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Call for Participation: MMTC Meeting at ICME 2011 (Barcelona)
 
 
Dear MMTC members,  
 
Our next TC meeting has been scheduled on July 12 (Tuesday) at ICME 
2011 (Barcelona). If you are attending ICME or in the area by then, please 
plan to attend our face-to-face meeting. We will report to you the recent 
development of this TC in the past 6 month, and exchange ideas with you on 
our plans for the next. Please feel free to bring your friends to our meeting. 
Snacks, fruits and beverages will be served in the meeting.  
 
IEEE Communications Society MMTC Meeting 
Date/Time: July 12, 2011 (Tuesday) 14:00 - 15:30 
Location: LaSalle conference venue  
 
Agenda:     
Welcome     
MMTC sponsored conference reports     
Interest Groups reports     
Board reports     
TMM/ICME special report     
Award recognition     
General discussion     
Adjourn  
 
Thanks. Looking forward to see all of you there!  
 
Haohong Wang 
Chair   
IEEE MMTC
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SPECIAL ISSUE ON IMAGE COMPRESSION TECHNOLOGIES 
FOR MEDICAL APPLICATIONS 

Joan Serra-Sagristà1 and Ali Bilgin2 
1Universitat Autonoma Barcelona, Spain, 2University of Arizona, USA 

1joan.serra@uab.cat, 2bilgin@email.arizona.edu

The use of imaging in healthcare grows at an 
astonishing rate. It is estimated that 5 billion 
medical imaging studies have been conducted 
worldwide up until 2010 [1] and this number 
continues to increase rapidly as contemporary 
medicine relies more heavily on imaging-based 
investigations and procedures. With such 
increased use and the ever increasing resolution 
of medical imaging technologies, the amount of 
data generated in medical imaging applications 
can be overwhelming. Efficient storage and 
transmission of these large data sets necessitates 
the use of efficient compression techniques. This 
special issue presents five different articles on 
compression technologies for medical imaging 
applications.  
 
The first article titled “Standardized technologies 
for volumetric image coding” provides an 
overview of the standardization efforts in 
volumetric image compression and highlights 
some of the ongoing research in this area.  
 
The article titled “Scalable Wavelet Compression 
of Higher Dimension Medical Images” presents 
an efficient compression technique that can be 
used to compress three- and four-dimensional 
volume and functional images that are 
increasingly used in medical imaging 
applications. The article also highlights the 
desirable scalability features of the proposed 
technique which can be as important as 
compression efficiency in some applications.   
 
The greater use of mobile devices in medical 
imaging necessitates transmission of images over 
wireless channels. The article titled 
“Compression of 3D Medical Images for 
Wireless Transmission” introduces a 
compression system for transmission of 3D 
medical images over error-prone wireless 
networks. 
 
While most image compression standards are 
designed to be used in a variety of applications, 
their performance in specific applications can 
sometimes be improved by using preprocessing 
techniques that utilize application-specific 

information.  One such method is presented in 
the article titled “Improved Compressibility in 
JPEG2000 2D and 3D Reversible Compressions 
of Thin-section Chest CT Images by Increasing 
the Data Redundancy outside the Body Region”. 
The proposed preprocessing method increases 
the compressibility of thin-section chest CT 
images while the compressed data maintains full 
standards compliance. 
 
Last, but not least, the article titled “What is 
Different About Medical Image Compression?” 
discusses attributes unique to medical image 
compression. Written by a radiologist who has 
been instrumental in the development of the 
DICOM (Digital Imaging and Communications 
in Medicine) standard, the article is a valuable 
resource for readers interested in developing 
compression techniques for medical applications. 
 
 

References 
[1] C. A. Roobottom, G. Mitchell, and G. Morgan-
Hughes, “Radiation-reduction strategies in cardiac 
computed tomographic angiography,” Clinical 
Radiology, Vol. 65, No. 11, pp. 859-867, November 
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Standardized Technologies for Volumetric Image Coding 
Tim Bruylants1,2, Joeri Barbarien1,2, Adrian Munteanu1,2, Jan Cornelis1 and Peter 

Schelkens1,2 
1Vrije Universiteit Brussel, Belgium, 2 Interdisciplinary Institute for Broadband 

Technology (IBBT), Belgium 
1,2tim.bruylants@vub.ac.be

1. Volumetric image data 
Digital medical imaging devices, such as 
ultrasound, computed tomography (CT) or 
magnetic resonance imaging (MRI) scanners 
generate large amounts of volumetric data sets. 
Tomography used in other sciences such as 
archeology, biology, oceanography, geophysics, 
and material science, is another important source 
of volumetric imagery. Various advancements in 
digital scanner technology have led to a significant 
increase of the resolution and sample bit-depth of 
the individual data sets, causing them to grow 
accordingly in size. Along with the digitization of 
these acquisition devices, the industry focus is also 
shifting towards applications, transport networks 
and storage systems. This gives rise to new 
requirements such as efficient storage, 
transmission, random accessibility, region-of-
interest support, long-term archival and 
interoperability between applications in a multi-
vendor environment. 
 
2. DICOM and JPEG 2000  
The Digital Imaging and Communications in 
Medicine (DICOM) Standards Committee is 
without doubt the most important organization 
concerned with the standardization of 
communication for medical imaging. Before 
DICOM existed, medical devices used proprietary 
formats to store, transmit and compress medical 
images. DICOM changed this, by providing a set 
of standards that allow for interoperability and 
compatibility in a multi-vendor eco-system. The 
first DICOM standard was published in 1985, but 
has since then been updated regularly. Currently, 
the standard is at version 3.0 and incorporates 
many changes and improvements since it was 
created. For the compression of all types of 
medical images, DICOM 3.0 adopted existing 
image compression standards from the JPEG 
working group. Because of the promising results 
and popularity of wavelet-based compression 
technologies [3,6], DICOM decided in the late 
nineties to adopt JPEG 2000 Part 1 as soon as it 
was finished, in 2001 [1]. In this way the standard 
is able to offer efficient compression, storage and 
transmission of two-dimensional medical images. 

The wavelet-based compression scheme of 
JPEG 2000 offers many advantages over the more 
classic compression schemes that were already 
available in DICOM (e.g. JPEG and RLE), 
including improved compression efficiency and 
extended functionality. Most notably is the native 
resolution scalability that enables lower resolution 
and thumbnail generation at no extra cost. 
Additionally, JPEG 2000 with its embedded block 
coder by optimized truncation (EBCOT) paradigm 
also delivers excellent quality and bit-rate 
scalability [3,4,6]. 
 
3. Multiple Component Transformations 
As technology advanced, medical images with 
multiple components per slice have become 
commonplace, raising new compression efficiency 
concerns. Initially, DICOM only supported 
JPEG 2000 Part 1, which only includes a color 
component transformation. However, in order to 
improve the compression performance for specific 
types of medical images that consist of multiple 
spectral components per image slice, DICOM 
adopted in 2005 the Multiple Component 
Transformations (MCT) extension of JPEG 2000 
Part 2.This extension allows performing arbitrary 
lossy or lossless transformations on all 
components of an image. With the rising 
popularity of volumetric imaging devices, some 
vendors developed a creative approach to (ab)use 
this extension for the improved compression of 
volumetric images. By converting slices of a 
volumetric data set into virtual components, it is 
also possible to use JPEG 2000 with the MCT Part 
2 extension, which allows for performing a 
wavelet transformation along the slice axis (i.e. the 
Z dimension). This significantly enhances 
compression efficiency. However, this approach 
also incorporates some serious drawbacks. First of 
all, it makes the distinction between components 
and slices for color or multi-spectral volumetric 
data sets ambiguous. Even the difference between 
a multi-component two-dimensional image and a 
volumetric image becomes unclear. Secondly, this 
approach is unable to treat all dimensions in an 
isotropic fashion, i.e. every dimension does not 
have equal configuration functionality. This is an 
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important drawback as it will negatively affect the 
rate-distortion performance and functionality of 
the codec. The fact that the code-blocks used in the 
entropy coder of JPEG 2000 remain two-
dimensional and the fact that the wavelet 
decomposition structure is more limited with this 
approach, prevent reaching optimal compression 
efficiency. Moreover, JPEG 2000 defines a 
maximum of 16384 components per image, which 
is rather limited when compared to the maximum 
width and height of 4 billion pixels. This latter 
limitation is currently not yet an issue, but with the 
rapid improvements of scanner technology, it will 
be in the nearby future. 
 
4. JP3D 
In order to address the lack of proper support for 
the compression of volumetric images, the JPEG 
committee created Part 10 of the JPEG 2000 
standard [2], also referred to as JP3D.Finished in 
2008, it defines the volumetric extension for 
JPEG 2000 that provides isotropic support for 
handling volumetric images with multiple 
components and no time-component. It is 
specifically designed to be compatible with the 
other existing parts of the standard (e.g. JPIP and 
JPSEC) and as such offers the exact same 
functionality as its two-dimensional counterpart. 
But, because JP3D properly extends the wavelet 
transformation and the entropy coding to three 
dimensions, it is able to deliver better compression 
results than what was previously possible by using 
only Part 1 or the Part 2 MCT. JP3D also solves 
the ambiguity between components and slices and 
handles volumetric data sets in an isotropic fashion, 
that is, regardless of the orientation of the data. 
Swapping any of the three dimension axis makes 
no difference in compression efficiency or coding 
limitations. This is a huge advantage over other 
technologies, because it makes JP3D future proof 
as it is much better suited to handle high-resolution 
volumetric data sets. Furthermore, those specific 
functionalities that depend on the actual number of 
dimensions in a data set, like region-of-interest or 
random access, are properly supported through 
JP3D.In combination with JPEG 2000 Part 3 
(Motion-JPEG 2000), it is even possible to 
represent 3D+t data sets. 
 
5. Performance comparisons 
As stated before, JP3D improves the compression 
efficiency for volumetric images. In order to 
illustrate these performance differences between 
the different presented compression technologies, 
this section shows results for three different types 
of representative medical volumetric images. For 

the following results, CT represents a typical 
medical CT-scan with a bit-depth of 12 bits per 
sample. MRI is an MRI-scan with a sample bit-
depth of 12 bits. And finally, US represents a 
typical UltraSound scan with 8-bit samples. The 
results were generated by using the official 
reference implementation of JP3D [5]. Table 1 
shows the bit-rates for lossless compression, using 
the 5x3 wavelet transform, of the respective image 
data sets, using JP3D, the Part 2 MCT approach 
and the classical JPEG 2000  2D based 
compression. Note that even the JPEG 2000 Part 1 
2D methodology is still considered state-of-the-art 
image compression technology. 
 

Lossless (bpp) 
Data set JP3D MCT 2D 

CT 3.84 3.87 4.08 
MRI 4.08 4.13 4.72 
US 4.84 4.83 5.05 
 
The results clearly show that applying a wavelet 
transform in the third dimension (JP3D and MCT) 
significantly enhances the compression efficiency. 
JP3D is slightly better, due to the application of 
3D entropy coding (3D EBCOT). These 
improvements are most pronounced for datasets 
with a high axial correlation (which is less the case 
for the CT and US datasets in contradiction to the 
MRI dataset). For near-lossless to lossy 
compression, our results show improvements of 
JP3D over 2D based compression of up to 15% at 
high bit-rates. At lower bit-rates, the compression 
efficiency improves with up to 50% for JP3D 
compared to JPEG 2000 Part 1. Also note that 
JP3D performs slightly worse for the UltraSound 
data set, but that this difference is negligible when 
taking into account the added isotropy property 
and enhanced volumetric functionalities. Worth 
noticing is the fact that as the redundancies or 
correlations in a volumetric data set increase – 
especially along the slice axis – JP3D is in a more 
favorable position than alternative technologies 
that are available today. See [3,4] for more in-
depth information on the coding. 
 
6. Ongoing research 
A new development in medical imaging involves 
the compression of 3D+t data sets (e.g. a beating 
heart using CT). Currently, Motion-JPEG 2000 
already allows handling this type of data sets, but 
not in an optimal fashion. However, with the 
creation of JP3D extra care was taken to prepare 
the standard for the compression of data sets with 
more than three dimensions, without breaking 
compatibility with existing compressed data 
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streams. As such, JP3D is future proof because it 
potentially allows for support of up to 255 
dimensions. The efficient compression of higher-
dimensional data sets will require more in-depth 
research. 
 
Recent research [7,8] shows that the classical 
wavelet transformation can still be surpassed in 
overall compression efficiency by adoption of 
directional adaptive wavelet transformations. 
Classical wavelets are excellent in describing pure 
horizontal, vertical and 45° diagonal edges, but are 
less efficient when handling discontinuities like 
smooth changing curves or straight lines at other 
angles. Therefore, in order to treat these more 
complex discontinuities, a new class of scalable 
geometric transforms is proposed as an alternative 
to the classical wavelet transforms. The directional 
adaptive wavelet transforms have the ability to 
better adapt to local geometric structures in the 
image, without any significant disadvantages over 
the classical wavelet transforms. These transforms 
allow for increased compression efficiency when 
compressing volumetric images, though one 
should account for the signaling overhead of the 
directional information. 
 
With the leading chip-vendors now focusing more 
and more on multiple-core designs for micro-
processors, research is also looking to 
parallelizability of existing and new compression 
methodologies. JPEG 2000 has, in that respect, a 
very fitting design because both the wavelet 
transform and the entropy coder stages allow for 
easy parallelization. This is a non-negligible 
advantage of JPEG 2000 over some other 
competing compression schemes. 
Finally, above approaches are still generic in 
nature. Introducing the exploitation of modality, 
anatomy and pathology specific knowledge can 
further boost the coding performance as illustrated 
by Sanchez et al. [9]. 
 
7. Conclusions 
JP3D offers a significant improvement for the 
compression of volumetric imagery. The three-
dimensional wavelet decompositions brings 
superior compression performances for a wide set 
of medical imaging in the full range of bit-rates. 
Both lossless and lossy modes benefit from the 
three-dimensional wavelet transform and entropy 
coder. Further research shows promising results 
for even better compression efficiencies by 
adopting the new directional adaptive wavelet 
transformations. 
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Scalable Wavelet Compression of Higher Dimension Medical Images 
William A. Pearlman 

Rensselaer Polytechnic Institute, USA 
pearlw@ecse.rpi.edu

1. Scalable Image Compression  
The number, size, and resolution of medical 
images acquired for diagnostic purposes have 
increased tremendously in the last decade. 
Contributing to this increase in size is the advent 
of acquisitions of three- and four-dimensional 
volume and functional (volume versus time) CT 
(fCT) and MRI (fMRI) images.  Furthermore, 
their delivery is often by wireless transmission 
over large distances for the purpose of rapid 
diagnosis at a remote location.   Compression is 
required in order to satisfy the simultaneous 
demands for storage efficiency and rapid 
turnaround.  Besides efficiency, the compression 
algorithm may need to deliver features of 
lossless capability for archiving, progressive 
lossy-to-lossless decoding capability for 
progressively increasing display quality, and 
decoding capabilities that allow progressively 
increasing resolution and random access to 
regions of interest.     
 
Our efforts to satisfy these requirements for a 
single multi-dimensional image have focused on 
embedding all these features in a single 
compressed file.  From this one file, the full 
image or a selected region can be decoded 
directly to reconstructions with the desired 
resolution and quality without any post 
processing.      The image or image region can be 
progressively increased in resolution and/or 
quality by reading and decoding more bits from 
the compressed file.  
 
2. Wavelet Transform Decomposition  
A multi-resolution decomposition of the source 
image is needed to satisfy the requirement of 
progressive resolution decoding.  The wavelet 
transform decomposes the source into subbands 
of various resolutions.  After encoding these 
subbands, one can progressively build the 
reconstruction by inverting and synthesizing 
subbands starting from low to high frequency.  
The idea is best illustrated with a two-
dimensional image that is wavelet transformed 
using three stages of decomposing the low pass 
subband by half-band wavelet filtering 
alternately in each dimension. Figure 1 shows 
the resulting subbands and describes the 

progressive buildup of the reconstruction in 
resolution.    

   
Figure 1. Wavelet subbands from three stages of 
half-band filtering in each dimension. 
 
The three-dimensional wavelet decomposition in 
common use today is shown in Fig. 2.  Each xy-
slice is transformed as above followed or 
preceded by two stages of half-band filtering in 
the z-direction for every (x,y) coordinate. 
 

 
 
Figure 2. Subbands of a three-dimensional 
wavelet transform. 
 
In order to preserve progressive resolution, the 
codes of the individual subbands must be kept 
separate in the compressed bitstream (hereinafter 
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called codestream) with lower frequency 
subbands coded before higher frequency ones.  
 
3. Progressive Quality Coding   
One way to achieve progressive quality coding is 
to organize the transform coefficients, so that the 
coefficients with higher magnitudes always 
precede those with lower magnitude and encode 
them in the same order.   One can obtain a finer 
scale of quality progressiveness by sending all 
the higher order bits of these magnitude-ordered 
coefficients before the lower order bits.   One 
calls this method progressive bitplane coding.  It 
is emdedded coding, since each succeeding bit 
reduces the distortion less than its predecessor.    
This ideal is never perfectly realized, because the 
information needed to convey a perfect 
magnitude order is excessive and vitiates the 
compression objective of reducing the number of 
bits for encoding the image.  A partial ordering 
by highest magnitude bits (containing largest 
power of 2 values) can be realized and is the 
objective of the set partitioning techniques of the 
SPIHT [1], SPECK [2], and SBHP [3]algorithms.  
 
Progressive quality cannot occur simultaneously 
with progressive resolution, since the subband 
codestreams cannot be interleaved and still 
maintain progressiveness in resolution.  For 
SPECK, SPBHP, and JPEG2000 [4] (to be 
discussed), the subband codestreams are 
naturally kept separate, but for SPIHT, it is more 
complicated, but still realizable (see [5]).   
 
The JPEG2000 method [4] encodes blocks 
within the subbands using bitplane coding.  
These blocks are typically 64x64 or 32 x 32.  
This coding algorithm traverses bit-planes of 
coefficients in a subblock from the highest to 
lowest bitplane.  However, it encodes the bits by 
context-based, adaptive, arithmetic coding, the 
purpose of which is to deliver more bits to the 
first 1’s encountered for coefficients and fewer to 
runs of 0’s in a bit-plane.    The codestream of 
any subblock in a subband turns out to be 
progressive, but clearly the aggregate of the 
subblock codestreams in a subband are not 
progressive.  These codestreams may then be re-
organized to produce a progressive aggregate 
codestream for the subband.    
 
3.   Three-Dimensional Coding Algorithms 
The JPEG2000 method operates on the three-
dimensional subband structure of Figure 2 by 
encoding in turn each two-dimensional transform 
slice as described above.   This particular 

implementation is called JPEG2000 Multi-
Component  (JPEG200-MC).   For lossless 
coding, the coding proceeds through the bottom 
bit-plane.  For lossy coding, a rate control 
algorithm is run to set cutting points for each 
subblock’s codestream according to the target 
bitrate.  When decoding to a desired rate, 
transmission of each subblock’s codestream is 
terminated at the corresponding cutting point.   
 
For both JPEG2000 and SBHP, we can gather 
together the codestreams of subblocks associated 
with a specific region of the image, decode and 
display them. This gives us the capability of 
random access in the codestream to any desired 
image region.  For further details on three-
dimensional SBHP, see [6]. 
 
Given this random access capability of SBHP, 
we also extended it to four dimensions for 
encoding fMRI and fCT images. (See [7] for 
further details.)  We used subblocks of 
dimensions 64x64x4x4.   
 
The details of these set partitioning methods are 
beyond the scope of this article.  The aim of 
these methods is to locate individual pixels 
whose magnitudes equal or exceed a threshold 
that is a power of 2 (called a significant pixel) 
and sets of pixels whose magnitudes fall below 
the threshold (insignificant sets).  When a cubic 
set is significant, each dimension is split into 2, 
to form 8 subcubes.  When a tree set has one or 
more significant pixels, it is split into the 
immediate offspring of its root (8 for three 
dimensions) and the set of all descendants of 
offspring. A significant pixel for threshold 2n 

requires no more than n raw bits to encode, while 
the insignificant sets are signified with a single 0 
bit.  The results of these significance tests (called 
the significance map) are signified with 1 or 0, 
for significant or insignificant, respectively.   
This threshold is successively lowered by a 
factor of 2 to test insignificant pixels or sets 
found at the previous threshold.   In this way, we 
can economically locate insignificant sets and 
code significant pixels with a minimum of raw 
bits. 
 
4. Coding Results for Medical Images 
Several coding systems were compared in 
performance on three- and four-dimensional 
medical images stored with 8 bits per pixel.  To 
ensure perfectly lossless reconstruction, the 
wavelet filters reversibly mapped integers at the 
input to integers at the output without truncation 



 
IEEE COMSOC MMTC E-Letter 

http://www.comsoc.org/~mmc/                       14/61                    Vol.6, No.7, July 2011 

of precision.   The three-dimensional wavelet 
transforms included a full transform of all the 
slices in the z-direction, except for SBHP coding, 
where groups of 16 slices were transformed.  All 
the set partitioning methods produced 
progressive resolution codestreams. SPIHT and 
SBHP were enabled also for random access 
decoding.   SPIHT has the lowest granularity of 
2x2x2 for random access.  The granularity for 
the other methods is the code-block size, 
64x64x4 for SBHP, and 64x64x1 for JPEG000-
MC. SPECK is not included in these 
performance comparisons, because it was not 
enabled for random access decoding.  
JPEG2000-MC naturally produces a progressive 
resolution codestream, but was not enabled for 
random access decoding, but is included for 
performance comparisons, as seems mandatory 
nowadays.   JPEG2000 coding of two-
dimensional wavelet transforms of every xy-slice 
is included to show the performance gains of 
three-dimensional transform and coding. 
 
We first show some rate results for lossless 
coding in Table 1.  The numbers in the table are 
the rates in bits per pixel (b/p).  They all show 
considerable reduction from the uncompressed 
rate of 8 b/p.  SPIHT shows the lowest bit rates 
in three of the four images, with SBHP not much 
larger.  JPEG2000-MC does considerably better 
on the MR images than on the CT ones and, in 
fact, is the winner for MR_sag_head.    
 

Table 1.  Lossless Coding Rates (b/p) for 3-D 
Medical Images 

Image 
Name 

SPIHT SBHP JP2K-
MC 

JP2K 

CT_Skull 2.16 2.27 2.93 3.00 
CT_Wrist 1.27 1.40 1.78 1.76 
MR_sag_head 2.35 2.32 2.30 2.91 
MR_ped_chest 1.92 2.09 2.00 3.11 
 
The competitiveness of SBHP is noteworthy, 
because it has the least computational and 
memory complexity among these methods.  The 
SPIHT rates in this table were obtained using 
arithmetic coding of the significance map only.  
The SBHP rates were achieved with fixed 
Huffman codes of 15 symbols for three simple 
contexts.  
 
In decoding the lossless codestream written by 
these methods, one can obtain reconstructions at 
almost any desired rate.    In Table 2, we show 
the PSNR values (PSNR = 10 log10 (2552/(Mean 
Squared Error))) resulting when decoding two 

images at a few different rates. 
 
The PSNR results of JPEG2000-MC are roughly 
1.5 dB higher than SPIHT on average. However  
SPIHT is more flexible and less complex than 
JPEG2000-MC, especially in this version that 
uses no arithmetic coding.  SBHP is the simplest 
of the three, and consequently has the worst 
performance, which is still very respectable.   
 
Table 2. PSNR’s of reconstructed images 
decoded from lossless codestreams. 
 Rate 

(b/p) 
1.0 0.5 0.1 

CT_Skull 
(256x256x192) 

SPIHT 
SBHP 
JP2K-
MC 

50.71 
47.17 
52.23 

45.00 
42.92 
46.31 
 

35.47 
33.36* 
36.10 

MR_sag_ 
head 
(256x256x56) 
 

SPIHT 
SBHP┼ 

JP2K-
MC 

51.76 
48.29 
52.93 

46.45 
45.77 
47.38 

38.30 
39.08* 
38.89 

*Rate = 0.125 b/p         ┼Uses 48 slices 
 
 
We performed decoding of the CT_Skull volume 
image compressed at 1.0 b/p at ¼, ½, and full xy-
plane resolutions.  The first slices of the 
reconstructions are displayed in Fig. 3.   
 
 
 
 
 
 
 
 
 
 
 
Figure 3. First slice view of CT_skull volume 
decoded progressively in resolution from 1.0 b/p file.  
From left to right: 1/4, 1/2 and full resolution.  
 
In Fig. 4, we present a volume rendered display of the 
entire sequence decoded at these three resolutions 
from a lossless codestream of CT_Skull.  The number 
of bytes read and decoded is shown below each image.   
Decoding the ¼ resolution image is 27 times faster 
and decoding the ½ resolution image is 4.9 times 
faster than decoding the full resolution image.  
 
Whether decoded from a 1.0 b/p or lossless file, 
the features and character of the image are 
clearly recognizable even from the lowest 
resolution image. 
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Figure 4. Volume display of CT_Skull image at 
¼, ½, and full resolutions.  Under each image is 
the number of compressed file bytes that 
produced it. 
 
We also selected regions of interest to decode 
directly from the CT_Skull volume.  They are 
shown in Fig. 5. 
 

 

 
Figure 5. Regions of interest decoded directly 
from lossless CT_Skull codestream.  Top is 2-D 
view of selection.   Bottom is 3-D view of 
interior region from coordinates (134,117,17) to 
(198,181,112). 
 
Finally, we extended the SBHP method to four 
dimensions, the fourth dimension being time t, 
while maintaining all its features.   For lossless 
compression of seven four-dimensional medical 

images, 4D-SBHP showed an average of 9.7% 
reduction in bit rate (file size) from encoding 
each xyz cube (or time snapshot) separately and a 
smaller reduction of 2.0% from encoding each 
xyt cube (time sequence of xy slices) separately.   
 
Reconstructions from progressive rate decoding 
from the lossless codestream are shown in Fig. 6 
for the “siem” fMRI image of dimensions   
64x64x16x120.  In this figure appear volume 
images at time t=0 decoded at rates 0.5, 1.0, and 
2.0 b/p.  In Fig. 7, are shown the full and half 
resolution volume images at t=0 decoded from 
the 0.25 b/p codestream. 
 

 
Figure 6. Progressive quality (rate) 4-D SBHP 
decoding of “siem”fMRI  image (64x64x16x120) 
at time t=0.  Clockwise from top left: original, 
0.5, 2.0, 1.0 b/p. 
 

 
          0.25 b/p full resolution          ½ resolution 
 
Figure 7. 4D_SBHP decoding of ½ resolution 
volume from “siem” fMRI image at t=0 from 
0.25 b/p codestream.  
 
5. Conclusions 

137333 bytes 757110 bytes 3725185 bytes
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Lossless compression of medical images brings 
not only savings in storage and communication 
efficiency and speed, it can bring valuable 
decoding features of progressive decoding in 
resolution and quality and codestream random 
access.   We specifically demonstrated these 
features for SBHP, because it is the simplest of 
the algorithms offered for image compression 
and delivers the desired features efficiently and 
effectively.   For example, comparisons of 3D 
SBHP with 3D SPIHT using arithmetic coding 
of the significance map showed 6 times faster 
encoding and 6 to 10 times faster in decoding.   
In other words, the savings in transmission and 
processing time to get these features from an 
original or conventionally compressed image are 
still quite substantial.    
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1. Introduction 
Picture archiving and communication systems 
(PACS), which contain a collection of 
specialized networks and software, are 
commonly used for storage and distribution of 
3D medical images. In recent years, the wide 
pervasiveness use of telemedicine technologies 
has motivated the integration of mobile devices, 
such as Personal Digital Assistants, into PACS in 
order to allow immediate diagnosis by a doctor 
at any time and place [1]. Consequently, 
telemedicine applications require that 3D 
medical images be efficiently transmitted over 
error-prone wireless networks of various 
bandwidth capacities. 
 
In this letter, we introduce a compression method 
with optimal channel protection for transmission 
of 3D medical images over error-prone wireless 
networks. Our method, which is based on the 3D 
integer wavelet transform (3D-IWT) and the 
embedded block coding with optimized 
truncation (EBCOT) algorithm, allows 
compression of 3D medical imaging data into a 
layered bit-stream that is scalable in quality and 
resolution, up to lossless reconstruction. The 
method features optimal channel protection, 
which is achieved by employing an optimization 
technique that assigns protection bits to the 
different sections of the compressed bit-stream 
based on their mean energy content. The method 
realizes channel protection by concatenating a 
cyclic redundancy check (CRC) outer coder and 
an inner rate-compatible punctured convolutional 
(RCPC) coder.  
 
We evaluated the robustness of the proposed 
method over a Rayleigh-fading channel, which 
effectively models the effect of a propagation 
environment on radio signals used by wireless 
devices. Performance comparisons on real 
magnetic resonance imaging (MRI) volumes are 
made with the cases of equal channel protection 
(ECP) and unequal channel protection (UCP). 
Our results show that the proposed method 
outperforms the ECP and UCP techniques over a 
variety of channel conditions and transmission 
bit-rates. 
 

2. The proposed compression method 
The proposed compression method with optimal 
channel protection is depicted in Fig. 1. At the 
encoder side, we first apply a 3D-IWT with 
dyadic decomposition and R levels of 
decomposition to an input 3D medical image. 
This type of wavelet transform guarantees 
perfect invertibility and thus allows for perfect 
reconstruction of the signal [4]. After the 3D-
IWT, we group the wavelet coefficients into 
code-cubes of a×a×a samples. We employ a 
pyramid approach to define the size and position 
of code-cubes across the different decomposition 
levels, so that a code-cube of a×a×a samples at 
position {x,y,z} in a particular sub-band at 
decomposition level r depicts the same spatial 
information as the code-cube of a/2×a/2×a/2 
samples at position {x/2,y/2,z/2} in the 
equivalent sub-band at decomposition level r + 1, 
where r =1 is the first decomposition level (see 
Fig. 2). We encode each code-cube 
independently using a modified EBCOT with 3D 
contexts to create a separate scalable layered bit-
stream for each code-cube [5,6]. We then 
generate the compressed bit-stream representing 
the 3D image by collecting the incremental 
contributions from the various code-cubes into a 
number of quality layers, so that the code-cube 
contributions result in an optimal rate-distortion 
representation of the 3D image, for each quality 
layer L [5,6]. We use the information about the 
mean energy of the wavelet coefficients 
comprising each code-cube in an optimization 
process to optimally channel-protect the coded 
code-cubes, so that more protection bits are 
assigned to those coded code-cubes containing 
the most energy.  
 
At the decoder side, after transmission over an 
error-prone wireless network, we first decode the 
channel-protected data and employ an error 
concealment technique to minimize the effect of 
channel errors. We then obtain the wavelet 
coefficients by applying the EBCOT decoder. 
Finally, we obtain the re-constructed 3D image 
by applying an inverse 3D-IWT.  
 
 
3. Optimal channel protection assignment 
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We assign channel protection to the compressed 
bit-stream representing the 3D image based on 
the effect of bit-errors in each code-cube bit-
stream to the overall mean-square error (MSE) of 
the reconstructed 3D image. Due to the entropy 
coding process of EBCOT, the distortion in the 
reconstructed 3D image depends on both the 
number and position of the bit-errors. A bit-error 
in the initial few bits of a code-cube bit-stream 
generally results in higher distortion compared to 
a bit-error in the later bits, since the initial few 
bits comprise the most significant bit-planes.  
 
Code-cubes are encoded independently from 
each other and thus, bit-errors in one code-cube 
bit-stream do not propagate to others. In order to 
further limit error-propagation within a single 
code-cube bit-stream, we employ an error 
concealment technique at the decoder side. In 
this error concealment technique, after the 
occurrence of the first bit-error in a bit-plane, we 
assign a value of zero to the current and 
subsequent bit-planes, so that the MSE of a 
code-cube does not increase any further. Under 
this scenario, the maximum MSE (MMSE) of a 
code-cube i at quality layer L [hereafter referred 
to as code-cube (i, L)] is equal to its mean energy 
(i.e., errors in all the bit-planes of a code-block): 

 

M i,L =
1
K

ck − ?c k( )2

k =1

K

∑
                   (1)

 

where ck is the kth sample of code-cube (i, L), 

 

?c k 
is the quantized representation of the kth sample 
of code-cube (i, L) associated with the bit-stream 
contribution to quality layer L, and K is the total 
number of samples in code-cube (i, L). The 
MMSE of code-cube (i, L) in sub-band s on a 
per-voxel basis over the entire 3D image may 
then be calculated as: 

 

M i,L =
gs

Ns

qs

Q
M i,L = 22r gs

Ns

M i,L

             (2) 

where Q is the total number of image voxels, r is 
the decomposition level to which code-cube (i, L) 
belongs (r = 1 denotes the first decomposition 
level), qs = Q/22r is the number of wavelet 
coefficients in s, Ns is the number of code-cubes 
in s (the code-cubes are of equal size), Mi,L is as 
defined in (1), and gs is a factor used to 
compensate for the non-energy preserving 
characteristics of the bi-orthogonal Le Gall 5/3 
wavelet filter [7]. 
 
The overall distortion of the 3D image at quality 
layer L can be then expressed as the summation 
of the individual distortions associated to each 
code-cube (i, L) multiplied by the probability of 
channel error Pe. The probability of channel error 
Pe is estimated from the current channel 
conditions and the RCPC coding rate chosen 
over a Rayleigh-fading channel [8,9]. For a 3D 
image coded using a total of I code-cubes, the 
overall distortion at quality layer L is then: 

 

DL = M i,L ⋅
i=1

I

∑ Pe
                             (3)

 

where 

 

M i,L
 
is as given in (2).  

 
For a fixed target transmission rate, some of the 
code-cube bit-streams may have to be discarded 
in order to accommodate for the protection bits. 
Hence, the distortion in (3) can be expressed as 
follows:  

 

DL = M i,L ⋅ Pe ⋅ δ(i)
i= i

I

∑ + mi,L ⋅ 1 −δ(i)[ ]
i= i

I

∑
       (4)

 

where mi,L is the amount of MSE that will be 
added to the overall distortion if the bit-stream of 
code-cube (i, L) is discarded, and 

 

δ(i)
 
is 1 if the 

bit-stream of code-cube (i, L) is included, 
otherwise it is zero.  
 

 
 

Fig. 1. Proposed compression method. 3D-IWT: three-
dimensional integer wavelet transform. EBCOT: embedded 
block coding with optimized truncation. 
  

Fig. 2.  A code-cube of a×a×a samples at the first 
decomposition level and the equivalent code-cube of 
a/2×a/2×a/2 samples at the second decomposition. 
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We find the optimal channel protection at quality 
layer L by minimizing DL in (4) under the 
following bit-rate constraint: 

 

Si,L

Ri,L

⋅ δ(i)
i=1

I

∑ ≤ RT ,L
                 (5) 

where Ri,L is the channel code rate for the bit-
stream of code-cube (i, L), Si,L is the number of 
bits in the bit-stream of code-cube (i, L), and RT,L 
is the available transmission bit-rate at quality 
layer L.  
 
We solve the optimization problem in Eqs. (4)-(5) 
by finding the points that lie on the lower convex 
hull of the rate-distortion plane corresponding to 
the possible sets of bit-stream assignments. 
 
4. Performance evaluation 
We tested the performance of our proposed 
method over a simulated Rayleigh-fading 
channel, which effectively models the fading 
effect on radio signals used by wireless devices 
in built-up urban areas where buildings and other 
objects attenuate, reflect, refract and diffract the 
signals [10]. We employed Jakes’ model to 
simulate a Rayleigh-fading channel, where the 
channel conditions are specified by the average 
received signal-to-noise ratio (

 

SNR ) over the 
channel [10]. A low 

 

SNR

 
value corresponds to 

poor channel conditions, whereas a high 

 

SNR 
value corresponds to good channel conditions.  
We used an MRI volume as the test image. The 
MRI volume comprises 50 slices of a human 
spinal cord [saggital view, 512×512 pixels per 
slice (pps), 8 bits per voxel (bpv)]. In order to 
obtain different channel protection rates, we 
punctured with a period of eight, the 
convolutional mother code of rate 1/4 and 
generator matrix g = [23 35 27 33] (in octal 
notation) [8]. The decoding process was 
performed using the Viterbi algorithm [9]. 
 
We decomposed the test images with four levels 
of decomposition in all three dimensions. We 
employed 32×32×32 samples per code-cube to 
create a scalable layered bit-stream with 20 
quality layers, whose reconstruction quality 
progressively improves up to lossless 
reconstruction. We divided the code-cubes bit-
streams to be channel-protected into smaller bit-
streams of 384 bits. Each of these smaller bit-
streams was first protected by an outer 16-bit 
CRC code defined by the polynomial 210 421 (in 
octal notation), followed by an inner RCPC code. 
The information regarding the channel code rates 

and number of protected code-cube bit-streams is 
assumed to be common knowledge to both the 
encoder and decoder and thus, no side 
information needs to be transmitted. We 
evaluated the robustness of the proposed method 
over two different channel conditions 
(

 

SNR =10dB and 

 

SNR =25dB) with frequency-
shift keying transmission, a data rate of 15 Kbit/s, 
a mobile speed of 5 Km/h, and a carrier 
frequency of 900 MHz, which is one of the 
operating frequencies for GSM mobile devices 
[11]. For comparison purposes, we also 
evaluated an ECP and UCP technique designed 
for the current channel conditions [12]. Similarly 
to the proposed method, these techniques employ 
a 16-bit CRC code (210 421 - in octal notation), 
followed by an inner RCPC code. The ECP 
technique assigns protection bits equally across 
all sections of the compressed bit-stream. The 
UCP technique assigns protection bits to the 
different sections according to their mean energy, 
but unlike the proposed method, it employs no 
optimization. Both techniques, ECP and UCP, 
discard code-cube bit-streams to accommodate 
for the protection bits in a similar manner to the 
proposed method. In all cases, the decoder 
performs error concealment on the received data, 
as explained in section 2 

 
We tested each channel condition with 500 
independent trials. Figure 3 shows the average 
PSNR (in dB) of the received 3D images after 
transmission at a variety of bit-rates. It can be 
seen that the proposed method achieves the 
highest average PSNR values over all channel 
conditions and transmission rates. This is a 
consequence of the optimization process 
employed to assign channel protection, in which 
the code-cube bit-streams containing the most 
energy of the image are assigned more protection 
at the expense of reducing the protection 
assigned to those code-cube bit-streams with low 
energy content.  
 
5. Conclusions 
We presented a 3D medical image coding 
method with optimal channel protection for 
transmission over error-prone wireless networks. 
The method is based on a 3D integer wavelet 
transform and the EBCOT algorithm and 
generates a scalable layered bit-stream.  The 
method optimally assigns channel protection to 
the different sections of the compressed bit-
stream according to their mean energy content. 
The    channel       protection     is    realized     by  
concatenating an outer CRC code and an inner 



 
IEEE COMSOC MMTC E-Letter 

http://www.comsoc.org/~mmc/                       20/61                    Vol.6, No.7, July 2011 

RCPC code. We verified the robustness of the 
proposed coding method over a Rayleigh-fading 
channel with different channel conditions. 
Simulation results show that the proposed 
method outperforms the ECP and UCP 
techniques over a variety of channel conditions 
and transmission bit-rates. 
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Fig. 3. Average PSNR values (in dB) of the reconstructed MRI slices (saggital view) of a human spinal cord after 
transmission over a Rayleigh-fading channel with different channel conditions.  
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1. Introduction 
Computed tomography (CT) generates a large 
amount of image data [1]. Although the cost of 
storage and network resources has continued to 
drop, there is increasing demand for data 
compression of CT images, considering the 
requirements for long-term preservation and 
efficient transmission of data, especially between 
institutions at the regional or national level [2]. 
While an irreversible compression of data 
permits a higher degree of compression ratio (CR) 
than a reversible compression, irreversibly 
compressed data may be subjected to 
degradation. Furthermore, a single CR cannot 
serve as a guideline for the compression of 
medical images, as the compression artifacts 
vary considerably with image content, scanning 
technique, and compression algorithm [3-11]. 
For example, previous studies advocating the use 
of irreversible compressions for chest CT images 
reported a range of variable acceptable 
thresholds from 4:1 to 10:1 in terms of the CR [8, 
12-14]. In contrast, reversible compression 
would be the safest compression, although it 
does not provide a very high CR. 
 
In a chest CT image, diagnostically relevant 
information is typically confined to the body 
region (i.e., the region of interest, or ROI), 
whereas the area outside the ROI, including the 
air, patient clothes, and table, is typically 
noncontributory to the diagnosis. The 
compressibility of a chest CT image depends on 
the degree of data redundancy [15] not only 
inside the ROI but also outside the ROI, as the 
image noise, an important factor that decreases 
the compressibility of an image [3, 9-11], is 
evenly distributed throughout the entire image, 
especially in a thin-section image. Therefore, if 
the data redundancy could be increased 
selectively outside the ROI in a chest CT image, 
the overall compressibility of the image would 

then be improved without affecting the 
diagnostic information. 
 
This study aimed to propose a preprocessing 
technique that increases the compressibility in 
reversible compressions of thin-section chest CT 
images, and to measure the increase in CR in 
Joint Photographic Experts Group (JPEG) 2000 
two-dimensional (2D) and three-dimensional 
(3D) compressions. 
 
2. Materials and Methods 
Our institutional review board approved this 
study and waived informed patient consent. We 
developed a preprocessing technique which 
automatically segments the body region and 
replaces pixel values outside the body region 
with a constant value to maximize data 
redundancy. One hundred thin-section chest CT 
scans (50 standard- and 50 low-radiation dose 
scans) were preprocessed by using the technique. 
We measured the increase in CR via the 
preprocessing technique in both JPEG2000 2D 
and  3D reversible compressions (Fig. 1). 

 
Figure 1: Flow chart of the design of the study. 
*=studies were performed with standard or 
low radiational noise (50 samples each) 
 
Only authors who are not employees of or 
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consultants for Accusoft-Pegasus Imaging Co. 
(Florida, USA) had control of inclusion of any 
data and information that might present a conflict 
of interest for the author (T.R.) who is a 
consultant of that company. 
 
Study samples 
This study consisted of thin-section chest CT 
scans of 100 adult patients (age: 57.5 ± 12.5 
[mean ± SD] years; 57.1 ± 12.1 years for 69 
males; and 57.6 ± 12.8 years for 31 females): 50 
consecutive scans obtained with the standard 
radiation dose and 50 consecutive scans obtained 
with low radiation dose at Seoul National 
University Bundang Hospital in February of 
2009. We included the two scan protocols of 
different radiation doses which are enumerated 
in detail in Table 1; both are commonly used in 
clinical practice, and because we considered it 
important to test the proposed preprocessing 
technique at different levels of noise, which is 
known to affect the compressibility of an image 
[3, 9-11]. 
 
Parameter Standard-

Dose Chest 
CT 

Low-Dose 
Chest CT 

No. of detector 
rows 3 section 
thickness 
(mm)/gantry 
rotation 
time (sec) 

16×1.5/0.75 for 
16-channel 
multi–detector 
row CT, 
 64×0.625/0.42 
for 64-channel 
multi–detector 
row CT 

16×1.5/0.75 for 
16-channel 
multi–detector 
row CT, 
64×0.625/0.42 
for 64-channel 
multi–detector 
row CT 

Tube potential 
(kVp) 

120 120 

Pitch 1.071–1.174 1.071–1.174 
Effective tube 
current–time 
product (mAs) 
* † 

149.3±13.4 
(117–172) 

23.1±3.9  
(16–32) 

Effective dose 
(mSv) * ‡ 

7.5±0.8 (4.8–
9.4) 

1.4±0.1 (1.2–
1.5) 

Scanning 
range 

From vocal 
cord to adrenal 
gland. 

From lung apex 
to lung base. 

Field of view 
(mm) * 

310.2±29.4 
(255–405) 

301.6±17.8 
(254–342) 

Reconstruction 
thickness (mm)/ 
interval (mm) 

2/1 2/1 

Image size 512×512 512×512 
Reconstruction 
fi lter 

Medium 
sharp (filter 
type C) 

Medium 
sharp (filter 
type C) 

Table 1: CT Scanning Parameters 

*: Data are means 6 ± standard deviations, with 
ranges in parentheses. 
†: Automatic tube current modulation was used 
‡: Estimated by multiplying the dose-length 
product measured on the CT console by a 
conversion factor (0.019 mSv · mGy-1 · cm-1 ) 
[16]. 
 
All scan parameters followed clinical scan 
protocols of our hospital. Either a 16-channel (n 
= 44) or a 64-channel multidetector row CT (n = 
56) scanner was used (Brilliance; Philips 
Medical Systems, Cleveland, OH). Scans were 
acquired during inspiratory breath-hold while 
patients raised their arms above the shoulders. 
The field of view (FOV) in each patient was 
determined as small as possible, while covering 
the entire thorax for the standard-dose scans and 
focusing on the lungs for the low-dose scans. 
Other scan parameters are tabulated in Table 1. 
The number of images was 372.8 ± 38.6 (mean ± 
SD) for the standard-dose and 358.3 ± 23.2 for 
the low-dose scan. Since this study was not 
intended to evaluate diagnostic performance, 
potential abnormalities contained within the 
scans were not considered to be important. 
 
Segmentation method 
To identify the ROI in each scan, we developed 
an automatic segmentation method. It consisted 
of four steps: rough extraction of the body region, 
removal of superfluously extracted regions, 
inclusion of inner holes, and expansion of the 
ROI. The last step (addition of several pixels 
beyond the body contour to the ROI) was carried 
out to ensure the preservation of data inside the 
body region. The degree of expansion was 
empirically determined as six pixels by a 
radiologist (K.H.L., with seven years of clinical 
experience) in a separate experiment. The first 
three steps were implemented and processed in a 
slice-to-slice operation, while the last step was 
applied to the entire scan. The details of the 
segmentation method are described in the 
Appendix. The source code of the segmentation 
algorithm is available as a supporting document. 
 
Preprocessing 
Each of the 100 scans was preprocessed. After 
the ROI of each scan was determined by using 
the aforementioned segmentation method, CT 
number of pixels outside the ROI were replaced 
by a constant value which corresponded to the 
median CT number of all the pixels outside the 
ROI throughout the scan. The rationale for using 
the median CT number was to maintain the 
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global luminance level of the preprocessed 
images close to that of the original images and 
thus to minimize potential change in luminance 
adaptation by radiologists, since different 
luminal adaptation can differently affect the 
visual perception (16). 
 
Two radiologists independently evaluated the 
accuracy of the segmentation results of the 100 
scans. One of the radiologists (K.H.L.) had seven 
years of clinical experience while the other, not 
included as an author, had 10 years of clinical 
experience. Individual images of each scan were 
scrolled through and reviewed for the 
segmentation boundaries superimposed on the 
original images. If the segmented ROI was 
determined by both radiologists to completely 
cover the body region including the skin, the 
segmentation ROI was considered correct; 
otherwise, it was considered incorrect. 
 
The computing time of the preprocessing was 
measured for each scan and then divided by the 
number of images in the scan. In this calculation, 
we included the time necessary for loading the 
input image files into computer memory as well 
as saving the output image files to storage. We 
implemented the preprocessing technique using 
Visual C++ (version 6.0; Microsoft, Redmond, 
WA) and used a PC platform running Windows 
XP (Microsoft) with a 2 GHz dual-core 
processor (Xeon 5130; Intel Co., Santa Clara, 
CA) and 3 Gbyte of main memory. 
 
In each scan, the percentage volume outside ROI 
was calculated as follows:   
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where N was the number of images in the scan 
and M(x, y, z) was 1 outside the ROI and 0 inside 
the ROI. 
 
Image compression 
The 100 original and 100 preprocessed scans 
were reversibly compressed using both the 
JPEG2000 2D and 3D (part 2, Multi-Component 
Transformation extensions) algorithms 
(Accusoft-Pegasus Imaging Co., Tampa, FL). 
The Multi-Component Transformation was here 
a wavelet transformation in Z-direction, 
implementing together with the regular 2D 
wavelet decomposition of JPEG 2000 a 
volumetric decomposition. 

 
Both compression algorithms have been adopted 
in Digital Imaging and Communications in the 
DICOM standard. JPEG2000 2D compresses an 
image by exploiting the data redundancy within 
the image (i.e., intra-slice correlation) in 
horizontal and vertical directions only, whereas 
JPEG2000 3D compresses the datasets 
additionally in the third dimension through 
exploitation of the data redundancy between 
adjacent images (i.e., inter-slice correlation). 
Both encoders were set to their default settings 
[6]. 
 
The CT images had a pixel bit depth of 12 bits 
(1.5 bytes) of information (attenuation number 
raging from -1024 to 3072 HU) per pixel. 
However, because of practical reasons, the CT 
images were saved in 16 bits (2 bytes) per pixel 
with four padding bits. That is, images were 
encoded as 16 bits/pixel images with the four 
most significant bits set to zero. This type of 
padding is typical in the medical world and only 
justified by the existing toolchain. 
 
For each scan, the CR was defined as the original 
data size (16 bits/pixel) divided by the 
compressed data size (bits/pixel) (17). 
Henceforth, the CRs for the original and 
preprocessed scans were denoted as CRoriginal and 
CRpreprocessed, respectively. The increase in the CR 
via the preprocessing technique was measured 
for each scan as the percentage increase in CR: 
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%100×

−

original

originaledpreprocess
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Statistical analysis 
The accuracy of the segmentation and 
corresponding Wilson 95% confidence intervals 
(CIs) [18] were calculated. The CRoriginal and 
CRpreprocessed results were compared using the 
paired t tests. The linear regression coefficient 
was calculated between the percentage increase 
in CR (dependent variable) and the percentage 
volume outside ROI (independent variable). 
Since the compressibility of CT images are 
affected by compression algorithms and scanning 
protocols [3, 6, 9-11], the study results were 
reported at each of the four combinations of the 
two compression algorithms (JPEG2000 2D and 
3D compressions) and the two scan protocols 
(standard-dose and low-dose scans). A p-value 
less than .05 was considered to indicate a 
statistically significant difference. Statistical 
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software (StatsDirect; StatsDirect, Altrincham, 
Cheshire, United Kingdom) was used. 
 
3. Results 
Segmentation accuracy 
All the ROIs, segmented automatically from the 
100 scans using the proposed preprocessing 
technique, were deemed correct by the two 
radiologists (100%; 95% CI, 96.3-100.0%). 
Interobserver agreement could not be calculated 
because there was no disagreement between the 
two radiologists. 
 
Computing time of the preprocessing technique 
The preprocessing technique required 4.1 ± 0.4 
(mean ± SD) and 3.8 ± 0.3 minutes per scan for 
the standard-dose and low-dose scans, 
respectively. The computation time per image 
was 655.3 ± 27.5 and 641.9 ± 31.6 milliseconds 
per image for the standard-dose and low-dose 
scans, respectively. 
 
Increase in CR using the preprocessing 
technique 
The CR for the standard-dose scan increased 
significantly with the preprocessing technique in 
the JPEG2000 2D (without vs. with the 
preprocessing, 2.40 ± 0.30 [mean ± SD] vs. 3.80 
± 0.70, p < .001) and 3D (2.61 ± 0.34 vs. 3.99 ± 
0.73, p < .001) compressions. Similarly, the CR 
for the low-dose scans increased significantly 
with the preprocessing technique in the 
JPEG2000 2D (2.38 ± 0.12 vs. 3.36 ± 0.28, p 
< .001) and 3D (2.54 ± 0.13 vs. 3.55 ± 0.31, p 
< .001) compressions (Fig 2). 

 
Figure 2: Box-and-whisker plots of reversible 
CRs in JPEG2000 2D and 3D compressions 
for original and preprocessed (a) standard-
dose and (b) low-dose chest CT studies. For 
each compression, white and gray boxes = 
original and preprocessed studies, respect-
tively. Middle lines in boxes = medians. Upper 
and lower margins of boxes = upper and 
lower quartiles. Ends of the vertical lines = 
5th and 95th percentiles. 
 
The mean percentage increases in CR per scan 
were 58.2% (95% CI, 53.1-63.4%) and 52.4% 
(47.5-57.2%) in the JPEG2000 2D and 3D 
compressions, respectively, for the standard-dose 
scans; and 41.1% (38.8-43.4%) and 39.4% (37.4-
41.7%) in the JPEG2000 2D and 3D 
compressions, respectively, for the low-dose 
scans. 
 
Association between increase in CR and volume 
outside ROI 
The percentage volumes outside ROI were 
41.5% ± 7.3% (mean ± SD) for the standard-
dose and 34.2% ± 4.3% for the low-dose scans. 
The linear regression coefficients between the 
percentage increase in CR and percentage 
volume outside ROI were 0.95 (95% CI, 0.91-
0.97, p < .001) and 0.93 (0.89-0.96, p < .001) in 
the JPEG2000 2D and 3D compressions, 
respectively, for the standard-dose scans; and 
0.97 (95% CI, 0.95-0.98, p < .001) and 0.99 
(0.97-1.0, p < .001) for the JPEG2000 2D and 
3D compressions, respectively, for the low-dose 
scans (Fig 3). 
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Figure 3: Scatter-plots show the association 
between percentage increase in CR with the 
preprocessing technique and percentage 
volume outside ROI for  
(a) JPEG2000 2D (linear regression coeffi 
cient, r = 0.95) and  

(b) 3D compressions ( r = 0.93) for standard-
dose studies and  
(c) JPEG2000 2D ( r = 0.97) and  
(d) 3D compressions ( r = 0.99) for low-dose 
studies. 
 
4. Discussion 
We proposed a preprocessing technique that 
increases the compressibility in reversible 
compressions of thin-section chest CT images by 
increasing data redundancy outside the body 
region. The results of our study demonstrated 
that the CR increases considerably with use of 
our preprocessing technique for the JPEG2000 
2D and 3D reversible compressions of thin-
section chest CT scans, suggesting considerable 
saving in system resources required for data 
storage and transmission without concerns about 
image degradation inside the body region.  
 
The mean percentage increases in CR were 
58.2% and 52.4% in the JPEG2000 2D and 3D 
compressions, respectively, for the standard-dose 
scans; and 41.1% and 39.4% in the JPEG2000 
2D and 3D compressions, respectively, for the 
low-dose scans. 
 
The increase in the reversible CR with the 
preprocessing technique was evident across the 
two compression algorithms and the two scan 
protocols. Nevertheless, as expected, the degree 
of increases in CR varied with the compression 
algorithms and the scan protocols, both of which 
are known to affect the compressibility of a CT 
image [3, 6, 9-11]. Had we used a different 
image sample in terms of image reconstruction 
algorithm, radiation dose level, or type of 
scanner, the increase in CR would have been 
different. 
 
Interestingly, the increase in CR with the 
preprocessing for the standard-dose scans was 
greater than that of the low-dose scans. This 
result seems counterintuitive because the low-
dose scans which contain more random noise 
were expected to gain a greater increase in the 
data redundancy outside the ROI with the 
preprocessing technique. Our finding may be 
explained by differential effects of the volume 
ratio outside the ROI (percentage volume outside 
ROI) versus the image noise on CR. In our scan 
protocols, the FOV was set to cover the entire 
thorax for standard-dose scans and to focus on 
the lungs for the low-dose scans. Therefore, the 
percentage volume outside ROI, which showed a 
high linear regression coefficient for the 
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association with percentage increase in CR, was 
greater in the standard-dose scans than in the 
low-dose scans. This factor might have played a 
greater role in determining the increase in CR 
than the image-noise level. Further investigation 
is required to systematically understand the 
increase in CR with the preprocessing technique 
at different scan protocols. 
 
Earlier studies [19-27] suggested ROI-based 
compression techniques for medical images. 
These techniques, similar to ours, aimed to 
compress the data inside and outside an ROI to 
different levels. However, our technique has two 
distinct advantages over the previous techniques 
in regard to practicability for use in medical 
image compression. First, previous techniques 
[20-27] required certain modifications of the 
compression algorithm in their implementation. 
This modification necessarily violates, at least in 
part, the standard of compression algorithms 
adopted in the DICOM standard. Conformance 
to the standard is a requisite for medical image 
compressions that are to be incorporated into a 
pre-existing PACS. In contrast, the proposed 
preprocessing technique is independent of the 
compression algorithm. Therefore, it can be 
incorporated immediately into any PACS. 
Second, the segmentation methods used in the 
previous compression techniques were not fully 
automated [19-22], or the accuracy of the 
segmentation process was not validated [23-26]. 
 
It should be also noted that the proposed 
technique differs from two ROI coding 
techniques already adopted in the JPEG2000 
standard: the Maxshift method in JPEG2000 part 
1 [28] and the General Scaling method in 
JPEG2000 part 2 [29]. The former method does 
not allow accurate control of both the image 
quality within and outside the ROI[19] because it 
requires all coefficients within the ROI to be 
coded before any of the coefficients outside of it 
to be included in the codestream[28]. A suitably 
designed encoder could, however, at least encode 
coefficients within the ROI without any loss and 
might provide a limited amount of control for the 
quality of coefficients outside it, while regaining 
full standard compliance. At the time of writing 
this article, such an encoder was not yet available 
and we leave the study of this method to a future 
work. 
 
With the latter approach, i.e. part 2 ROIs, the 
ROI can be only a composition of regular shapes 
such as rectangles or an ellipses [29], and the 

method has not been widely adopted in industry. 
Specifically, interoperability within DICOM 
would be hard to reach. 
 
As shown in our results, the proposed 
preprocessing technique required approximately 
four minutes per scan or less than one second per 
image. This computing time could be reduced by 
optimizing the source code or through the use of 
state-of-the-art workstations. Alternatively, the 
overall preprocessing time for a scan is likely 
reducible by incorporating the preprocessing 
method in an on-the-fly manner into the PACS. 
This is described in the Appendix. 
The segmentation method proposed in our study 
showed segmentation accuracy of 100% with a 
narrow 95% CI (96.3-100.0%). This result can 
be attributed to the fact that the body region in 
chest CT images has well defined boundary 
facilitating a reliable segmentation. In addition, 
the segmented body region was further expanded 
in the final step of the segmentation to improve 
the fidelity of the segmentation. Nevertheless, it 
is uncertain if our segmentation method would 
work for images obtained with different scanners 
and for images of body regions other then the 
chest. Further investigation with a greater sample 
of more heterogeneous nature is required to 
verify the robustness of the segmentation. 
 
This study has limitations. First, as the test 
dataset did not include cases with post-surgical 
or post-traumatic body contour (open 
thoracotomy or severe subcutaneous 
emphysema), our segmentation method was not 
tested in such cases. However, this issue may be 
less critical for low-dose chest CT scans, as these 
types of disrupted body contour cases would be 
very rare in patients undergoing lung cancer 
screening examinations. Second, we did not 
examine whether pixel value alteration outside 
ROIs may hinder clinical interpretation of 
images inside ROIs. The preprocessing removes 
the clothes of the patient as well as the table, 
smoothens the background area by removing 
image noise, and creates a sharp ROI boundary. 
We believe that these external changes will not 
negatively affect the diagnostic performance of 
radiologists interpreting the anatomy inside the 
ROI. 
 
In conclusion, the proposed preprocessing 
technique, which automatically replaces pixel 
values outside the body region with a constant 
value, considerably increases CRs for JPEG2000 
2D and 3D reversible compressions of thin-
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section chest CT scans. 
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6. Appendices 
Segmentation method 
We developed an automatic segmentation 
method which identifies pixels inside the body 
region (i.e., ROI). The segmentation method 
consists of four steps: rough extraction of the 
body region (Fig. 4a), removal of superfluously 
extracted regions (Fig. 4c), inclusion of inner 
holes (Fig. 4d), and expansion of the ROI (Fig. 
4e). 
 

 
Figure 4: Steps of the segmentation method 
(see text). 
 
The segmentation process is sequentially 
operated: the output of one step serves as the 
input for the next step. The first three steps are 
applied in a slice-to-slice mode and the last step 
is carried out over the entire scan. This 
operational approach was designed to reduce the 
overall computing time required for the 
preprocessing of a scan when the preprocessing 
is incorporated into a picture archiving and 
communication system (PACS) in an on-the-fly 
manner. In this way, images can be processed 
sequentially by the first three steps as they are 
acquired from a CT scanner. When the last 
image of a scan is available and processed via 
the third step, the last segmentation step is 
applied to the entire dataset of the scan. All the 
adjustable parameters in our algorithm were 
determined in a preliminary test with a separate 
dataset (n = 30), based on judgment by a 

radiologist (K.H.L., with seven years of clinical 
experience). 
 
Rough extraction of body region  
This step extracts pixels with CT number greater 
than -400 Hounsfield unit (HU) using a 
thresholding technique. The threshold value was 
empirically determined. As the body region in a 
chest CT scan has higher HU values than the 
background air (Fig. 4a), the thresholding 
excludes the background, roughly extracting the 
body region including the patient table and 
clothes (note the transparent color overlay in Fig. 
4b). 
 
Removal of superfluously extracted region 
This step removes superfluously extracted 
regions from the previous step, such as the 
patient table and clothes (arrows in Fig. 4b). First, 
a morphological operator of opening (30) is 
applied to the roughly extracted body region. 
The opening operator smoothens out the 
boundary of the input region by scanning the 
interior of the region with a structuring element 
while removing the areas that are not covered by 
the structuring element. As the structuring 
element, a circle with a radius of one pixel is 
used. Because the opening operation isolates 
regions linked to others with narrow bridges, it 
detaches the patient table or clothes from the 
body region. Second, the connected component 
analysis (30) is applied, resulting in groups of 
connected pixels. The body region is easily 
identified as the pixel group with the largest 
number of pixels (Fig. 4c). As some part of the 
body region such as the upper shoulders may not 
be connected to the main body region in some 
image sections, we additionally identify the pixel 
groups with more than 100 pixels. The number 
100 was also empirically chosen. 
 
Inclusion of inner holes 
The result of the previous step does not contain 
low-attenuating structures such as the lung cavity, 
trachea, and bronchus in the body region. To 
include such inner holes in the ROI, the result of 
the previous step is inverted and the connected 
component analysis is then applied, yielding the 
pixel groups of the inner holes and of the 
background air. With consideration that the 
background may contain boundary pixels in a 
section image, the pixel groups which do not 
contain the boundary pixels are included in the 
ROI (Fig. 4d). 
 
Expansion of ROI 
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In order to improve the fidelity of keeping the 
data inside the body region undisturbed, the ROI 
result of the previous step is expanded using a 
morphological operation of dilation (30) (Fig. 
4e). The dilation expands the input ROI by 
driving out the boundary with a structuring 
element. As the structuring element, a circle with 
a radius of six pixels is used. The radius (i.e., the 
degree of dilation) was empirically determined 
by the radiologist involved in a preliminary 
experiment. 
 
Replacing CT number of pixels outside ROI 
with a constant value 
Finally, the CT number of every pixel outside 
the expanded ROI is replaced with a constant 
value which corresponds to the median CT 
number of pixels outside ROI throughout the 
scan (Fig. 4f). 
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1. Context 
Periodically an article appears in the scientific or 
medical literature describing some new 
reversible (lossless) or irreversible (lossy) image 
compression scheme, and either explicitly or 
buried within it, is a reference to the scheme’s 
applicability to medical image compression. 
 
It is no secret that the medical community makes 
extensive use of digital images; indeed greater, if 
not excessive, use of imaging is one of the major 
contributors to the burgeoning cost of healthcare 
[1]. Yet to an outsider, the medical industry 
appears incredibly conservative about the 
deployment of new compression technology. 
Why is this so? What is different about medical 
image compression? 
 
2. Types of images 
The scope of medical imaging is broad, ranging 
from a simple multi-megapixel single frame 
digital image of a chest X-ray, through an entire 
set of tomographic slices through part or all of 
the body, possibly acquired using hybrid 
technologies and with a functional as well as 
structural component, such as a CT-PET scan, 
through video applications such as visible light 
endoscopy, to whole slide imaging, which 
involves multi-resolution acquisition resulting in 
enormous datasets. 
 
Some of these applications are very similar to 
consumer applications, particularly single frame 
digital photography and video recording. In such 
cases, ordinary consumer compression schemes 
are routinely applied, albeit often embedded in 
medically specific storage, management and 
distribution standards and solutions. 
 
X-ray applications, including single and multi-
frame projection images as well as 
“reconstructed” tomographic slices through the 
body, are gray scale, but typically require 
encoding a dynamic range with a resolution 
beyond 8 bits. The full dynamic range is 
important to encode information about the 
structures of different densities. It is usually 
viewed by the user through a series of 
“windows” with a narrower range, for example 

to better see soft tissues, or bone, or air-filled 
structures. The user needs to be able to adjust 
this window continuously, hence the full 
dynamic range data needs to be distributed, not 
pre-windowed images, despite the fact that the 
display device is often limited to an 8 bit range. 
 
Further, the numeric pixel data values may have 
a real world meaning with a well-defined 
physical unit. For example, X-ray CT images are 
encoded in Hounsfield Units (HU), a water-
relative measurement of linear attenuation and 
hence related to density. These numeric values 
have diagnostic significance, so it is important 
that the values encoded in an image, not just 
their appearance, be preserved. 
 
3. Uses of images 
The most critical use of a medical image is to 
make a “diagnosis” that affects the patient’s 
management, perhaps better described as 
“image-based decision making”. This may 
involve the task of detection of one or more 
abnormalities, as well as their characterization 
and classification. Usually such interpretations 
are performed by physicians (such as radiologists) 
highly trained in the range of diseases they may 
possibly encounter, as well as highly experienced 
in the appearance of such diseases and the 
normal anatomy. Some findings are very obvious, 
and others are extremely subtle. Some tasks 
require preservation of high frequency detail, 
others involve low contrast, and yet others 
require recognition of subtle changes in 
particular texture patterns. 
 
What exactly the combination of a human’s brain 
and visual system is doing when making a 
diagnosis is poorly understood. This is an area of 
intensive research to the point that a professional 
society exists to study the matter (Medical Image 
Perception Society – “http://www.mips.ws/”). A 
few very specific tasks are amenable to 
Computer Assisted Detection (CAD) or 
Diagnosis (CADx), usually to augment rather 
than replace the human, but as yet, given the 
broad range of diseases and their appearance, 
there is no substitute for the human expert. 
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Calibrated display devices with high luminance, 
contrast range, and spatial resolution are 
typically used for diagnostic image interpretation, 
in an environment controlled for ambient light 
and specular reflections. 
 
Often distinguished from the critical task of 
“diagnosis”, is the less demanding task of 
“review”. This may involve medical staff with 
less imaging expertise viewing the image in 
combination with a radiologist’s report, or 
performing a less demanding task, or one for 
which they have been specifically trained, such 
as confirming the appropriate position of a tube 
or catheter. Arguably such tasks may be 
performed using images of lesser quality, subject 
to greater degradation (e.g., more irreversible 
compression), or displayed on less capable 
devices or in an ambient lighting environment 
that is less well controlled. 
 
However, there is a continuum between “review” 
and “diagnosis” and often the two are not so 
easily distinguished. In particular, the fallacious 
assumption is often made that remote users with 
access over lower bandwidth channels, 
performing more urgent decision making tasks, 
perhaps off-hours, can make do with lesser 
quality. It isn’t good enough to make a diagnosis 
on a perfect image in the morning if the patient 
died in the middle of the night as a consequence 
of reviewing a degraded image. 
 
Another distinct “review” task is that of 
comparison with previous images when 
interpreting new studies. This is most important, 
since the ability to detect change significantly 
affects performance, and because the change 
itself may be clinically significant (e.g., the 
progression of the disease or the response to 
therapy). Arguably, for some tasks, the priors 
may not need to be of the same quality as the 
current image.  
 
4. Risk Aversion and Cost Tradeoffs 
It is no secret that physicians, particularly in the 
United States, have become incredibly risk 
averse, partly as a consequence of the real or 
perceived threat of malpractice litigation. 
Despite the fact that irreversible compression has 
not yet been considered in a court of law [2], the 
concept of “throwing away” information that 
was acquired, at first thought, is anathema to 
radiologists. 
 
However, physicians (or their infra-structure 

providers) are also sensitive to cost, particularly 
costs that are not reimbursed, and neither 
bandwidth nor storage is free. We like to say 
nowadays, that “disk is cheap”, and sure enough 
it is, but the energy required for power and 
cooling, is not. Further any decline in storage 
hardware (if not operational) costs, may be offset 
by the greater usage of imaging (more studies), 
and the greater size of images for each study as 
acquisition technology advances (more, thinner 
slices acquired faster, for example). 
 
Physicians are also intolerant of inconvenience, 
and any significant, or even perceptible, delays 
in the display or navigation of images are 
unacceptable, and in urgent cases, delay might 
lead to patient harm [3]. The greater size of each 
dataset per study exacerbates this effect. 
 
So, even in a local network environment where 
the facilities are optimized to maximize 
performance of distribution, perhaps using a 
single vendor solution, there are still drivers 
towards compromise that suggest the use of 
irreversible compression for some less 
demanding tasks. 
 
If one extends the task to include use of images 
on a broader geographic scale, the costs rise 
dramatically, leading to greater pressure to 
compromise. Yet there is no reason why a patient 
should have a repeat scan exposing them to cost, 
discomfort and radiation if an “outside” scan of 
adequate quality is remotely available. Nor 
should a geographically remote expert’s opinion 
be unavailable. Nor should opportunities to more 
efficiently geographically deploy staff and 
resources be precluded. Sometimes radiologists 
simply prefer to work at home. 
 
The greater use of mobile devices with less 
capable display characteristics is another 
increasingly important factor; there is little point 
in delivering images of a significantly greater 
quality than can be displayed, nor should 
legitimate “closer to the bedside” use cases, 
which offer the potential to improve patient care, 
be precluded by limited wireless bandwidth. 
Mobile devices expedite the timeliness, not just 
the convenience, of the interaction, and have the 
potential to improve the efficiency of staff 
through greater multi-tasking independent of 
physical location. 
 
Ideally, a compromise could be reached, in 
which an optimal level of “irreversible” 
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compression could be defined for any particular 
class of tasks that is “diagnostically acceptable” 
[4], not just to contain costs, but to enable 
implementation of use cases that would 
otherwise be unachievable. 
 
5. Diagnostically Acceptable Irreversible 
Compression 
Whilst the mathematical literature introduces 
new compression schemes with a small number 
of test images demonstrating potential, it remains 
for the medical literature to evaluate such 
schemes on a sufficient number of real clinical 
images to demonstrate safety and efficacy. And 
therein lies the rub. To conduct such studies 
“properly” turns out to be extraordinarily 
expensive. When comparing compressed images 
to uncompressed images (or images compressed 
with different schemes or parameters), 
significant statistical power is required to 
demonstrate that the absence of any difference in 
performance found is not just due to an 
inadequate sample size (type II error). Further, it 
is necessary to define how much of a difference 
in performance actually “matters” (i.e., to make 
the distinction between clinical significance and 
statistical significance). 
 
It is necessary to conduct studies that are 
modality-specific, since CT images may tolerate 
a greater or lesser amount of a specific type of 
compression than, say, PET or projection X-ray 
images. Even for a single modality like CT, the 
characteristics of slices through the chest are 
very different from those through the brain or the 
liver, and hence body-region specific trials are 
required. Further, for one modality and body 
region, the diagnostic task has a big impact. For 
example, no reasonable amount of irreversible 
compression will prevent a large brain tumor 
from being detected, yet the subtle boundary 
between grey and white matter might be lost 
preventing detection of an infarct. Even the 
acquisition device itself makes a difference, 
since there is significant variation in 
reconstructed image characteristics between 
detectors and algorithms from different 
manufacturers. Human readers also vary in their 
ability and may be affected by all of the 
foregoing factors. The combinatorial explosion 
of modality, region, task, device and human 
factors makes performing every experiment 
impossible. 
 
In attempting to perform a reasonable subset of 
experiments and reach expert consensus, several 

approaches have been taken, including 
performing large scale, well-controlled task 
specific measurements of performance for 
narrowly defined tasks that are known or 
expected to be difficult. The results are then used 
to set conservative bounds on what is acceptable, 
recognizing that greater compression could 
perhaps be used for less demanding tasks, but 
sacrificing it. 
 
Given the cost of conducting experiments that 
truly measure an observer’s performance, short 
cuts are often taken, such as assuming that if the 
reader cannot perceive a difference between 
displayed images, then their actual performance 
would not have been affected. Such studies are 
an unsatisfactory substitute, given the lack of 
evidence supporting the (widely held) 
assumption. The removal of noise caused by 
compression actually causes some observers to 
express a preference for compressed images, but 
the effect of this factor on their actual detection 
or characterization performance is unknown. It is 
known that the converse is often true, that expert 
readers can successfully interpret what appear to 
be grossly degraded images that they would 
normally reject. 
 
Another option is to compute some numerical 
metric derived from the pixel data to use as a 
surrogate for human performance. Simple 
metrics such as peak signal-to-noise ratio (pSNR) 
are known to correlate poorly with both 
subjective assessment of quality and observer 
performance, but more ambitious metrics based 
on models of the human visual system (HVS) 
have shown good results [5] [6]. At the very 
worse, they help the researcher explore the 
feasibility of and parameters for conducting 
human observer experiments. 
 
Several national professional societies have 
attempted to review the literature, in some cases 
conduct their own experiments to fill gaps in 
knowledge [7], and define reasonably 
conservative limits for what they deem to be 
acceptable (Canada [8], UK [9], Germany [10]). 
Other countries (notably the ACR in the US) 
have shied away from such an exercise and leave 
it purely to the discretion of each physician. In 
some scenarios, irreversible compression is 
expressly forbidden by regulation, for example 
for digital mammography in the US [11]. 
 
6. Quantitatively Acceptable Irreversible 
Compression 
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Physicians rarely make measurements on images, 
though there are some very notable clinical 
exceptions, such as measuring narrowing in 
blood vessels. Even if visual interpretation of an 
image is unaffected by irreversible compression, 
quantitative performance may be. A classic 
example was the unexpected failure of an early 
ACC-DICOM experiment designed to show that 
JPEG irreversible compression of cardiac 
angiograms did not affect measurement at 
compression bit rates that were sufficient to 
achieve real time playback from single speed CD 
drives [12]. Improvements in CD drive 
technology made the use case irrelevant before 
the study was even completed, but the point was 
made. Compression may affect both the 
measurement of the size of a structure, or the 
values of the pixels contained within the 
structure. In the latter case, this may affect the 
classification of the tissue type (in the case of CT 
density in HU), or the quantitative assessment of 
function or activity (in the case of a modality like 
Nuclear Medicine or PET). 
 
Also of concern is the impact of irreversible 
compression of the performance of machine 
algorithms designed for detection or 
classification, such as the CAD or CADx devices 
previously mentioned. Such algorithms may 
make use of different information present in the 
images than that used by the human visual 
system, and accordingly compression may be 
inappropriate, or different algorithms or 
parameters may be needed. 
 
7. Standards and Interoperability 
An overriding practical concern for the use of 
both reversible and irreversible compression is 
the matter of interoperability, both short and long 
term. 
 
Whilst some consumers may tolerate the 
transient inconvenience of having to download a 
new codec or software version to view a picture 
or video on the Internet, or even forgo viewing 
an incompatible image at all, such unreliable 
performance is completely unacceptable in the 
practice of medicine. 
 
Absolute reliability is expected, and both 
equipment manufacturers and institutional staff 
exercise strict control of the configuration of 
their systems and make extensive use of 
standards to assure interoperability. The Digital 
Imaging and Communications in Medicine 

(DICOM) standard has been used exclusively for 
this purpose since it was published in 1993. 
Amongst other things, it defines a limited set of 
compression schemes that may be used both on 
the network and on offline interchange media 
such as CDs and DVDs. 
 
To the extent that consumer industry standards 
support the characteristics of medical images, 
these standards are adopted without modification. 
DICOM currently supports the use of 
conventional JPEG for color images, the more 
exotic JPEG processes for reversible and 
irreversible encoding of greater than 8 bit images, 
as well as JPEG-LS and JPEG 2000. For video 
images, additional schemes supported include 
various levels and profiles of MPEG2 and H.264. 
This is not to say that every storage or viewing 
device supports every scheme, but the problem is 
constrained by a combination of negotiation of 
capabilities on the network, strict limits on media 
content and effective use by purchasers of 
manufacturer-published conformance statements. 
 
DICOM is extremely conservative about adding 
new schemes, since the incremental benefit of 
slightly improved performance, or an additional 
feature, rarely justifies the risk of compromising 
interoperability. Medical devices are also highly 
regulated (e.g., by the FDA in the US), so they 
are also expensive to modify given the burden of 
testing and documentation required. Irreversible 
compression is specifically highlighted as a risk 
factor in the FDA guidance for approvals [13]. 
 
The short-term distribution interoperability 
issues are readily addressed for both local and 
remote network viewing and the interchange of 
CDs, DVDs and USB devices, through the use of 
the DICOM standard. On the network, 
proprietary schemes can be negotiated using the 
DICOM transport protocol, and used if both ends 
support the scheme. Web-based proprietary thin-
client or Web-deployable thick-client solutions 
are relatively immune to compression-related 
interoperability problems, as long as the 
demands for a specific browser version are not 
too restrictive. 
 
However, in the long term, interoperability is 
significantly impaired if the images are not 
archived in a standard compressed format. For 
serving up images on demand in the short term, 
proprietary schemes arguably may have 
performance advantages, but the long term 
archive must contain images in a standard format, 
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or at the very worst provide an efficient bulk 
means to convert them to a standard format. 
Most institutions can expect to completely 
replace their Picture Archiving and 
Communications (PACS) storage and 
distribution infrastructure every three to five 
years, very often switching to a different vendor. 
In such cases, the use of proprietary rather than 
DICOM standard reversible or irreversible 
compression schemes to archive the images 
greatly increases the cost and time required to 
migrate them. 
 
8. Fundamental Compression Research 
The foregoing may seem relentlessly depressing 
to the researcher interested in developing novel 
compression schemes or incremental 
improvements to existing approaches, given the 
conservatism that the user, manufacturer and 
standards community manifests. 
 
However, there is still great opportunity to take 
advantage of increased computing and memory 
capacity to implement hitherto impractical 
methods. For example, many of the larger 
medical image datasets are three or four, not two 
dimensional, and use of redundancy in these 
additional dimensions is rarely exploited. 
Specific features such as the progressive 
embedded nature of a JPEG 2000 bit stream 
(achieving progressive transmission without 
sending more data overall) are also superficially 
attractive, as is the multi-resolution encoding 
that offers complete lower resolution images 
earlier. 
 
Yet these benefits or features are not necessarily 
easily deployed. Indeed the increased complexity 
of JPEG 2000 may have significantly slowed its 
adoption, particularly when many of the practical 
use cases remain relatively unsophisticated. 
Neither JPEG-LS, nor JPIP, though included in 
DICOM, has seen much practical use. For an 
advanced application like multi-resolution 
Whole Slide Imaging (WSI) for pathology, 
which involves interactive remote navigation of 
enormous datasets (virtual microscopy), a 
combination of JPEG 2000 and JPIP would seem 
ideal Yet equipment manufacturers have largely 
eschewed these standards, ostensibly on the basis 
of complexity and poor performance, in favor of 
much simpler tiled JPEG pyramidal 
decompositions (now supported in both BigTIFF 
and DICOM). 
 
It is a given that any new scheme will require 

adoption by a compression standards body like 
ISO/IEC JTC1/SC29/WG1 (JPEG) before the 
medical community or DICOM would adopt it. 
Individual vendors might adopt or develop their 
own schemes, but the opportunity is limited. 
Another significant barrier to adoption is the 
matter of intellectual property restrictions, with 
which image compression schemes are fraught. 
The last thing medical software and hardware 
manufacturers are interested in is paying license 
fees for compression schemes of dubious benefit. 
In the best case, they may seek to enhance their 
own patent portfolio for defensive reasons, but 
generally rely for that on in-house developed 
schemes. Few compression schemes succeed 
without at least one commercially usable open 
source reference implementation to spur early 
deployment and testing, and any intellectual 
property restrictions have a dramatic stifling 
effect. The extent to which the JPEG and MPEG 
subcommittees struggle with these issues is no 
secret. 
 
On a positive note, many image compression 
researchers have in the past had very limited 
access to large quantities of realistic medical 
images with which to experiment. There has 
been dramatic improvement, with the advent of 
large Internet-based publicly accessible open 
image archives. These mostly contain de-
identified images collected during the conduct of 
large-scale clinical trials that are made available 
for secondary re-use, either through the 
generosity of the investigators or as a matter of 
funding agency policy. The National Biomedical 
Imaging Archive (NBIA) [14], the Osteoarthritis 
Initiative (OAI) [15] and the Alzheimer's Disease 
Neuroimaging Initiative (ADNI) [16] are just a 
few examples. Although there is currently no 
formally defined collection or “corpus” of 
specific images by which different studies can be 
compared, it would be quite reasonable to 
establish now given the availability of these 
readily accessible archives. Most such archives 
contain images in original DICOM format (but 
de-identified), and hence are compatible with 
conventional DICOM software toolkits and 
viewing software. Experimental compression 
codecs can be readily connected to most such 
toolkits, for example using standard APIs such as 
the Java Imaging IO interface. Proprietary or 
home-grown experimental formats should be 
studiously avoided, to allow for re-use. 
 
Though perhaps less exciting than fundamental 
compression research, the need to perform 
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observer-performance experiments is essentially 
unsatisfied and unbounded. However, justifying 
and raising funding to perform sufficiently 
rigorous studies as to be useful remains 
extremely challenging. 
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The emerging Social/P2P networking techniques 
have introduced enormous impact on nowadays 
network interactions. At the same time, 
promising methods have been employed to 
effectively integrate context and content for 
multimedia mining, management, indexing, 
retrieval and video coding in Social/P2P 
networks. In addition, increasing service 
requirements by multimedia consumers inspire 
rapid developments on interactive interface 
design and adaptive visualisation. With these 
developments, extensive research has been 
carried out on multimedia content processing and 
sharing in Social/P2P networks.  
 
Advanced multimedia processing often attempts 
to optimize the coding efficiency and introduces 
higher dependency between the processed data, 
resulting in a fundamental challenge to robust 
data communication. On the other hand, 
Social/P2P systems due to limited capacity and 
unreliability of peers (in P2P), mechanisms are 
needed to efficiently manage the resources 
contributed by peers and to adapt to the dynamic 
nature of the network. Therefore, we are facing 
unprecedented challenges in multimedia 
processing and communications in Social/P2P 
networks. The aim of this special issue is to 
present the most recent multimedia processing 
technological and scientific achievements in this 
scope, in order to improve the end-to-end 
Quality-of-experience (QoE) in P2P/Social 
networks. 
 
In the article titled “Building Incentives in Peer-
to-Peer Networks using Social Reciprocation”, 
discusses incentive protocols based on social 
norms to persuade cooperation and tone down 
free-riding to maintain the performance of P2P 
multimedia sharing applications. Social norms 
discussed in this paper consist of social strategy 
“reputation-based behavioral strategy” and 
peer’s reputation scheme. The article concludes 
that incentive protocol based on social norm 
outperforms traditional protocols such as Tit-for-
tat.  
 
Another important paradigm in networks is 

considered in the article titled “Fast Content-
Aware Delivery in Overlay Networks”. In this 
article, the authors describe the approach that 
they are following in the EU project COAST in 
order to face the increasing need for a content 
centric internet.  They aim to build a Future 
Content Centric Network (FCN) overlay 
architecture able to find the desired data in the 
closest networking cache and forward it to the 
users in an efficient, timely and network-friendly 
way.   
 
The next two articles present the two most 
advanced coding techniques for social/P2P 
networks. The article titled “Multiple 
Description Coding Based Video Streaming in 
Peer-to-Peer Networks” presents how Multiple 
Description Coding (MDC) can be applied to 
achieve robust and adaptive video streaming 
over P2P networks. This paper briefly revisits 
the advantages and challenges for video 
streaming in P2P networks with respect to MDC. 
They describe a packet scheduling framework 
for MDC video streaming. The next article 
“Adaptable Media Coding Techniques for 
Social/P2P Networks” presents an overview of 
Scalable Video Coding (SVC) with the 
perspective of content distribution over 
Social/P2P networks. These coding schemes 
provide natural robustness and scalability to 
media streaming over heterogeneous networks. 
The amalgamation of SVC and P2P are likely to 
accomplish some of the Future Media Internet 
challenges. A new piece picking policy and 
neighbour selection policy is also described in 
this article to achieve high QoE. 
 
The last article of this issue is “My Own, 
Personal Video Broadcast”. This paper explains 
the way in which personalized media distribution 
can be achieved in a cost effective way by 
exploiting the state-of-the-art technologies. The 
Two EU projects “My e-Director 2012” and 
“SARACEN” are explained as case study to get 
personalized media distribution in networking 
environment. 
 
I believe that this special issue, although ensuing 
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in presenting a preface to some important 
research areas in media distribution in social/P2P 
networks however it is a tip of an iceberg that 
presents a broad array of demanding and 
appealing problems. 
 
Finally, I would like to thank all the authors for 
their original contributions and anticipate these 
articles can encourage further research on the 
area and promote emerging technologies in this 
field. 
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With the explosion of communication technologies 
and multimedia signal processing, the sharing of 
multimedia content is becoming increasingly 
popular over the Internet. In particular, Peer-to-
Peer (P2P) multimedia applications represent a 
large majority of the traffic currently exchanged 
over the Internet. By pooling together the 
resources of many autonomous devices, P2P 
networks are able to provide a scalable and low-
cost platform for disseminating large files without 
relying on a centralized infrastructure Error! 
Reference source not found.0. Multimedia 
sharing systems that have been successfully 
developed for P2P networks are usually based on 
data-driven approaches 0,with different types of 
files beingdivided into chunks and then 
disseminated over the P2P network. Each peer 
possesses several chunks, which are shared among 
interested peers, and information about the 
availability of the chunks is periodically 
exchanged among peers through intermediate 
trackers. Using this information, peers 
continuously associate themselves with other peers 
and exchange chunks. 
 
While this approach has been successfully 
deployed in various applications over P2P 
networks, it is vulnerable to intrinsic incentive 
problems since the upload service incurs costs to 
both the uploader and the downloader, but benefits 
only the downloader 0. As contributing their 
contentdoes not generate direct benefit, peers tend 
to avoid uploading while trying to download 
content from other peers, a behavior commonly 
known as free-riding. 
 
Such studies demonstrate that designing incentive 
protocols to encourage cooperation and mitigate 
free-riding is crucial to maintain the performance 
of P2P multimedia sharing applications. To 
achieve this goal, a large body of research was 
dedicated to this area 00. Many of these existing 
mechanisms relyon game-theoretical approaches 
and can be classified into three categories: pricing, 
reciprocity and intervention000, as shown in 
Figure 1. As intervention requires centralized 
control of the system, it is not widely adopted in 
P2P networks and thus, we focus our discussion on 
pricing and reciprocity. 

 

 
Figure 1. Overview of incentives for P2P protocols 

 

Pricing mechanisms rely on implementing a 
currency-based system that is resistant to forgery 
and double-spending0. Peers are incentivized to 
share their content by rewarding them with virtual 
currency for uploading and charging them for 
downloading. However, such solutions are often 
very cumbersome to deploy because they require 
an accounting infrastructure to track the 
transactions of peers, which further necessitates 
the usage of public keys, a web of trust, or 
threshold cryptography techniques 0. Furthermore, 
these systems often deploy auctions to set the price, 
which may result in high delay and complexity in 
order to implement a desirable allocation. 
 
Another method for providing incentives is based 
on reciprocity, where the peers’ past reciprocative 
behavior (e.g. contributing content to other peers 
or not) is rewarded or punished in future 
interactions with the same or other peers. 
Differential service schemes are deployed in 
reciprocity-based protocols to determine how peers 
should make their upload decisions 0. Depending 
on how a peer’s rating is generated, reciprocity-
based protocols can be classified as direct 
reciprocity (also known as personal reciprocation) 
and indirect reciprocity (also referred to as societal 
reciprocation). 
 
In direct reciprocity, each peer rates a specific peer 
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individually 0,which requires frequent interactions 
between two peers in order to establish accurate 
mutual ratings.This is restrictivein P2P networks 
characterized by high churn or asymmetry of 
interests, where a peer normally interacts with a 
stranger (i.e. with whom it was randomly matched) 
about whom it has no prior history and with whom 
it has no expectation to meet again in the future. 
For example, the investigation in 0shows that over 
70% of P2P traffic is exchanged in networks with 
more than 1000 peers,which implies that a peer 
normally interacts with a stranger (i.e. with whom 
it was randomly matched) about whom it has no 
prior history and with whom it has no expectation 
to meet again in the future. Hence, protocols based 
on direct reciprocity such as Tit-for-Tat perform 
well only in networks dominated by long-lived 
relationships, where peers have ample 
opportunities to mutually reciprocate, and where 
peers are interested in similar content. 
 
Due to the random matching feature of large P2P 
networks, indirect reciprocity becomes a more 
appropriate mechanism in designing incentive 
protocols. Most protocols based on indirect 
reciprocity use reputation mechanisms 000. A peer 
is globally rated with a reputation calculated by its 
past behavior in the network. In order to make a 
decision, a peer does not need to know the entire 
action history but the reputation of its opponent. 
However, the majority of existing works on P2P 
reputation mechanisms are concerned with system 
design issues and focus on effective information 
gathering techniques which only differ in how the 
global reputation is calculated and propagated, e.g. 
efficient information aggregation 0, secure peer 
identification 0, etc. An analytical framework that 
is able to rigorously study how peers can be 
incentivized to cooperate in P2P networks and 
what is the resulting impact on the network 
performance when various reputation mechanisms 
are deployed, is still missing. 
 
In this respect, we introducean analytical 
framework based on social norms that is able to 
rigorously study how peers can be incentivized to 
cooperate in P2P multimedia sharing services with 
a large population of anonymous peers Error! 
Reference source not found..In an incentive 
scheme based on a social norm, each individual is 
attached a label indicating its reputation, which 
contains information about its past behavior, and 
individuals with different reputations are treated 
differently by other individuals they interact with. 
Hence, a social norm can be easily adopted in 
social communities with an infrastructure that 

collects, processes, and delivers information about 
individuals’ behaviour00. Meanwhile, we also 
consider the following unique features and 
constraints of P2P multimedia sharing services 
which will be described in detail later. 
 
• Asymmetry of interests among peers.  
• Serviceerrors.  
• Altruistic peers and malicious peers. 
 
We consider multimedia sharing applications in 
which peers would like to associate themselves 
with other peers that possess media content in 
which they are interested. The shared media 
content is coded and divided into media chunks by 
the content creator. Each peer would like to 
maximize its long-term benefit from downloading 
content from other peers while minimizing its 
consumption on service costs by uploading its own 
content to others. In multimedia sharing 
applications with large populations, peers are 
interested in very diverse content. The traditional 
analysis on P2P incentive protocols does not 
consider such diversity in peers’ interests by 
modelling the interests of a pair of matched peers 
as mutual and homogeneous. Hence, traditional 
P2P protocols fail easily in providing incentive to 
a peer to uploadcontent to a requesting peer if 
itpossesses no content which is interested by this 
peer. Different from this,we explicitly 
accommodate in our framework the fact that the 
peers’ interests are asymmetric, andmodel the 
interaction between a pair of matched peers as a 
gift-giving game.An example of a gift-giving game 
is shown in Table 1. When the peer being 
requested choose to provide the uploading service 
to the requesting peer, it consumes a service cost 
of c  while the requesting peer receives a benefit 
of r ; when the peer being requested refuse to 
provide the uploading service, both peers receive a 
utility of 0. 
 

 Requested peer 
 Serve   Not Serve  

Requesting 
peer 

r , 
c-  0 , 0  

 

Table 1. The utility matrix of a gift-giving game 
 

Formally, a social norm consists of a social 
strategy and a reputation scheme. The social 
strategy is a reputation-based behavioral strategy, 
which regulates the service behaviour of a peer to 
other peers requesting its content. The reputation 
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scheme specifies how a peer’s reputation will be 
updated depending on its past behavior. A peer’s 
reputation will be increased if it complied with the 
social strategy in the past, and will be decreased if 
it deviated from the social strategy. Different from 
traditional P2P incentive protocols such as Tit-for-
Tat,the social norm framework provides different 
levels of rewards and punishments to peers with 
different contributions to the network.This enables 
the protocol designer to design more sophisticated 
incentive protocols which can significantly 
improve peers’ incentives to voluntarily 
contributing their content and hence the sharing 
efficiency of the entire networkError! Reference 
source not found.. This is especially important in 
multimedia applications since the shared data is 
usually heterogeneous (e.g. different chunks have 
different video distortion impactwhen using a 
scalable video coder and different delay 
constraints). 
 
The existing P2P incentive protocol alsorarely 
considers thatnetwork errors may affect the 
interactions between peers. This is an idealized 
assumption which is hard to realize in practical 
networks. The prevailing protocols such as Tit-for-
Tat fails when errors take place during the 
transmissions between peers and the sharing 
efficiency of the network will be severely 
degraded. In contrast, we explicitly takes into 
consideration that the exchange of chunks between 
peersmay be subject to service errors and designs 
protocols which enables peers to quickly re-
coordinated to the cooperation phase, thereby 
increasing the resilience of such sharing 
applications00. 
 
We also investigate the impact of the presence 
ofhelpers, which are altruistic peers whichalways 
provide upload services to other peers, such as 
seeds, as well as malicious peers who upload 
corrupted data to others. By investigating the 
impact of such non-reciprocative peers and 
adjusting the design of the social strategy as well 
as the reputation scheme, the resulting protocol 
could retain peers’ incentives for cooperation and 
the sharing efficiency from being degraded.  
When applied to P2P multimedia sharing 
applications, our experiments showthat the social 
norm based incentive protocols exhibit 
significantly higher PSNR than traditional 
protocols such as Tit-for-Tat Error! Reference 
source not found.. In Figure 2, we explicitly 
compare the average PSNR of the decoded video 
among all peers using different protocols. The 
exchanged video content is the well-known 

“Foreman” sequenceencoded using H.264/AVC 
codec and divided into chunks of 0.1s.The 
following four protocols are considered: 
 
• Optimal cooperation: all peers cooperate 

unconditionally without considering the 
incentive constraints. Since all peers provide 
full services, the performance it delivers 
remains to be constant and serves as the 
Pareto boundary of the performance that an 
incentive protocol can possibly achieve. 

• Optimal social norm equilibrium: the social 
strategy and the reputation scheme are 
optimized to maximize the social welfare 
while all peers have the incentive to follow the 
resulting social norm. 

• A fixed social norm with the social strategy 
being threshold-based Error! Reference 
source not found.. 

• Tit-for-Tat  
 
When the service cost c becomes large compared 
to the service benefit r , peers lose their incentives 
to follow Tit-for-Tat and do not mutually provide 
upload services at all. However, the social norm 
based protocols can still provide sufficient 
incentives for peers to mutually cooperate, 
whichleads to significant improvements in terms 
of PSNR. 
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Figure 2. The PSNR of different protocols 
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1. Motivation and goals 
The explosion of content published on the web 
poses two types of problems. The first is at the 
search level: how can a user find the content that 
s/he is looking for? The second is at the 
networking level: how can this content be 
accessed/ streamed quickly?  
 
On searching, the huge number of content 
requires rethinking the architecture of the search 
engines. Today, for performance reasons, search 
engines are centralized and new data centers are 
full replicas of existing ones. This is obviously 
not scalable, especially as the overall number of 
items to be crawled and indexed grows. 
Distributed architectures for search engines are 
studied in [1] and further considered in [2].  
 
On networking, it must be noted that the Internet 
architecture is designed considering an endpoint-
based communication model. Every packet 
should have the addresses of two endpoints 
(source and destination) to support host-to-host 
applications. However, recent traffic 
measurements reveal that more and more 
applications are oblivious to the addresses of the 
servers who deliver the contents. This trend has 
motivated content-oriented networking studies 
(e.g. DONA [3], CCNx[4]) 
 
The proposed content-aware delivery network 
(CADN) can be envisioned as an overlay over 
one or multiple underlying access or core 
networks. One of our major requirements is to 
implement network architecture and the relevant 
functional blocks that will be able to take 
advantage of the Content Centric Networks 
(CCN) developments, but also keep backwards 
compatibility and key issues that made IP the 
greatest networking success for the last 25 years. 
 
2. CADN Architecture 
The proposed CADN architecture consists of 
three logical/abstract overlays (Figure 1). The 
main components/modules at each overlay are: 
 
At the Information Overlay: 

• Search Engine: It discovers and indexes the 
content and the services, processes the queries 
from the users and returns relevant results 
ordered according to several criteria. 

• Publishing Front-end: Besides automatic 
crawling, this module enables manual 
publication of content. This functionality may 
be co-located at the Content overlay Entry 
Point (CEP).  

• Cache Locator: It is contacted in order to 
retrieve an object and redirects the request to 
the “best” 1

• Cache Optimizer (CO): It supports caches in 
deciding which object they should store or 
evict. Coordinating optimizers may offer a 
distributed cache replication schema. It may be 
a distributed functionality, co-located at CEPs.  

 cache node containing a cached 
replica of the object. In order to make that 
decision, it may (periodically) communicate 
with the network monitor entity. It may be co-
located at CEPs. 

 
Figure 1: CADN functional architecture 

• Network/Traffic Monitor: It is responsible for 
gathering all network related information: 
topology, traffic, characteristics of the user 
Internet access and optionally user location. It 

                                                
1  “Best” is defined based on the perceived 
Quality of Service (PQoS) of the user. 
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may be a variation of an IETF ALTO [5] server 
or communicate with/supported by external 
traffic and network optimizer servers. It may 
also supported by Deep Packet Inspection 
(DPI). 

   
At the Distributed Content/Services Aware 
Overlay, we define Content Aware Nodes 
(CN), which may include subsets of the 
following functionality: 

• DPI: It contributes to the discovery of content 
and services. Moreover, it generates 
information on content popularity and reports 
that to the Search Engine.  

• Distributed Caching: It is responsible for 
content caching and caching replacement in 
collaboration with the CO and access control. 

• Adaptation & Enrichment Engine: It is 
responsible for content adaptation, enrichment 
and efficient delivery. 

• Hybrid Router: It is responsible for the 
content centric delivery, IP acceleration and 
efficient content streaming (including P2P 
overlays creation). 

 
Finally, the entry points to the proposed CADN 
overlay network are the Content Overlay Entry 
Points (CEP). A CEP may be physically hosted 
at a local router or a Residential Gateway. CEPs 
are also responsible for seamless operation and 
optimal content fetching and streaming; 
information overlay functionality may be co-
located/ hosted by the CEPs. Collaborating CEPs 
(e.g. linked via DHTs) may offer a distributed 
Tier 0 caching functionality, while collaborating 
CNs a Tier 1 caching overlay. 
 
3. Content ULR (CURL) 
In the above CADN, we assign a unique ID (UID) 
to each content object. Based on that UID, fast 
retrieval may be achieved by a direct index to the 
content (or a content object replica cached in the 
CADN caching overlays). However, the 
proposed schema should: 

a) Avoid extended data replications at the 
network caches and minimize the Content 
Optimizer load.  

b) Detect and retrieve very fast the UID at CEP 
level. This should be fast enough to allow 
even seamless real-time video streaming 

c) Be backwards compatible with todays’ URLs. 

 In order to meet the (a), UID should be always 
associated with the content object itself (e.g. 
encapsulated in the object) or be based on unique 
characteristics of the content object (e.g. a set of 
low level descriptors). However, (b), poses that 
this could be calculated once (or sometimes), but 
should not be calculated or generated each time 
the object is requested; instead it should be 
“carried” and “extracted” in most cases. On the 
other hand, due to backwards compatibility 
needs (c), we should not change the standard file 
format (e.g. we could not encapsulate UID or 
low level descriptor in the content object). One 
solution could be to create a wrapper that would 
encapsulate the UID whenever the content object 
enters the CADN and extracts that at the time 
that the content object leaves the CADN, but this 
would increase the complexity and processing 
time. 
 
Instead, we propose to use as UID a formal file 
name format. UID will be a string concatenation 
in the format: 
 
CM-CID-filename.ext  
 
where:  

• CM is a “Content Marker” e.g. COAST-
248036 2

• CID is a content signature, which could be a 
self-certifying identifier e.g. MD5 or SHA-1 
based-hash function on the file's content or 
even a combination of searchable low level 
descriptors.  

, which guarantees an easy and fast 
detection that this name is a UID 

• the original filename, which is used for making 
UID easily recognized by humans and avoid 
complex self-certifying names [6]. 

 
Whenever a user publishes new content, the 
Publishing front end will convert the object 
filename to a UID and the URL to a Content 
URL (CURL) with the following format: 
 
http://www. website.com/…/CM-CID-filename.ext 
 
The CURL is a URI, which is designed to enable 
caching mechanisms and trigger CADN-related 
functionality (e.g. accessing the CADN overlay 
network and querying for locally or “nearby” 
cached content). It should also be emphasized 

                                                
2 The idea is based on project COAST. It may be 
replace by any “magic word”. 
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that from the CURL, the original URL and the 
UID may be easily extracted, while on the other 
hand it is fully backwards compatible with 
existing browsers and no modifications are 
needed. In this way, we may seamlessly support 
any kind of data available in the Internet (text, 
images, various types of audio or video), while 
in case the content object is not cached in the 
CADN, we can always go back to the original 
source URL. 
   
The CID is based on physical characteristics of 
the content object. Thus, it may guarantee that 
content caching replications in the CADN will 
be minimal (even if the names are different). 
Moreover, it may always be verified that the 
requested content objects is the one that was 
actually retrieved. Last but not least, it offers a 
simple content protection mechanism, even if the 
content is renamed.  
  
One could argue that CURLs are still not very 
user friendly due to the CID contained in the 
UID. Yet, this can be easily overcome by using 
both legacy URLs when the users refer to a Web 
page (e.g. http://www.coast.eu/my_picture.jpg) 
and CURLs for a given web page or resource. 
For direct retrieval of content, the search engine 
results may be displayed as normal URL, while 
hiding the relative CURL as hyperlink.  
 
4. CURLs for fast video streaming 
Besides fast retrieval of individual content 
objects (e.g. a single picture) or sets of content 
objects with loose synchronization constrains 
(e.g. pictures on a web page), the efficiency of 
the CURLs may be especially illustrated 
considering the case of video streaming. Recent 
technologies for real time video delivery 
leverage on the possibility to split the content in 
multiple segments that can be downloaded 
independently and played in sequence order by a 
client application; plain HTTP protocol is used 
to access and retrieve data segments. In case the 
video source is available at different bitrates, or 
encoded in a layered format (using advanced 
video coding standard such as Scalable Video 
Coding-SVC or MultiView Video Coding-MVC), 
the client application can dynamically decide to 
switch the bit-rate in order to guarantee 
continuity of service in case of network 
congestion.  Such technologies, generally known 
as Adaptive HTTP Streaming, have been widely 
considered in both commercial solutions and 
standardization bodies.Within CADN 
architecture data segments belonging to different 

views/ resolutions may be cached and distributed 
separately through different nodes and caches, 
accelerating video delivery and improving the 
perceived quality for the user.  
 
The composition of the content in term of data 
segments as well as the length and the location 
of each segment are usually described in a 
manifest  file transmitted to users beforehand, 
and updated during the streaming session. In 
particular, 3rd Generation Partnership Project 
(3GPP)-Adaptive HTTP streaming (AHS) 
solution [7], and emerging MPEG-Dynamic 
Adaptive Streaming over HTTP (DASH) [8] 
standard proposal, define an xml basedMedia 
Presentation Description (MPD) file, in which 
each segment is identified by a different URL. A 
streaming client application compliant with 
3GPP/DASH specification can interpret MPD 
file, download and play the content. When 
streaming services are offered  through CADN 
architecture, URLs in MPD are substituted by 
CURLs, as depicted in figure 2, where 
“COAST248036” is used as CM. In this way 
segments are efficiently retrieved through 
Content/Service Distributed Overlay, leveraging 
of caching optimizations provided by content 
aware nodes.   In case of a standard web browser 
or if a CEP does not exist, the segments will be 
retrieved directly from the original web server 
using MPD version containing  normal URLs 
 

 
Figure 2: MPD file embedding CURLS 
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1. Video streaming in P2P networks 
The majority of video streaming applications 
involve distributing video from a source server 
to many clients. Lack of widespread support of 
IP multicast limits the basic solution of video 
streaming to the traditional client-server model 
[1], in which each client sets up a connection 
with the server to receive a specific video. A 
server unicasts the video to individual clients, 
even if all these clients are requesting the same 
video. The client-server model works well with a 
reasonable number of users. However, during 
some special events, flash crowds easily 
overwhelm or even crash the video server, which 
results in a scalability problem [2].  
 
To solve such a problem, peer-to-peer (P2P) 
technology is becoming a popular solution. In 
P2P networks, a client not only serves as a 
receiver downloading packets from the server or 
peer nodes, but also plays the role of a supplier 
uploading the downloaded packets to other peer 
nodes. In such systems, a peer node downloads 
the entire video content using sub-bitstreams 
transmitted by the server and multiple peers, 
instead of relying on a dedicated server. 
Consequently, the resources of individual peer 
nodes are efficiently utilized and the burden of 
server node is alleviated. The system capacity 
grows as more peers join the network, which 
solves the scalability problem of traditional 
client-server model in a cost-effective way. 
 
Although P2P technology provides a favorable 
solution for video streaming, some inherent 
characteristics of P2P networks also pose 
considerable technical challenges. Video 
streaming services are delay sensitive, and they 
demand huge network bandwidth. Meanwhile, 
P2P networks are dynamic, and peer nodes may 
leave or join the network at any time. In addition, 
peer nodes may be heterogeneous with various 
resources. For example, some may not have 
sufficient access bandwidth to support video 
streaming. To ensure good visual quality, P2P 
video streaming systems have to be error 
resilient and supportive to the dynamic and 
heterogeneous nature of P2P environments. Thus, 
it remains a challenging issue to efficiently 

utilize and manage the resources of peer nodes. 
2. MD coded P2P video streaming 
Among error resilient encoding techniques, 
multiple description coding (MD coding or MDC) 
[3] is a promising one to combat transmission 
errors by generating different encoded versions 
for the same video source. Each version is 
referred to as a description and transmitted 
separately over unreliable networks. Individual 
description is decodable, and reconstructed 
quality can be refined as the number of received 
descriptions increases. Thus MDC offers 
robustness to description/packet loss over 
unreliable P2P networks.  
 
Tree-based P2P system CoopNet in [1] was the 
first to use MDC to introduce redundancy in the 
transmitted video content and strip them over 
multiple distribution trees like that in the 
SplitStream system [4]. Each peer receives the 
substreams over a diverse set of paths. In case of 
partial node failures, it is highly likely that the 
normal peer nodes will continue to receive the 
majority of the descriptions and hence be able to 
decode a video of reasonable quality. Similar to 
CoopNet, many other researchers advocate the 
use of transmitting MD coded videos over 
multiple application-layer multicast trees [5-7] 
and delivering MD coded videos from multiple 
peers in mesh-based systems [8, 9].  
 
The problem of heterogeneity of peer nodes can 
also be addressed by MDC. For peer nodes with 
varying downloading bandwidth, MDC offers a 
great flexibility for P2P video streaming by 
utilizing unbalanced MDC [10] and designing an 
MD coding framework [8] that can adjust MDC 
design parameters including the number of 
descriptions, the encoding rate and the 
redundancy level of each description on the fly. 
To support dynamic bandwidth heterogeneity 
due to a time-varying traffic congestion, a 
bandwidth adaptation protocol is designed in [11] 
for MD coded video streaming system CoopNet. 
To accommodate heterogeneous users with 
different channel conditions, a scalable FEC-
based MDC packetization scheme is proposed in 
[12], where a peer node repacks according to the 
estimated network condition of its children nodes.  
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Furthermore, MDC can be utilized to address the 
incentive problem for peers' contribution to the 
whole P2P network as well [9], [13].  
 
3. MDC packet scheduling for P2P video 
streaming 
As aforementioned, MD coded video streaming 
offers a good alternative for robust video 
streaming over unreliable P2P networks. 
However, the varying downloading bandwidth 
and uploading bandwidth impose additional 
challenges. On one hand, the limited 
downloading bandwidth of a peer node may only 
enable the downloading of a portion of the 
transmitted packets. On the other hand, as the 
uploading bandwidth of a single peer node is 
generally insufficient to support delivery of all 
the packets, the receiver peer has to request 
video packets from multiple peer nodes. 
Therefore, mechanisms are needed to efficiently 
manage and coordinate limited resources in the 
dynamic and unreliable P2P environments. 
 
Different from those aforementioned works, our 
recent work focuses on MDC packet scheduling 
in P2P networks. In our work, we assume the 
bottleneck of the system is the limited 
downloading bandwidth of peer nodes. A new 
packet scheduling framework is formulated for 
receiver-driven MD coded video streaming.  The 
framework generates a schedule for fetching the 
expected packets from its supplier peer nodes, 
based on the information collected from these 
nodes, in two steps: (1) packet selection and (2) 
peer node selection.  The proposed packet 
scheduling framework includes: (i) a rate-
distortion optimized packet selection scheme that 
minimizes the expected distortion subject to 
limited downloading bandwidth; (ii) a rate-
distortion based prioritized peer selection scheme 
that chooses an appropriate peer node for each of 
the selected packets. 
 
MDC packet skipping or selection is to minimize 
the distortion caused by the skipped packets 
while meeting the constraint of limited 
bandwidth. This can be cast as a type of classical 
knapsack problem in combinational optimization.  
Accordingly a prioritized peer selection scheme 
is employed to choose an appropriate peer node 
for each of the selected packets. We sort these 
MDC packets in decreasing order using the ratio 
of distortion reduction to packet size, and then 
take turn to select peer node for these packets, 
taking into account varying uploading bandwidth, 

data availability and heterogeneous link 
conditions of peer nodes.  
In Fig. 1, the proposed MDC scheduling scheme is 
compared with other existing packet selection 
and peer selection approaches as well as their 
different combinations in downloading the 
Foreman CIF video sequence. Specifically, we 
consider the following testing schemes: (i) 
random packet skipping/selection plus the 
proposed peer selection; (ii) the proposed packet 
selection plus random peer selection; (iii) the 
rarest-first packet selection in [15] plus the 
proposed peer selection. More simulation results 
are provided in [16]. 
 

Figure 1: Performance comparison of the proposed 
scheduling scheme against other packet selection 
and peer selection counterparts. 
 
4. Conclusion 
This letter briefly revisits the advantages and 
challenges for video streaming in P2P networks, 
and discusses how MDC can be applied to 
achieve robust and adaptive video streaming 
over P2P networks. We also describe a packet 
scheduling framework for MDC video streaming. 
In the proposed scheduling framework, a rate-
distortion optimized packet selection scheme is 
developed, followed by a rate-distortion based 
prioritized peer selection scheme.  
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1. Introduction 
Future Media Internet will necessitate dispensing 
high quality multimedia contents in an efficient, 
supple and personalized way through dynamic and 
heterogeneous environments. Multimedia content 
over internet are becoming a well-liked application 
due to users' growing demand of multimedia 
content and extraordinary growth of network 
technologies. A broad assortment of such 
applications can be found in these days, e.g. as 
video streaming, video conferencing, surveillance, 
broadcast, e-learning and storage. In particular for 
video streaming, over the Internet are becoming 
popular due to the widespread deployment of 
broadband access. In customary video streaming 
techniques the client-server model and the usage of 
Content Distribution Networks (CDN) along with 
IP multicast were the most desirable solutions to 
support media streaming over internet. However, 
the conventional client/server architecture severely 
limits the number of simultaneous users for 
bandwidth intensive video streaming, due to a 
bandwidth bottleneck at the server side from which 
all users request the content. In contrast, Peer-to-
Peer (P2P) media streaming protocols, motivated 
by the great success of file sharing applications, 
have attracted a lot of interest in academic and 
industrial environments. With respect to 
conventional approaches, a major advantage in 
using P2P is that each peer involved in a content 
delivery contributes with its own resources to the 
streaming session. However, to provide high 
quality of service, the video coding/transmission 
technology needs to be able to cope with varying 
bandwidth capacities inherent to P2P systems and 
end-user characteristics such as decoding and 
display capabilities usually tend to be non-
homogeneous and dynamic. This means that the 
content needs to be delivered in different formats 
simultaneously to different users according to their 
capabilities and limitations. 
 
In order to handle such obscurity, scalability 
emerged in the field of video coding in the form of 
Scalable Video Coding (SVC) [1–4] and Multiple 
Description Coding (MDC) [5-6]. Both SVC and 
MDC offers an efficient encoding for applications 
where content needs to be transmitted to many 
non-homogeneous clients with different decoding 

and display capabilities. 
 
Moreover, the bit-rate adaptability inherent in the 
scalable codec designs provides a natural and 
efficient way of adaptive content distribution 
according to changes in network conditions. 
 
In general, a SVC sequence can be adapted in 
three dimensions, namely, temporal, spatial and 
quality dimensions, by leaving out parts of the 
encoded bit-stream, thus reducing the bit-rate and 
video quality during transmission. By adjusting 
one or more of the scalability options, the SVC 
scheme allows flexibility and adaptability of video 
transmission over resource-constrained networks. 
 
 The eventual objective of employing SVC/MDC 
in social/P2P is to maximize the end-users' quality 
of experience (QoE) for the delivered multimedia 
content by selecting an appropriate combination of 
the temporal, spatial and quality parameters for 
each client according to the limitation of  network 
and end user devices .  
 
2. Scalable Video Coding 
During the last decade a noteworthy amount of 
research has been devoted to scalable video coding 
with the aspire of developing the technology that 
would offer a low-complexity video adaptation, 
but preserve the analogous compression efficiency 
and decoding complexity to those of conventional 
(non-scalable) video coding systems. This research 
evolved from two main branches of conventional 
video coding: 3D wavelet [1] and hybrid video 
coding [2] techniques. Although some of the 
earlier video standards, such as H.262 / MPEG-2 
[3], H.263+ and MPEG-4 Part 2 included limited 
support for scalability, the use of scalability in 
these solutions came at the significant increase in 
the decoder complexity and / or loss in coding 
efficiency. The latest video coding standard, 
H.264 / MPEG-4 AVC [2] provides a fully 
scalable extension, SVC, which achieves 
significant compression gain and complexity 
reduction when scalability is sought, compared to 
the previous video coding standards. 
 
The scalability is usually required in three different 
directions (and their combinations). We define 
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these directions of scalability as follows: 
1. Temporal scalability refers to the possibility of 
reducing the temporal resolution of encoded video 
directly from the compressed bit-stream, i.e. 
number of frames contained in one second of the 
video.  
2. Spatial scalability refers to the possibility of 
reducing the spatial resolution of the encoded 
video directly from the compressed bit-stream, i.e. 
number of pixels per spatial region in a video 
frame.  
3. Quality scalability, or commonly called SNR 
(Signal-to-Noise-Ratio) scalability, or fidelity 
scalability, refers to the possibility of reducing the 
quality of the encoded video. This is achieved by 
extraction and decoding of coarsely quantised 
pixels from the compressed bit-stream. 

 
Figure 5: A typical scalable video coding chain 
and types of scalabilities by going to lower-rate 

decoding. 
An example of basic scalabilities is illustrated in 
Figure 5, which shows a typical SVC encoding, 
extraction and decoding chain. The video is 
encoded at the highest spatio-temporal resolution 
and quality. After encoding, the video is organised 
into a scalable bit-stream and the associated bit-
stream description is created. This description 
indicates positions of bit-stream portions that 
represent various spatio-temporal resolutions and 
qualities. The encoder is the most complex 
between the three modules. The compressed video 
is adapted to a lower spatio-temporal resolution 
and / or quality by the extractor. The extractor 
simply parses the bit-stream and decides which 
portions of the bit-stream to keep and which to 
discard, according to the input adaptation 
parameters. An adapted bit-stream is also scalable 
and thus it can be fed into the extractor again, if 
further adaptation is required. The extractor 
represents the least complex part of the chain, as 
its only role is to provide low-complexity content 
adaptation without transcoding. Finally, an adapted 
bit-stream is sent to the decoder, which is capable 
of decoding any adapted scalable video bit-stream. 
 
3. Scalable Video over P2P network  
The proposed system is based on two main 

modules: scalable video coding and the P2P 
architecture. In this system, we assume that each 
peer contains the scalable video coder and the 
proposed policy of receiving chunk is to make sure 
that each peer at least receives the base layer of the 
scalable bit-stream for each group of picture 
(GOP). Under these circumstances, peers could 
download different layers from different users, as 
shown in Figure 2.  
  

 
 
Figure 2: An example of the proposed system for 

scalable video coding in P2P network. 
 
In this section, we formulate how the scalable 
layers are prioritized in our proposed system. First 
we explain how the video segments or chunks are 
arranged and prioritized in our proposed system   
 
3.1 Piece picking policy 
The proposed solution is a variation of the "Give-
To-Get" algorithm [8], already implemented in 
Tribler. Modifications concern the piece picking 
and neighbour selection policies. Scalable video 
sequences can be split into GOPs and layers [7] 
while BitTorrent splits files into pieces. Since 
there is no correlation between these two divisions, 
some information is required to map GOPs and 
layers into pieces and vice versa. This information 
can be stored inside an index file, which should be 
transmitted together with the video sequence. 
Therefore, the first step consists of creating a new 
torrent that contains both files. It is clear that the 
index file should have the highest priority and 
therefore should be downloaded first. Once the 
index file is completed, it is opened and 
information about offsets of different GOPs and 
layers in the video sequence is extracted.  
The detail of modified piece picking policy can be 
found in [7]. Another issue is the wise choice of 
the neighbours. 
 
3.2 Neighbour selection policy 
It is extremely important that at least the base layer 
of each GOP is received before the window shifts. 
Occasionally, slow peers in the swarm (or slow 
neighbours) might delay the receiving of a BT 
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piece, even if the overall download bandwidth is 
high. This problem is critical if the requested piece 
belongs to the base layer, as it might force the 
playback to pause. Therefore, these pieces should 
be requested from good neighbours. Good 
neighbours are those peers that own the piece with 
the highest download rates, which alone could 
provide the current peer with a transfer rate that is 
above a certain threshold [9].  
 
4. Conclusions 
This E-letter has presented an overview of SVC 
with the perspective of content distribution over 
Social/P2P networks. These coding schemes 
provide natural robustness and scalability to media 
streaming over heterogeneous networks. The 
amalgamation of SVC and P2P are likely to 
accomplish some of the Future Media Internet 
challenges. Tangibly, SVC over P2P presumes an 
excellent approach to facilitate future media 
applications and services, functioning under 
assorted and vibrant environments while 
maximizing not only Quality of Service (QoS) but 
also Quality of Experience (QoE) of the users.  
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1. Introduction 
In the last years, multimedia consumption and 
distribution between internet users is highly 
increasing from day to day. Moreover, Internet 
traffic is dominated by peer to peer systems and 
the exchange of multimedia and all kinds of 
information over a variety of P2P platforms and 
protocols (BitTorrent, e.a.). On the other edge 
platforms such as Youtubeleading to take over the 
multimedia industry of uploading and sharing 
video in contradiction to peer to peer systems. 
Social Networking is also taking from time to time 
an importantly increasing place in multimedia 
distribution in everyday usage. 
 
According to Nielsen’s latest Quarterly Report [1], 
today’s consumers watch more video, across time 
and place than ever before. Indicatively, the 
mobile video audience increases by 51,2% year 
over year and  has reached the 20 million users for 
the first time. Moreover, the proliferation of 
broadband internet access, with high-speed 
connections that improve online video, has reached 
the 63.5% of homes in USA, while 52.7% of them 
now are equipped with HDTVs. 
 
All the above, along with the bolstering Video-on-
Demand consumption (timeshifting audience 
increased by 14%) has lead to a strong research 
interest on efforts to provide higher levels of 
personalized video viewing. Simultaneously, 
mobile tablet devices usage in accessing the 
internet continues to proliferate (versus PCs, 
laptops and netbooks). Smartphones penetration is 
detected to the 38% of households this year while 
new multimedia devices like Apple’s iPad,create 
additional expectations in media consumption 
demand increment.Therefore, consumers don’t end 
up the usage of any multimedia device. In contrast, 
what is detected is a strong demand of watching 
and sharing non-stop video simply by shifting 
devices according to where they are. 
 
Personalisation owns also a highly important place 
is this increasing consumption. Users are 
demanding of sophisticated and added value 
multimedia services that will offer them new 

personalised viewing experiences where they will 
be strongly involved. 
 
2. Supporting InteractivityAndPersonalisation 
Following the issue of highly demand on 
personalisation, sophisticated mechanisms of 
tagging and annotation [2] have been created in 
order to provide enhanced personalised services of 
high Quality of Experience (QoE) [3]. Moreover, 
new broadcasting network technologies have been 
used to enhance the viewing experience. Seamless 
bitrate switching, transparent transitions and 
mobility between access network technologies 
during media streaming and automatic, context-
aware adaptation of transmission parameters are 
characteristic examples of those techniques. 
 
In the scope to also provide a better experience 
strong effort was spent on managing the 
multimedia transmitted content. Advanced 
image/video annotation and characterization 
mechanisms were applied to facilitate the 
automatic (even for live content) annotation of 
multimedia content so that truly personalized 
media streaming can be offered, based on the 
matching of user selections to content 
characterisation. In the following sections, we will 
describe the way in which personalised media 
distribution in a cost effective way can be achieved, 
through the deployment of state of the art 
technologies, as these are used in the context of 
two EU research projects: My e-Director 2012 and 
SARACEN (“Socially Aware, collaboRative, 
scalable Coding mEdiadistributioN.” ). 
 
2.1 My e-Director 2012approach 
The My e-Director 2012[4] platform is a web-
based platform created to provide high quality 
personalised viewing experience of athletic 
events.My e-Director 2012 platform aims to act as 
a ‘personal director’ tailoring itself to each user, 
based on stipulated preferences. It is focusing on 
recording and using user preferences to offer 
recommendations to users about better camera 
views that should interest them, whilst permitting 
them to interactively tailor their viewing 
experience, offering them in addition to DVR-like 
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controls, extra features such as smart-zooming to 
focus on areas of interest.  

 
Figure 1.General platform architecture 
overview  
The major challenge posed is the provision of such 
features utilising automatically extracted metadata 
for live coverage of parallel events.   
My e-Director 2012 is using techniques of 
automatic visual scene understanding and 
annotation. Specific sub modules within the 
Content Distribution Subsystem receive the raw 
video streams, the generated metadata stream and 
the recommendation information in order to 
generate final ‘edited’ video streams that are 
delivered to the user (together with 
recommendations). 
 
2.2. SARACENapproach 
SARACEN[5] project addresses two issues that 
have strongly affected the recent research efforts: 
the distribution of scalable coded media and the 
use of peer to peer architectures in order to deliver 
streaming media 
 
The SARACEN P2P System Architecture concept 
follows a layered approach with two fundamental 
interfaces: 
-Interface between the bearer Network and the P2P 
system: derived from the OSI reference model, 
providing bidirectional transport and 
measurements of connection to peers in order to 
optimize the transport. 
-Interface between the P2P system and the P2P-
enabled device: providing the functions to render 
the contents and process metadata in metadata 
repository. 
 
In particular, the SARACEN system creates an 
enhanced protocol suite that will enable peers to 
request/exchange different layers of a scalable 
video stream, or different descriptions. 
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Figure 2. Architecture of the SARACEN P2P 
Platform for an MDC scenario 
In general, the platform is taking advantage of P2P 
technologies for the efficient distribution of 
multimedia content, scalable coding techniques for 
addressing QoE issues and social networking for 
providing context aware content access and 
distribution. 
 
3. Added Value through the Combination of 
P2P And Personalization P2P  
Following the concept and architecture of My e-
Director 2012 and SARACEN, we will try to 
combine the ideas and functionalities offered by 
the two platforms in a unified architecture that is 
capable of providing interactivity, personalisation 
and efficiency through the use of P2P. This would 
be particularly interesting for the coverage of 
multi-camera, multi-event broadcasts on a world 
wide range, such as Olympic games in an efficient 
and cost effective manner. In such cases, there are 
always cases of events that are of limited interest 
to the global community but of particular interest 
to specific groups of viewers: take for example the 
case of a heavyweight final in boxing between 
Greece and Turkey, taking place in parallel with 
the final of 800 meters of men. Much as the second 
event would be of interest to the general viewers of 
the games, the first one would interest Greek and 
Turkish viewers, especially those that are interest 
in the sport. Taking into account that there are 
large Greek and Turkish communities in several 
countries (USA, Germany), there would be interest 
for added value services to be provided to these 
users. Internet and the technologies presented 
earlier as regards personalisation, adaptation and 
interactivity provide an excellent framework over 
which coverage of the event could be based.  
 
In this, the innovative techniques used on the two 
other projects could be combined. More 
specifically, the coverage of the event could be 
supported in a cost efficient way, using P2P 
technologies, thus eliminating the need for 
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reserving excessive bandwidth. Taking into 
account that interest to the particular event is 
higher in particular geographic areas (countries of 
thecontestants and places with large national 
communities from the two countries), a P2P 
distribution could also benefit from this, while 
bandwidth consumption from the origin of the 
transmission to these countries could be minimized. 
Another advantage could come out of the use of 
the power of social networking, that could assist 
even further the organisation of P2P distribution 
network, through the introduction of user profiles 
in the P2P distribution scheme, so as to be used in 
the selection of peers, but more importantly, in the 
personalisation of the coverage of the event. Here, 
the profiles of the users could be used in order to 
group them into clusters of similar profiles. For 
each group, a virtual profile corresponding to an 
average or characteristic user can be extracted, 
based on the use of the appropriate clustering 
method, selected out of the techniques proposed in 
the global bibliography [6]. 
 
A separate channel could be set up for each profile, 
following different coverage of the event in terms 
of selected camera, statistics and commentary. The 
selection of the number of different groups could 
be based on the availability of resources, while the 
formation of the virtual profiles can be based on 
the maximization of interests' commonalities 
between users [7].  
 
The proposed architecture, makes use of the 
existing camera feeds, that can be directly 
formatted into streams (the number of which can 
be defined through the availability of resources in 
terms of bandwidth and processing power in the 
servers), while there is no need for director, as the 
recommendations coming from the annotation (in 
real time) of the broadcasted content, combined 
with the virtual profiles for each group can be 
combined in order to select the most appropriate 
camera and accompanying information (i.e. 
statistics) to be streamed to the users belonging in 
each profile group. Streaming is based on P2P 
delivery of the stream to the participants of each 
group, while the content of the stream is 
dynamically formed so as to best match the 
preferences of the Virtual profile corresponding to 
each group. 
 

 
Figure 3.Combination of personalization 
mechanisms through user profiles and P2P 
media distribution. 
The architecture follows a minimalistic approach, 
in which the use of technologies for 
personalization and P2P distribution has been 
made having in mind the ability to support the 
corresponding service over a wide set of platforms 
and terminal equipment. Added value could come 
through the use of social networking APIs, in order 
to introduce the ability to support real time 
communication over the participant peers in the 
video distribution (i.e. use of tweet feeds or 
comments in real time), while adaptation of the 
streamed media to the network and terminal 
conditions can be supported through the adoption 
of scalable coding techniques for encoding video 
such as Multiple Description Coding, so that the 
quality of the distributed stream can be adapted to 
best serve the needs and capabilities of each user. 
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