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Abstract—This paper proposes a survey of robust wireless HG
2000 images and video transmission systems. The fmmance of
the presented systems is discussed and comparedibot terms of
time consumption and in terms of robustness against
transmission errors. Some opened tracks are then stiuss with a
special emphasis on efficient scalable wireless JBE2000 image
and video transmission schemes.
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l. INTRODUCTION

Nowadays,
integrate wireless transmission functionalities. réMss
networks are suitable for those types of applicaticdue to
their ease of deployment and because they yieldemeous
advantages in terms of mobility of User EquipmeUdt).
However, wireless networks are subject to a higrellef
transmission errors because they rely on radio svavieose
characteristics are highly dependent of the trassiomn
environment.

In wireless video transmission applications like tone
considered in this paper and presented in Figurefféctive
data protection is a crucial issue.
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Il.  OVERVIEW OF JPEG2000AND WIRELESS
JPEG2000

A. JPEG 2000

JPEG 2000 is the newest image compression standard

completing the existing JPEG standgt{

The interest for JPEG 2000 is growing since theitBlig
Cinema Initiatives (DCI) has selected JPEG 2000fdbure
distribution of motion pictures.

Its main characteristics are: lossy or losslesspression
modes; resolution, quality and spatial scalabilitpnsmission

more and more multimedia applicationsand progressive image reconstruction; error resiefor low

bit rate mobile applications;
functionality, etc.

Part 1 of the standard defines different toolsvelg the
decoder to detect errors in the transmitted coelasty to select
the erroneous part of the code and to synchrohiselécoder
in order to avoid decoder crash. Even if thosestagive a
certain level of protection from transmission estothey
become ineffective when the transmission channpégxent
high bit error rate. Wireless JPEG 2000 (JPEG 2000part)
addressed this issue by defining techniques to ek« 2000
codestream more resilient to transmissions ermoraireless
systems.

Region Of Interest O(R

JPEG 2000, the newest image representation standard

addresses this issue firstly by including predefinerror
resilient tools in his core encoding system (partahd going
straightforward by defining in its Ypart called wireless JPEG
2000 ( JPWL) a set of error resilient techniquesrprove the
transmission of JPEG 2000 codestreams over eroorepr
wireless channel
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Fig. 1. Wireless video streaming system
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B. Wirdess JPEG 2000 (JPWL)

Wireless JPEG (JPWL) specifies error resiliencésteach
as Forward Error correction (FEC), interleavingequmal error
protection.

In this paper we present a wireless JPEG 2000 video
streaming system based on the recommendationd/Nif JiRal
draft[2].

In [3], the description of the JPWL system is preseated
the performance of its Error Protection Block (EPB)
evaluated. A fully JPEG 2000 Part 1 compliant baskiv
compatible error protection scheme is proposedd4in A
memoryless Binary Symmetric Channel (BSC) is used f
simulations both in4] and [3]. However, as packets errors
mainly occur in bursts, the channel model consitdiémethose
works is not realistic. Moreover JPEG 2000 codest®
interleaving is not considered [i4].

In this paper we address the problem of robustedfident
JPEG 2000 images and video transmission over wgele
networks. The paper is organized as follows: Irtised|, we
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present a state of art of wireless JPEG 2000 medtian
communication systems along with the challenges/escome
in terms of codestreams protection against trarssamserrors.
In section Ill, we provide an overview of channealding
techniques for
networking. Finally section IV, provides discussioand
prospective issues for future distribution of motitPEG 2000
images and video over wireless networks.

Il. WIRELESSJPEG2000MULTIMEDIA
COMMUNICATION SYSTEM AND ITS CHALLENGES

In high error rate environments such as wirelesschls,
data protection is mandatory for efficient transiue of
images and video. In this context, Wireless JPE@2he 11

The smart FEC rate allocation scheme
proposed if9] address this issue by allowing switching from a
packet oriented FEC scheme to a layer orientedhsetseich as
the ones proposed [@0].

efficient JPEG 2000 based multimedia

In section lllLA we present the packet orientedtesys
proposed in[7] to address the issue of robust JPEG 2000
images and video transmission over wireless netwinkn in
section 1l.B the layer-oriented scheme proposedl1i] is
described. Finally, in section Il.C we present thgstem
proposed if9] to unify packet and layer based scheme.

A.  Optimal Packet-oriented FEC rate all ocation scheme for
robust Wireless JPEG 2000 based multimedia
transmission

part of JPEG 200(2] uses different techniques such as data

interleaving, Forward Error Correction (FEC) withed®l-
Solomon (RS) codes etc. in order to enhance thiegiron of
JPEG 2000 codestreams against transmission errors.

In wireless multimedia system such as the one densil
in this paper (see Figure 1),
methodology is applying FEC uniformly over the entream
(Equal Error Correction - EEP). However, for hiefacal
codes such as JPEG 2000, Unequal Error

Protection (UEP) which assigns different FEC tdedént
portion of codestream has been considered as abkuit
protection scheme.

Since wireless channels' characteristics dependthen
transmission environment, the packet loss ratehén system
also changes dynamically. Thus a priori FEC ratecation
schemes such as the one proposd@8]iare less efficient. Two
families of data protection schemes address thigiby taking
the wireless channel characteristics into acconnorier to

The functionalities of the proposed JPWL packetmted
system are presented in Figure 2 The aim of thigesy is to
efficiently transmit a Motion JPEG 2000 (MJ2) videsguence
through MANET channel traces.

a straightforward FEC

The systemis described as follows:

The input of the JPWL codec is a Motion JPEG 2000
(MJ2) file. The JPEG 2000 codestreams includecher MJ2
file are extracted and indexed.

These indexed codestreams are transmitted to tWé JP
encoder [2] presents a more accurate description of the use
JPWL encoder) which applies FEC at the specified emd
adds the JPWL markers in order to make the codestre
compliant to Wireless JPEG 2000 standard. At theéges
frames are still JPEG 2000 part 1 compliant, whiekans that
any JPEG 2000 decoder is able to decode them.

To increase JPWL frames robustness, an interleaving

dynamically assign the FEC rate for JPEG 2000 basegiechanism is processed before each frame tranemissi

images/video. The first family is based on a dymatayer-
oriented unequal error protection methodology wheréhe
second relies on a dynamic packet-oriented uneguadr
protection methodology. Hence, in the first casmyerful RS
codes are assigned to most important layers arsd rigsust
codes are used for the protection of less impotty@rs. It is
worth noting that in this case, all the JPEG 20@@kpts
belonging to the same layer are protected with shene
selected RS code. Examples of layer-oriented FE@ ra
allocation schemes are available[@ and [7]. On the other
side, in packet-oriented FEC rate allocation sclesweh as

through the error-prone channel. This is a reconteén
mechanism for transmission over wireless channekra/krrors
occur in burst (contiguous long sequence of errdisanks to
interleaving the correlation between error sequeicesduced.

The interleaving step is followed by RTP packetmat In
this process, JPEG 2000 codestream data and ofhes bf
data are integrated into RTP packets as descritjad]i

the one presented [i@], RS codes are assigned by decreasing

order of packets importance. [fA], we demonstrate that the
proposed optimal packet-oriented FEC rate allonaisomore
efficient than the layer-oriented FEC rate allamatischeme
presented in[6] and [7]. However, layer-based FEC rate
allocation schemes have low complexity while packetnted
FEC allocation methodologies are complex especietiign the
number of packets in the codestream is high. Is dase,
packet oriented FEC schemes are unpractical fdrhyhigme-
constrained images/video streaming applicationsthis case
switching to a layer oriented FEC rate allocati@hesne is
more interesting.
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Fig. 2. JPWL based system functionalities

RTP packets are then transmitted through the vesele

channel which is modelled in this work by a Gilbehtannel
model. At the decoder side, after depacketizatiba, JPWL
decoder corrects and decodes the received JPWlsttedms
and rebuilds the JPEG 2000 frames. At this stagenpeters

words the difference between both systems is th€ Fdie
allocation module. Actually, in the packet orientatheme the
redundancy is added by taking the packets impagtanto
account (see Figure 3) while in the layer oriergsedeme we
rely on layers importance to allocate the adeqiRBecodes
(see Figure 4).
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v
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Fig. 4. A JPEG 2000 codestreams transmission thrtueg
JPWL layer-oriented FEC system

C. Smart combined Packet/layer based FEC rate allocation
scheme for robust Wirdess JPEG 2000 based multimedia
transmission

The functionalities of the proposed smart JPWL base

such as Packet Error RatPER) are extracted, increasing the system are presented in Figure 5.

knowledge of the channel state. The decoder sextdscted
parameters back to the JPWL encoder via the Up Tihk last
process of the transmission chain is the comparszween
the transmitted and the decoded image/video. Figymesents

JPEG 2000 codestreams transmission through the JPWlses the optimal

packet-oriented FEC system

Original codestreams

v

A
\ 4

Packet-Oriented JPWL Protection

Fig. 3. JPEG 2000 codestreams transmission thrdugh
JPWL packet-oriented FEC system

B. Optimal Layer-oriented FEC rate allocation scheme for
robust Wireless JPEG 2000 based multimedia
transmission

Unlike the system described [id], where the FEC rate

allocation scheme is packet oriented, in the ctirsgatem we
consider a layer oriented FEC rate allocation sehdm other

Copyright (c) IARIA, 2011 ISBN:978-1-61208-113-7

In this system, indexed JPEG 2000 codestreams are
transmitted to the smart FEC rate allocation madiflehe
number of data packets available in the codestreaniew
(typically under the defined smart threshold), sheart module
packet-oriented FEC rate allooatio
methodology presented ifiY] whereas it switches to the
dynamic layer-oriented FEC rate allocation methoggl
presented if10] when the number of data packets is high.
Ones the protection rate determined, the codestreare
transmitted to the JPWL encoder which applies FEGha
specified rate and adds the JPWL markers in oalerake the
codestream compliant to Wireless JPEG 2000 stantizmlce,
Figures 3 and 4 correspond to the JPWL protectiteres
redundant data are added to original codestrednise UPEG
2000 Frame which is being processed is constitbtedess
than a defined thresholdnfart_thresh) , then the smart FEC
rate allocation scheme emulates a scenario sitdléhe one
presented in Figure 3 (packet-oriented FEC ratecation).
Otherwise, it emulates the scenario of Figure sédyic layer-
oriented FEC rate allocation). Protected data drent
interleaved and transmitted.
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Fig. 5. JPEG 2000 transmission over the smart JPWL
system

The interest of the smart FEC rate allocation sehésrto
allow switching from the scenario presented in Fég8 to the
scenario described in Figure 4, reducing by thisy lae
complexity of the FEC rate allocation process. Hgrie case
of highly layered images/video streaming, the tineeded to
select the suited FEC rate is significantly reduckd the
following section we present the packet-oriented #myer-
oriented algorithm considered in this paper.

Copyright (c) IARIA, 2011 ISBN:978-1-61208-113-7

IV. RESULTS

A.  Performance of layer based FEC scheme in terms of
time consumption

In Figure 6 the run time of the proposed layer HasEC
rate allocation scheme is plotted versus the nunabedata
packets available in the JPEG 2000 codestreams.clinve is
compared to the one achieved using the optimalgiamiented
FEC rate allocation scheni@]. These results are achieved
using an Intel core Duo CPU 2.9 Ghz Workstation.

As packet-oriented and layer oriented schemesiaked
by the number of layers available in each imageyvamgy this
parameter in order to derive some comparable ssuft the
considered scenario, the number of available résaluand
component of JPEG 2000 frames are fixed (resolatiad and
component = 1) because these parameters do nottirtipa
time-performance of layer oriented FEC rate allocat
schemes. In Figure 6 each packet (i) correspandsspecific
JPEG 2000 frame (with a specific quality layer).

In this scenario, the available bandwidth in thystam is
set to 18 Mbits/s B,, =18 Mbits/ s). It is worth noting that in

practice few existing JPEG 2000 codecs allow highality
scalability and to our knowledge, none of them ¢tamdle
more than 50 quality layers. Hence, the considehario
allows generalization to future high quality laymalable FEC
rate allocation systems.

In Figure 6 we notice that both layer and packétred
scheme have a run time linearly increasing withrthber of
packets available in the codestreams. However,offtenal
layer based FEC scheme is significantly less tior@soming
than the packet based FEC scheme. For codestresutasning

less than 1000 packets (quality layeFs 10) the packet
oriented FEC scheme is 3 times more time consuithizug our

optimal layer based FEC scheme. For JPEG 2000 tredsss,

whose number of packets is between 1000 and 50@litig

layers between 10 and 50) the packet oriented selieenp to 5
times the run time of the layer based FEC schenmeS
existing JPEG 2000 codecs handle less than 50tyjlajiers,

our proposed optimal layer based scheme is a gandidate
for real-time JPEG 2000 codestreams over wirelbasitel as
its yields low time consumption.
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The proposed optimal layer based scheme, due fovits
time consumption, could be viewed as a good cateliftz
future high quality layer scalable wireless JPE®@®based
images and video streaming applications.
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schemes but is less efficient than the packet mikeacheme.
For noisy channelil6dB<C/N <18dB), we notice that all
layer based UEP schemes exhibit similar performanioe
terms of successful decoding rate.

For low noisy channel@ /N =18dB) all the FEC schemes

yield the same improvement in terms of successéaoding
rate.

Successful Decoding Rate versus Carrier to Noise
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Although the layer based scheme achieves good Fig.7 Successful decoding rate versus Carrier taséNo

performances in terms of time consumption in comsparto
packet oriented FEC rate allocation schemes, the daes
present better performance in terms of visualipatiality
especially for highly noisy channels. In the foliog section
we demonstrate the effectiveness of the optimatridyased
FEC scheme thanks to a client/server applicatiotMofion
JPEG 2000 video streaming over real ad-hoc nettvades.

B. Packet-oriented and Layer-oriented FEC rate allocation
for Motion JPEG 2000 video streaming over real ad-hoc
network traces

In this section we present the results achievedlewhi
streaming Motion JPEG 2000 based video over redicad

network channel tracgd3][13] and we demonstrate that the

proposed optimal layer based scheme outperformstimexi
layer oriented FEC schemes even if for highly nakgnnel it
is less efficient than packet oriented FEC scherfiee
comparison is handled both in terms of Structurahil8rity

(SSIM) [14] and in terms of successful decoding rate. We

derive the Mean SSIM metric of the Motion JPEG 20iEo
sequence by averaging the SSIM metrics of the JREm®
images contained on the considered video sequirisavorth
noting that each SSIM measure derived is associtied
successful decoding rate metric which correspoadietoder
crash avoidance on the basis of 1000 transmissais. t

The considered wireless channel traces are avaiiafl3]
and the video sequence usedjpsedway.mj2 [12] containing
200 JPEG 2000 frames generated with an overall cesaN
ratio of 20 for the base layer, 10 for the secayet and 5 for
the third layer. Figure 7 presents the successfabding rate
of the motion JPEG 2000 video sequerpeedway.mj2 [12]
transmission over real ad-hoc network channel $rfkc®. We
observe that for highly noisy channelg (N <15dB), the

proposed optimal layer outperforms other layer #aB&C

Copyright (c) IARIA, 2011 ISBN:978-1-61208-113-7

Ratio

In Figure 8 we show that our proposed optimal |dyesed
FEC rate allocation scheme still outperforms othger based
schemes in terms of Mean SSIM. This is due to tbetfeat the
base layer which is the most important part ofdbéestreams
is highly protected in our proposed scheme, in cmBspn to
other layer based schemes, guaranteeing this waypoal
quality for the visualization.
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V. CONCLUSION AND OPEN ISSUE SCALABLE
JPEG2000TRANSMISSION

Many problems are still to be addressed in the émamark
of JPEG 2000 codestreams transmission over
networks. Image scalability based on dynamic abhila
bandwidth estimation is one of those problems. e t

[10]

wirelegsl]

literature, proposed image scalable systems haven be (12l

implemented using a fixed available bandwidth ireirth
considered scenarid45], [16]. This assumption is no longer
true in wireless systems because they rely on ragiges
whose characteristics depend on the transmissizinoement.
Moreover, few of the proposed systems
simultaneously the bandwidth estimation problem tiedssue
of smoothness for JPEG 2000 codestreams scalalbilif§7],
we addresses both issues by proposing a scalablen@m
aggressive wireless JPEG 2000 image and videontiagi®n
algorithm based on a dynamic bandwidth estimatioh t
The main limitation of the scalable system propdsdd7]

is that it handles only one wireless client. Howevthis
limitation could be overcome by generalizing theogmsed
algorithm to multiple wireless clients’ scenario.eVigropose a
framework for this generalization which opens thethpfor
efficient wireless JPEG 2000 codestreams transomissi Next
Generation Networks which are characterize by tfebitation
of multiples wireless devices having different starls
requirements and different capacities.
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