained
NBpP of these combinations, we note that the adoption of
JLS lossless image compression ensured the best image vol-
ume reduction followed by TIFF and BMP image file formats.

However, a good image compression method should ensure
in addition to a high compression rate (low NBpP) a maximum

Table 8 Quality assessment of CR images treated bywREPro at level n
using PSNRaverage(dB).

EW(E1)
n-1 EW(E2)

n-1 EW(E3)
n-1 EW(E4)

n-1 EW
n

wREPro level
n

n = 1 51,25 51,25 51,25 51,25 51,25

n = 2 34,74 34,86 39,52 34,2 42,95

n = 3 29,08 29,24 30,51 28,69 34,47

Table 9 Quality assessment of CR images treated bywREPro at level n
using SSIMaverage.

EW(E1)
n-1 EW(E2)

n-1 EW(E3)
n-1 EW(E4)

n-1 EW
n

wREPro
level n

n = 1 0.9992 0.9992 0.9992 0.9992 0.9992

n = 2 0.9848 0.9850 0.9864 0.9837 0.9884

n = 3 0.9529 0.9548 0.9557 0.9240 0.9673
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of image quality preservation. Thus, we used PSNR and SSIM
metrics to compare the original image with the watermarked
reduced compressed then decompressed enlarged image. As
previously defined and according to Tables 3 and 4, the appli-
cation of wREPro ensured a maximum of image preservation
when it was performed for a single level transition. In other
words, wREPRo at level n guaranteed the best reconstruction
of one image already reduced by REPro at level n-1.

Consequently, we could not ensure that watermarking the
reduced image by wREPro at level n gave us a maximum
fidelity between the enlarged image at level 0 (which had the
same size of the original image) and the original image. Hence,
we suggested to enlarge the watermarked reduced image at
level n by Ew to obtain the best reduced image at level (n-1).
Then, we tried to determine from {E1, E2, E3, E4, Ew} the best
method of image expansion for (level (n-1) to level 1). The
obtained results related to the evaluation studies performed on
CR and MR image were illustrated in Tables 6, 7, 8 and 9.

Analyzing these results, we admit that the watermarking
guaranteed a better expansion for reduced CR images.
However, it is advisable to consider the watermark only in the
first transition (nth level to n-1th level) and adopt the B-spline
function interpolation in the other following transitions in order
to ensure better quality preservation for the reducedMR images.

In terms of the results, we could rule out the use of BMP
method for archiving and transmission due to the large volume
it causes. Thus, we kept the JLS and the TIFF formats to
encode the reduced image. Using such lossless compression
methods enabled us to preserve the inserted mark. This em-
bedded information into the reduced image at level n was
exploited to reproduce one CR image which was similar to
the original one.

However, this marking was exploited to enlarge the MR
image from level n to only level n-1 while the following image
expansions were provided by the B-spline interpolation to
ensure a better MR image reproduction.

Figure 8 Evaluation of the performances of wREPro.TIFF, wREPro.JLS and JPEG in terms of SSIM. aNBpPaverage versus SSIMaverage for CR images.
b NBpPaverage versus SSIMaverage for MR images.

Figure 7 Evaluation of the performances of wREPro.TIFF, wREPro.JLS and JPEG in terms of PSNR. aNBpPaverage versus PSNRaverage for CR images.
b NBpPaverage versus PSNRaverage for MR images.
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Nevertheless, it was necessary to compare the perfor-
mances of our wREPro compression approach with those of
the JPEG compression in terms of compression ratio and im-
age quality preservation.

Figure 7a and b illustrate the obtained results of this com-
parison in terms of PSNRaverage versus NBpPaverage and in
terms of SSIMaverage versus NBpPaverage (Fig. 8a and b.) for
CR and MR images. The blue, green and red curves represent
the performances of JPEG compression, wREPro.JLS and
wREPro.TIFF respectively.

According to these results, we note that wREPro.JLS en-
sured better compression rate and image quality compared to
wREPro.TIFF. While comparing the performances of
wREPRo.JLS with those of JPEG applied on MR images,
we note that wREPro.JLS preserved better image quality
when NBpP is lower than 0.62. Beyond this last NBpP value,
the application of JPEG compression leaded to better results.
As for CR images, wREPro.JLS was more efficient than the
JPEG compression for low NBpPs. In this case, the NBpP
threshold increased from 0.62 to 0.63.

The good performances of wREPro.JLS at high compres-
sion ratios were confirmed visually for CR and MR images as
illustrated in Figs. 9 and 10. Indeed, compressed CR images
(Fig. 9) having one NBpP equal to 0.18 showed better preser-
vation of image quality when processed by wREPro.JLS
(PSNR = 35.84 dB and SSIM = 0.986) than by JPEG
(PSNR= 32.33 dB and SSIM = 0.916).

Similarly, when the NBpP was equal to 0.1, we proved that
our proposed compression method applied on MR images
(Fig. 10) caused a distortion lower than the one yielded by
the JPEG compression use. Indeed, in this case, our approach
provided PSNR = 41.28 dB and SSIM = 0.995, whereas the
JPEG method showed PSNR= 30.02 dB and SSIM= 0.751.

5 Conclusion

The main interest of this paper is to ensure a high compression
rate for both MR and CR image while guaranteeing a good
preservation of the image quality. This leads to reduce the

Figure 10 Visual impact of the application of wREPro.JLS at level 4 and
JPEG compression on MR Images. a Original MR image (NBpP = 8), b
MR image compressed by wREPro.JLS (PSNR = 41.28 dB,

SSIM = 0.995 and NBpP = 0.1), c MR image compressed by JPEG
(PSNR= 30.02 dB, SSIM = 0.751 and NBpP = 0.1).

Figure 9 Visual impact of the application of wREPro.JLS at level 4 and
JPEG compression on CR Images. a Original CR image (NBpP = 8), b
CR image compressed by wREPro.JLS (PSNR = 35.84 dB,

SSIM = 0.986 and NBpB =0.18), c CR image compressed by JPEG
(PSNR= 32.33 dB, SSIM = 0.916 and NBpB =0.18).
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archiving volume of medical images and to facilitate their
transmission in a telemedicine application. Unlike the JPEG
compression standard which is based on encoding algorithms,
our proposed approach combines reduction of the image size
and encoding algorithms used for lossless image compression.

To do so, we used the square-square decimation in the com-
pression step and four expansion techniques that are “zero-pad-
ding”, “nearest neighbor interpolation”, “cubic interpolation” and
“transformed B-Spline” in the decompression step.

To exploit the advantages of each image magnification
method, we subdivided the image into 2x2 pixel blocks.
Then, we inserted in each pixel the code of its adequate ex-
pansion technique. Moreover, we used TIFF and JLS com-
pressions to improve the image compression rate while pre-
serving the watermark. Indeed, the proposed approaches
namely wREPro.TIFF (watermarked Reduction / Expansion
Protocol combined with TIFF compression) and wREPro.JLS
(watermarked Reduction / Expansion Protocol combined with
JLS compression) consist in reducing the image,
watermarking it, then compressing the resulted image.
Compared to the JPEG compression, we notice that
wREPro.JLS have ensured a better preservation of the image
quality at low NBpPs. Despite their small volumes, the com-
pressed images using wREPro.JLS allowed a right diagnosis
due to their high similarity to original images.

We are currently developing a software component that
will be integrated into a test version of a diagnostic platform
COVOTEM commercialized by Interactive Covalia. In this
new phase, we will test various limitations of bandwidth
shared by a number of doctors using videoconferencing.
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