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Abstract—In this paper, we describe a work in progress for the received data is performed [1]. Therefore, the erraliease
transmission of JPEG2000 images using an unequal power alo tool of JPEG2000, by its own, is insufficient for alleviatisgver
cation algorithm and single carrier frequency domain equaization channel impairments. A higher degree of protection is actite
technique over a block fading frequency selective channelThe . . . .
optimization algorithm exploits the hierarchical structure of the W_'th the a_'m Of_the h'erarc_h'cal structure_ of ‘]PEG_ZOOO Coqed
JPEG2000 images and uses a distortion model along with the bitstream in which some bits hold more important informatio
channel state information for allocating optimal values of power compared to others. This scalable coded bitstream enables u
on each coding pass to minimize the end-to-end distortion. file  provide higher protection over the more important bitsfé@#nt
single carrier frequency domain equalization technique cmbats techniques such as Unequal Error Protection (UEP) and Utequ
the negative impact of inter symbol interference and inter arrier - . . .
interference in a frequency selective channel. Two antenisaat the Power Allocation (L_JPA) are introduced in Fhe literature to
transmission terminal are utilized to evaluate the performrance €nhance the transmission of scalable coded bitstreamdJERe
of our system in a multi input single output scenario using methods apply Forward Error Correction (FEC) coding with
space time block coding scheme. The simulation results prest different coding rates to different portions of the bitsimg
that integration of the unequal power allocation technique with based on the importance of each portion. The UPA techniques

orthogonal frequency division multiplexing yields a highe quality o . .
than when single carrier frequency domain equalization is sed distribute the total available power for transmission ofiraage

instead. In addition, the transmit diversity technique entances the unequally over the bitstream in such a way that more power is
peak signal to noise ratio of the received image for about 2.68B. allocated to the more important bits.

These results prove that our power allocation algorithm is nore Transmission of JPEG2000 images using UEP techniques over
compatible with orthogonal frequency division multiplexing than g6,y fading non-frequency selective channels has beenlyvide
single carrier frequency domain equalization, and it yields spacial . . . . . .
diversity in a multi transmitter antenna system. investigated in [2]-[_5]. In [2], UEP is achieved in JPEG2000
code-streams by using Reed Solomon (RS) block codes. In [3],
Banisteret al. make use of Viterbi algorithm to jointly optimize
source rate and channel rate for the purpose of UEP. In [d], th
authors employ product coded streams which consist of Furbo
codes and RS codes to obtain UEP. In [5], the authors obtain
UEP using RS channel coding for the header and convolutional
Transfer of multimedia streams with high reliability of thecoding for the body of the image bitstream. Protection of
received signal, and high data rate over wireless chanadls-i JPEG2000 images over slow fading non-frequency selective
coming more attractive in the current mobile era. The insirep  channels using UPA schemes has been reported in [6] and
demand of access to multimedia data and the hostile behayidt Atzori employs an optimized UPA scheme in [6] based
of wireless medium impose challenges in maintaining thel toion increasing JPEG2000 image quality as well as RS channel
available bandwidth, the total transmission power, andityua coding to protect coded bitstream. In [7], we proposed an
of the transmitted stream. To address these challengese®g roptimized UPA scheme based on minimizing the total end to end
to alleviate the sources of disturbance in wireless chansatch distortion of JPEG2000 images, which proved its effectasn
as fading, interference, shadowing, path loss, and mtitjjey in improvement of the Peak Signal to Noise ratio (PSNR)
providing an effective data protection technique. performance and at a lower complexity in comparison with the
The inherit redundancy contained within multimedia signakxisting UEP techniques.
and bandwidth limitation require compression of image and Evaluation of UEP for JPEG2000 image transmission over
video streams before transmission. JPEG2000 is one of flequency selective channels is investigated in [8]-[Hbuas
recent and advanced source coding techniques for imagag.odéet al. prove the efficiency of their UEP technique with rate
This standard provides some degrees of protection agaiwsse compatible punctured convolutional codes in an OFDM system
in noisy channels with the help of an error-resilient featdrne [8]. In [9], the layer structure of the JPEG2000 is exploitgd
error resilient tool is able to detect errors but it can natrect protecting data in top layer with an FEC code, and the perfor-
any of them in the code-stream. Once an error is detected, thance is analyzed in an OFDM transmission system. In [10],
rest of data is discarded and resynchronization mechanfsmaathors achieve UEP with the means of an optimal joint seurce
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channel coding and consider progressive image transmissio
over differentially space-time coded OFDM system. Sethaka |

et al. propose an UEP scheme in the spatial domain through LL3 | HL3 HL2

enhanced beamforming algorithms over closed loop multiple .
input multiple output OFDM system [11]. Despite the extgasi |
reports on the performance evaluation of UEP techniques for . . Resolution
image transmission over frequency selective channelsctafé LH2 HH2 Level 1
performance of an optimized UPA scheme for transmission of |
JPEG2000 images in frequency selective channels has not bee A /S HL]- L
analyzed. To address this issue, we prove the efficiency of [ . Subband
our proposed optimized UPA scheme for frequency selective - PrednctI /I/y
channels in [12] by combining the UPA algorithm with the | : .
OFDM technique. | LH1 | HH1
All the literature reports on multimedia data transmissigar :
frequency selective channels, with UEP or UPA, make use of | .
OFDM to combat the negative impact of Inter symbol Interfer- |
ence (ISI) and Inter Carrier Interference (ICI). The mualtiger —_— e — = — = —I
implementation of OFDM technique leads to several drawback
including large Peak-to-Average Power Ratio (PAPR) andh hig Fig. 1: Components of a JPEG2000 transformed image
sensitivity to carrier frequency offsets [13]. To tackleese
issues, OFDM is implemented in the base station of a cellulelrthe image. Precincts are not a partition of image data and d
network for downlink data transmissions, and Single Carri@ot impact sample data transformation or coding. Preciawgs
Frequency Domain Equalization (SCFDE) is adapted at the emgkd to reconstruct the resolution [2].
user station for uplink data transmissions. SCFDE is coaigar ~ Each subband is partitioned into small blocks, called code-
with OFDM in terms of complexity, while it avoids the draw-blocks, where quantization and bit-plane coding are ititla
backs associated with OFDM [13]. In this paper, we integrafehe packets furnished by the precincts identify their heaadel
our proposed UPA scheme with SCFDE to provide protectidi@dy from the contributions of the code-blocks belonginghie
for uplink transmission of JPEG2000 coded bitstreams irclolorelevant precinct. Starting from the Most Significant Bit$H),
fading frequency selective channels. Moreover, we obtalh fthe coder scans through the bit-planes of each coding pass.
spatial diversity in our transmission by using AlamoutisaBe Each of the coding passes collects the relevant informatmuit
Time Block Coding (STBC) scheme [14]. Continuation of thighe bit-plane data. Based on the significance of a partidaitar
work includes further investigation on the impact of SCFD## a location and its neighboring, location of each bit in the ingd
STBC on the bit budget of the JPEG2000 coded bitstream faasses is decided. The encoder uses this information taagene
the possible amount of conservation on the bandwidth. a compressed bitstream or a code-stream [1]. Fig.1 illiestra
The rest of this paper is organized as follows: Section & 3 layer decomposition of a source image using DWT and its
provides a brief overview of JPEG2000 image coding, Sedtlon partitioning into four resolution levels, subbands, pnets, and
presents the system model, the simulation results are risebe code-blocks.
in Section 1V, and Section V concludes the paper. To increase the robustness of the JPEG2000 bitstream &gains
Notations: [-]¥ and |-| denote the Hermitian transpose an@rror propagation along the code—stream, error resil'mMr_e is
the absolute value Operations, respectiyély. refers to the introduced in the standard. Small size code-blocks arepiente
(i, k)" entry of a matrix.[]; means the'" entry of a vector. dently coded and included with resynchronization markass.
Q represents aiV x N FFT matrix whose(i, k)" element is @ result, errors do not propagate beyond the code-blogkgvhos
given by 1/v/Nexp (—j2rik/N) where0 < i,k < N — 1. bit-stream is corrupted, and the markers keep synchrdoirat
Bold uppercase letters denote matrices, bold lowercaserdetPetween the encoder and decoder in case of occurrence of
represent vectors and lowercase letters denote scalabigsi Pit errors. JPEG2000 standard also provides a mechanism to
combine all the packet headers within the main header. Ths a
Il. REVIEW OF JPEG2000MAGE CODER an advantage to the decoding process of the received dedarstr
) ) o _if the main header can be transmitted in an error-free medium
In the JPEG2000 image coder, the first operation is to (0ptiog necessary to correctly decode the header of a packet &r ord

ally) partition a source image into a number of rectangu@r-n g extract the code-block contributions to the body of thekea
overlapping blocks called tiles. Then Discrete Waveletn$ra [1] [15],

form (DWT) is applied to the tile which transforms the sansple
into spacial frequency subbands at different levels ofltgim. lIl. SysTEM MODEL
The first level of decomposition consists of four subband4,LL The overall system block diagram that we are implementing
LH1, HL1, HH1 [15]. The LL1 subband is the lowest resolution this study is shown in Fig. 2. We have presented detailed
of the tile and is a down-sampled low-resolution repred@ra explanations on the functionality of the JPEG2000 encoder,
of the original tile-component. The LL1 subband can be ferrthStructure Information Retrieval, UPA optimization, andeth
decomposed by applying DWT. This process can be repeatedPtawer Adjustment units in [7]. For the sake of completeness,
obtain different resolution levels. Then, each resoluttbeach we present a short overview of these units here. The JPEG2000
tile component is further partitioned into precincts. Witevery encoder transforms the format of an input image into JPEG200
subband, each precinct contributes one packet to the doslers format and generates a scalable coded bitstream. The @#&blict
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Fig. 2: System block diagram

Information Retrieval unit recovers the required inforimaf wherer,, is the n'” received block of dataH,, is an N x N
such as the number of code-blocks and the number of codirigculant matrix for then'” transmission block with entries
passes within each code-block, from the source coder asgpasH i = [Nn](i—k) moa v @Nd [h,]; = 0 for i > m — 1. v,
them to the UPA optimization unit. In the UPA optimizatioris an N x 1 additive white Gaussian noise vector with mean of
unit runs Simulated Annealing optimization algorithm ore thzero and variance of 1/2 per dimension. Sitités a circulant
coded bitstream of the JPEG2000 image. This algorithm atmsnaatrix, it can be eigen-decomposed to form

minimizing the total end to end distortion of the receivedga

by allocating optimal amount of power to each coding pass. H, = Q7A,Q (2
During the process of power allocation, the UPA optimizatio 5 s a diagonal matrix of siz&/ x NV for then' transmission
unlt_ obtains the/total available power to Q|str|bute amohg tblock, in which the diagonal elements are [16]:

coding passesef,,,;) from the power adjustment unit. The
UPA optimization unit assumes an Additive White Gaussian N _
Noise (AWGN) channel for the transmission medium. The  [Au)u = VNg? [h, 00 ... 0 i=1,2,...,N (3)
fading impact of the channel is taken into considerationhia t

Instantaneous Power Adjustme_nt unit by altering the amO‘Wﬁereqi is theit” column of the matrixQ. The channel impulse
of power allocated to each coding pass by the UPA algorithiygnonse varies for every transmission block of data, and so

In part C, we will describe the functionality of the powelyges the diagonal elements Af These elements are in fact the
adjustment unit. The bitstream and the power assigned tolgac eigenvalues of the channel matiiii)

are categorized intd'g blocks. Before the transmission instant . . . o
every block of data is appended with cyclic prefix, and twg' Single Carrier Frequency Domain Equalization Model
consecutive blocksn!® and (n+ 1)“1 where @ = 1,2, ..., Np), In [17], a thorough overview of SCFDE with STBC scheme is
are passed to the Space Time Block Encoder. The receiwg@sented, and we use this scheme to form our receiver model.

terminal includes the model of a typical SCFDE receiver. At the receiver side, initially a serial to parallel convers
is performed and then the redundant cyclic prefix data are

discarded. As known from its name, the equalization of SCFDE

is carried on in the frequency domain. Thus, we transform
The wireless communication channel is considered to bekblate received time domain bloadk, into frequency domain by

fading frequency selective, where two antennas are usedukat dpplying the FFT

transmitter side, and one antenna at the receive termiirat, F

we will elaborate the transmission model in the case of one
. . . . r, =QH,VE.x, +Qv, =A,E,X, + Qv 4
transmit antenna, and then we will expand it to two transmit QP = QHy VEXn + QVy nVEXn +Qu, - (4)

antennas in part D. The channel impulse response fonthe  The next step is to equalize the signal using Minimum Mean
transmission block is given By, = [hg hy ... h/mfl]T wherem, Square Error (MMSE) estimator. Our MMSE-SCFDE for the
is the channel memory length amd= 1,2, ..., N5. We append nth received block is given by a diagonal matrix of siXex N

the beginning of each transmitting block of data with a site &ith the following elements [17]:

N x 1 with the lastm samples of the same block to eliminate the (A7),
impact of Inter Block Interference (IBl). At the receivedsi the W] = + (5)
first m samples of every block is discarded and oiMysamples [An)ii? + 537

are processed. We can account for the addition and remowhlere SNR is the Signal to Noise Ratio. The output of the
of the cyclic prefixes by forming the channel into a circularl¥iMSE equalizer will bey,, = W,,r,, and can be transferred to
matrix for everyn?" transmission block. Thus, assuming a singltme domain by applying the IFFT to recover the original data

N—m T

A. Channel Model

transmit antenna, the received signal is given by given byx,, = QHyn. Then we can apply a hard decision slicer
on the recovered data, and pass it to the JPEG2000 decoder to
r, =H.,vVE.Xp +Vv, n=12 .. Np (1) generate the received image.
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Fig. 3: Transmission block format for SCFDE-STBC [17]
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Our proposed UPA algorithm in [7] assumes an AWGN
channel at the time of optimal power allocation to the codirfgd: 4: PSNR performance comparison between combinatiothef
passes. The Instantaneous Power Adjustment unit comgsns FA algorithm with SCFDE and OFDM
for the effect of fading by using the instantaneous valuethef

channel impulse response IV. SIMULATION RESULTS
E _ E’n 6 We develop our simulation results using Kakadu as the
e m_1 . |2 6) JPEG2000 image coder to encode image of Lena with a size
o+ ’Zk:ﬂ h’“’ of 512x512 at a rate of 0.25 bit per pixel (bpp). We use Binary

. h _ Phase Shift Keying as the modulation scheme for the codestre
where fy; is the k" tap channel impulse response for thé e from the codec, and assume that the header informat
transmission block and: is the channel memory length or theg yangmitted error free. Based on our previous experignient
total number of tap<sk,, is the assigned power to the bits W|th|n[7]’ the value ofw in (6) is set to be 0.01. We analyze the perfor-
then'” transmission block anH,, represents the correspondinqnance of our proposed UPA scheme with SCFDE technique by
power of the bits after the effect of channel fading is taken i calculating the PSNR of the received image transmittedutino
considgrationa is sma_ll constant value which prevents new zergy, .| fading frequency selective channels. Figure 4 coemar
values in the denominator when the channel is sever and {§€ pSNR performance of the system when the UPA algorithm
fading factor is small. In addition, this constant value ie80 s \,sed alone for image transmission over block fading non-
very large adjusted power to keep the power amplifiers p'ﬂé‘rforfrequency selective channels, and when it is combined with

in their linear region. For this part, we assume that the @bhn either SCEDE or OEDM to eliminate the effects of ISI and
State Information (CSI) is available at the receiver sidé e |~ in frequency selective channels. In Fig. 4, a degradatio

be communicated to the transmitter. There are plenty of1Sapg, e pSNR of the received image is noticeable as the number
in tr_]e Ilteraturg that repor_t on th.e es_tlma'uon of CSI usirgtp of channel taps increases. For example, at an SNR value of
assisted techniques or blind estimation methods [18]..[19] 14 dB, integration of UPA and SCFDE lowers the PSNR of
the system in a 2-tap channel for about 6 dB in comparison
with the single tap channel. The latter is also lowered byuabo

In our system design, we employ two antennas at the tra®s2 dB compared to the case where only UPA is used for
mitter side to benefit from spacial diversity. This increafee transmission over frequency flat channels. However, thgs In
reliability of the wireless link and improves the quality tife the PSNR performance is not notable when SCFDE is replaced
received image. We can also conserve energy by maintaitasimby OFDM. The reason is that our UPA algorithm eliminates the
received image quality as the single transmit antenna cas#ect of channel to compensate for the instantaneous and av
however at a lower transmit power. To explain the functitgpal erage fading. However, SCFDE technique requires the entul
of the space time block encoder unit and the linear combinigr uchannel structure to obtain multipath diversity and enbkahe
in Fig. 2, we follow the proposed transmit diversity methlody system performance as the number of channel taps increases.
in [17]. The two antennas, deployed at the transmitter teahin  This implies that OFDM is more compatible than SCFDE with
Fig. 2, send two transmitting blocks of data (andz;) to the our UPA optimization algorithm to combat the negative effec
channel. Figure 3 presents the structure of these data $loakK ISI in frequency selective channels, and maintain higality
In this structure, cyclic prefixes are appended to each blogkthe received image. This figure also suggests that for SNR
and then discarded at the receiver side in order to eliminai@ues greater than 18 dB, the proposed system, which c@sbin
IBI and shape all the channel matrices circulant. An impdrtaUPA and SCFDE, has a superior performance in a single tap
assumption that we consider in this part for the transmissio channel in comparison to the other scenarios. Figure Sridltes
the STBC structures is that the channel impulse respons@memthe improvement in the PSNR performance when two transmit
constant over two consecutive blocks of data. The availaldatennas are employed at the transmitter side using Alaisout
power for transmission at any of the two antennas is half &TBC scheme. At an SNR value of 10 dB, this diversity scheme
its value in the single transmit case. This helps to keepdtsd t contributes to an increment of about 2.5 dB in the PSNR of
transmit power constant. The linear combiner methodol@gy the received image transmitted through 2-tap frequen@cteé
detailed in [17] and we will follow the same principle. channel. Thus, we are able to receive the image with a higher
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the image of Lena imply that combination of the UPA algorithm
and the OFDM technique leads to a higher image quality than
combining the algorithm with the SCFDE technique, whilehoot
methods combat the negative effects of ISl and ICI. In thjsepa
Alamouti’'s STBC diversity technique is also incorporateithin

the proposed system, and the results prove the effectigenes
of using two transmit antennas, at the transmitter sidehe t
PSNR enhancement of the received image. The continuation
of this work is to compare the performance of the system at

10 12 14 16 18 20 2
SNR (dB) 1]

Fig. 5: PSNR performance comparison between different runal
transmitter antennas for combination of the UPA algorithith8 CFDE 2]

quality at the receiver, or conserve energy by bounding thid!
quality of the received image.
[4]

(5]
(6]
(7]
(8]

El
[10]

[11]

[12]

(d)

Fig.6: Visual comparison of "Lena” at 0.25 bpp, transmitegdSNR=20 dB over
Block fading frequency selective channels (a) 1-tap hadngltransmitter an-
tenna, PSNR=32.70 dB (b) 1-tap channel & 2 transmitter aasnPSNR=33.74 [13]
(c) 2-tap channel & 1 transmitter antenna, PSNR=22.10 (d)jp2channel & 2
transmitter antennas PSNR=26.47
[14]
Figure 6 presents a visual comparison for transmission of
"Lena” over block fading frequency selective channel uding [15]
UPA algorithm and SCFDE technique. The image is transmitted
through a single and 2-tap channels with different number HE]
transmitter antennas. It is clear that the visual qualityttod
received image is enhanced when the number of transmitfed
antennas increases. In addition, increasing the numbéraoinel

taps lowers the quality of the received image. [18]

V. CONCLUSION AND FUTURE WORKS (18]
In this paper, JPEG2000 images are transmitted through fre-

guency selective block fading channels using an UPA aligarit 20]

and SCFDE technique. The optimization algorithm aIIocatés

unequal power to each coding pass based on its contribution

to the quality of the received image. The simulation resfdts
Copyright (c) IARIA, 2012.  ISBN: 978-1-61208-203-5

different encoder bit budgets when different number ofgrait
‘ , antennas. This will show us the effectiveness of using two
- , transmit antennas in preserving bandwidth.
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