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Abstract— JPEG is a widely deployed image compression

standard used in several applications. However, JRE image
transmission is challenging and sophisticated stragies are
required for reliable transmission. This paper investigates the
performance of JPEG image transmission using duo-bary

Turbo codes with Unequal Error Protection (UEP). UEP is
achieved by applying a lower code-rate to protectie DC-layer
of the image more efficiently and a higher code-rat for
protecting the AC-layer. Additionally, the duo-binary Turbo

code is enhanced by scaling its extrinsic informain to
improve performance and by using a stopping criteion to limit

the number of iterations required for decoding. Theproposed
UEP scheme provides a gain of at least 10 dB in Be8ignal to
Noise Ratio (PSNR) over an Equal Error Protection EEP)
scheme for a range of Eb/No values. Moreover, theam in

PSNR increases as the couple length of the duo-bmgacode is
increased.
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l. INTRODUCTION

JPEG is a Discrete Cosine Transform (DCT) basedéma

compression algorithm, which employs Huffman codiag
generate a compressed bit-stream [1]. It is a widdbpted
standard and forms an integral part of severalicgtpns
such as web browsing and telemedicine [2]. Howether,
use of Huffman coding renders the JPEG coded ta&st
very sensitive to error propagation because a eibgl in
error can cause a complete loss of synchronisatisrsuch,
sophisticated coding solutions are required to renseliable
transmission. One solution
correcting codes such as Turbo codes, which areswitéd
to protect image data as recently demonstrate@]irEfrror

resilient and concealment technigques also provide

significant improvement in transmission fidelity ,5&

Moreover, a highly efficient strategy for achievingbust
JPEG image transmission is UEP. UEP consists dbiixyg

the fact that the DCT operation in JPEG, segméetsnage
into layers of unequal importance. Hence, by atinga
different levels of protection to these layers,ignificant
gain in the overall quality of the received imagan coe
obtained.
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Several efficient UEP schemes have been develaped f
JPEG image transmission using Turbo codes. For geam
in [6], UEP and joint source channel decoding veitpriori
statistics were combined and applied to JPEG image
transmission. Both Turbo codes and Turbo and Tuirebis
Coded Modulation were used and major gains in P&
obtained over conventional JPEG image transmission
schemes. An error resilient wireless JPEG image
transmission scheme, which employed product Turbo o
Reed Solomon codes alongside an optimal UEP dhgorit
was proposed in [7]. Moreover, in [8], an UEP schem
which employs s-random odd-even interleaving witld-o
even puncturing, as well as a new UEP scheme éosdift
output Viterbi algorithm, were proposed. ImprovelgRBand
PSNR performances in JPEG image transmission were
obtained with these UEP schemes [8]. Finally, if)y fBe
performance of three UEP schemes for progressigGJP
image transmission using delay-constrained hybrRRIQA
with iterative bit and symbol combining was prophsBains
of over 9 dB in PSNR were obtained with the UEPesaés
as compared to their corresponding Equal Erroretion
(EEP) schemes.

In contrast with previous works, which considerathby
Turbo codes, this paper proposes an UEP schemd base
duo-binary Turbo codes. These codes provide better
convergence of iterative decoding, have reduceendst
lower sensitivity to puncturing, larger minimumtdisce and
lower memory requirement [10]. Also, the duo-binande
is modified with a scale factor [11,12] and stogpdmiterion
[13] to further improve the performance of the Ustiheme.
The proposed UEP scheme allocates more protedidimet
DC layer, which contains the most significant fihe image
after the DCT operation, and less protection toAGelayer.
This is achieved by using the puncturing matriqescied
for the duo-binary Turbo code of the DVB-RCS stadda
[14]. The UEP scheme outperforms the EEP schemat by
least 10 dB in PSNR over a range of Eb/No values.
Moreover, the gain in PSNR increases as the cdaplgth
of the duo-binary code is increased.

The organization of this paper is as follows. Sectil
describes the complete system model. Sectionrédéenmts
the simulation results and analysis. Section IVchaifes the
paper.
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Il.  SYSTEMMODEL

The complete encoding process is shown in Figulidng.
input image is fed to the JPEG encoder, which dpsran
blocks of 8x8 pixels and performs DCT, quantizatamd
zig-zag ordering [1]. The AC and DC coefficientg dnen
separated into the AC and DC layers. The DC laggraups
the first coefficient from all 8x8 blocks obtainadter zig-
zag ordering and the AC-layer is the concatenatfahe 63
coefficients from all 8x8 blocks. For example with
256x256 image, there are 1024 blocks of size 8xBemth
block has one DC coefficient and 63 AC coefficierthe
DC layer hence contains 1024 coefficients and tGelayer
contains 1024x63 coefficients. To prevent erroppgation,
the AC and DC layers are divided into blocks ofefél 64
coefficients respectively. The blocks of the DC eay
undergo Differential Pulse Code Modulation (DPCMida
DC-Huffman coding. Each block is encoded separaaly
after Huffman coding a header is inserted to indithe size
in bits of the resulting DC-packet. The blocks lb& tAC-
layer undergo Run-Length Encoding (RLE) followedA®y-
Huffman coding and a header is appended to inditede

A code-rate allocation is performed to provide UtP
the DC and AC packets. The DC packets are given the
lowest code-rate while the AC-packets are allocatédyher
code-rate. The packets are then converted intolesugf
length N before being sent to the duo-binary Tuehooder.
The headers are transmitted error-free through de- si
channel. Finally, the encoded couples are QPSK fatmtl
and sent over an Additive White Gaussian Noise (AWG
channel.

The decoding system is shown in Figure 2. The
received noisy arrayR is de-punctured as appropriate and
sent to the first duo-binary decoder, DEC1. DEG&nes
the interleaved counterpart 8. The decoders employ the
Max-Log-MAP algorithm to compute the following
parameters:

(a)ytq(i) (I"',1): The branch transition probability from stéite

to | of symboli at time instantt wherei €(0,1,2,3) for
decoder q, where q =1 or 2. It is computed as\ialfor the
first decoder.

size of each AC-packet. Each DC and AC packet @an b

decoded independently and errors within a packehato
propagate throughout the DC or AC layer.

) Separate
Input 8x8 i Zig-zag AC & DC
- 1+ Quantizer | ing —
Image DCT Ordeing values
¢ v
DC-LAYER

AC-LAYER
v 1

Form blocks of Form blocks of
64 coefficients 63 coefficients

v v

DPCM/ RLE /
DC-Huffman AC-Huffman
DC-Packets AC-Packets

v v

Code-rate allocation for UEP

v v

| Couple formation |

v v

| Duo-Binary Turbo Encoder |

v v

Modulation /
Tranmission over AWGN Channel

Figure 1. Complete encoding system with UEP.
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where,

p(uZ =i) is the a-priori probability of symbol i obtained
from the second decoder,
xti () is the modulated complex symbol at timassociated

with the transition from stat§, =1 to S = | and input
symboli,

R (1) is the received systematic and parity complex
symbols at time.

For the second decoder, the computation yBf) (1)

is similar to equation (1) except that it uses ititerleaved
version of the systematic symbols Rf a different set of
complex parity symbols and the a-priori probabiliby
symbol i obtained from the first decoder i.e.,

p(u; =1)

(b)ad (1) : The forward recursive variable at timand state

I. It is computed according to the following equatfon a
decoder withVis states:

P Ms-1 _, Nyt
atq (I) — |Og zem_l(l )+th1 (BB

I'=0

)
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(c),B_tq(I) ,which is the backward recursive computed at time

. .4_7
t as follows: SZT Azes(i)(l)
- Ms-1 Eq 1)+ m(l " —
Bi(1) =log Ze pal Ve T 3) Controller Aaesi) (1)
I'=0 R (Stopping Criterion) -
t
(d) Agiy () ,which is the Log Likelihood Ratio (LLR) of l S1
Extrinsic
symboli wherei ¢(1,2,3), and the LLRs are normalized to Symbol P oeet [ O Interleaver
the symbol ‘0’. This parameter is computed as fedo Depuncturing | les(i)(l)

_ —>
| Ram A0

Ms-1 —  —— —
Zsleaﬁ.l(l')wﬂ“’(l',l)+ﬂﬁ(|) At (T Extinsio
_ 1= Symbal DEC? De-interleaver
Ngiy() =log v ——— 4) Interleaver
Z L+ D+A2 ) —
1'=0 R:  J Ag(,-)(t) Output Image
Symbol Deinterleaver
€) Nogiy (t) andAoqiy (t) : The extrinsic information of N
(&) Presy el A ,-)(t)¢ ACIDC
symbol i wherei € (1,2,3), are generated by DEC1 and Y| Decoupling/ | Packets | JPEG
DEC2 respectively. They are computed as follows: Detect [ o etization P Decoder
Ales(i)(t) = Al(i)(t) = Nzesi) (t) _A]jn(i)(t) (5) Figure 2. Decoding system with enhanced duo-biRegoder.

A detailed algorithm for the decoding processnsv
presented. In this algorithm, steps 4-12 corresponthe
o ) operations of DEC1 and steps 13-21 of DEC2. The
Niingiy (t) @and Ay (t) are the intrinsic information  of parametersM ! (t), M L, (t), M 5, (t), M ,(t) are used in the
symbol i wherei ¢(1,2,3), are generated by DEC1 andgqnning criterion and the functid) counts the number of
DEC2 respectively. sign changes between the two arguments that asegas

) , it. The functiondetect( ) determines the maximum of the

Further details on the computation of theserpatars are | | R values and outputs either symbol 0,1,2 or 3e Th
given in [14,15,16]. In the enhanced Duo-binaryadfer, arjaple j increases by 1 because the decoder gsesene
the extrinsic information produced by both decodare couple at a time up to a maximum of, Mhich is the total
multiplied by a scale factor S as shown in FigureTBe . per of couples in the image. The variable aradso
application of the scale factor improves perforneanc ,creases by 1 up to a maximum limit & However, the
because the extrinsic information value outputlily Turbo \/5rahle num_jterations, which is used to countrthenber
decoder is most of the time too optimistic, hengestaling ¢ iterations consumed by the decoder, is increeteity
it, better performance is achieved [11-12]. Thetadler o5 This is because the stopping criterion camp ste
unit accepts the extrinsic information from bothcalders decoding process after either DEC1 or DEC2 whegsimh
and uses a stopping criterion [13] to stop theaftee  yocoder consumes 0.5 iterations. For exampler i fgiven
decoding process. At the start of the iterativeod&®  qypje, the decoding process completes 2 fulltitara and
process, switches S1 and S2 are ON and when a giV@flen 4t the third iteration i.e., r=3, after pagsthrough
condition is met, the controller unit turns OFFtbewitches DEC1, the stopping criterion is satisfied, thenyodl5
to stop the iterative decoding process. In this Wéle  ,qgitional iteration is consumed and hence numatiters
decoder avoids the use of extra iterations andcessithe |\l be 2.5 and not 3. The complete decoding atgor is
decoding complexity. This technique also reduces th ¢ sliows:
power consumption of the decoder.

N gegiiy (1) = Ny (1) — Nesi) (t) = Naingy () (6)
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1. num_iterations = 0

2. forj=1:N
3. forr=1ax
4. Computgf® (1), at(1), BH(1) Ay ®) Ay (8

5. num_iterations = num_iterations + 0.5.

My4(t) = Max\jeqz) (1), Aegz) (1) = Max seqq) (), A ey (1))
M1,(t) = Max(\eqs) (1), Asegz (1) = MaX jeqq) (), Asegz) (1))

8. if (r>1)

. _ 1 _ 1
9. if ¢ (Mh(t),l\/l{ll(t))sﬁor f(M{z(t),erzl(t))SN)
10. Goto: line 23
11. endif
12. endif
13, Computgf('l), aZ (1), BE(1) , Agegiy (1), A (1)
14. num_iterations = num_iterations + 0.5.
15. M24(t) = Maxt e (1), A\ zegg) (1)) ~MaX x40) (1), A ey (1))
16. M2(t) = Max seqry (1), A ez (1) = MaXQ zeg0) 1), A e (1)
17. if (r>1)

. _ 1 _ 1
18. i (M21(0) M1 ©) < or f (Mg Mz (9)=-)
19. Goto: line 23
20. endif
21. endif
22. Endfor
23. Decoded couple; = detec({A i) (t)))
24. Endfor

25. Convert the received couples into AC and DC packe
26. Perform JPEG decoding on the received packets.

[ll.  SIMULATION RESULTSAND ANALYSIS

The performances of the following four schemes for

JPEG image transmission are compared:

Scheme 1- UEP with scale factorThis scheme employs
UEP to provide different levels of protection t@tAC and

Copyright (c) IARIA, 2012.  ISBN: 978-1-61208-192-2

DC packets of the image. It also uses a scale rfagtoto
enhance the performance of the duo-binary Turbe dnd
scaling the extrinsic information, as depicted ig.E The
value of S has been set to 0.75 in this simulation.

Scheme 2 - UEP without scale factorhis scheme is
similarly to Scheme 1 but the extrinsic informatisnnot
scaled and the value of S is set to 1.0 in Fig.2.

Scheme 3 - EEP with scale factttris similar to Scheme 1
but equal protection is given to the AC and DC pask

Scheme 4 - EEP without scale factéhis scheme is similar
to Scheme 3 but the scale factor, S, is set to 1.0.

In all simulations, the DVB-RCS standard duo-binary
Turbo code [14] has been used with a stoppingrioiieThe
generator polynomials in octal are g1 = 15 for fésedback
branch, g2 = 13 and g3 = 11 for the parity brancBesiple
lengths of N=64 and N=212 are used and the maximum
number of iterations, b« = 12. Puncturing matrices are
chosen as per the DVB-RCS standard and the 256x2%5 Le
image is used as input. Moreover, it is assumed tta
headers are transmitted error free over a stropgiected
side channel.

The overall coding rate)., was limited toO, < 0.97
bits/pixel and to ensure a fair comparison the aeoding
rate for UEP was kept below that of EEP. However, with
UEP the DC couples are more strongly protected with
code-rate of 1/3 while the AC couples are allocatembde-
rate of 4/5. On the other hand the EEP schemes akbeat
fixed code-rate of 2/3 to both DC and AC couplese Th
overall coding rate, Qis computed as follows:

o, = E(T& + TAJ
T RDC RAC

(7)
where,

T is total number of pixels in the image,

Tpc is the total number of bits in the DC couples,
Roc is the code-rate allocated to the DC couples,
Tac is the total number of bits in the DC couples,
Rac is the code-rate allocated to the DC couples.

The source coding rat&, andO,, vary with the couple
length because different numbers of padding bésequired
to convert the bit stream from the JPEG encoderdntiples
of length N.

Table | gives the values @f, and$. for different couple
lengths, N.

TABLE |
CODING RATES FOR DIFFERENT VALUES OF N
N TDC TAC S: OC
UEP EEP
64 5760 36096 0.639 0.952 0.958
212 5936 36040 0.641 0.959 0.961
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Figure 3 shows the graph of PSNR versus ElfdNthe

four schemes with N = 64. The UEP scheme with scale 10 T T T e
factor provides a gain of 7dB in PSNR over the EEP 110 R N o .g..EEpMch;:j:ctao
schemes at Eb/No = 1.5dB and a major gain of 12dB i : © |- UEP witout e factr
PSNR in the range 2dB Eb/No< 3dB. It also outperforms B N s =B UEP Wil 5Gal facor

the UEP scheme without scale factor by 1dB in P8NRe
range 2dB< Eb/No < 3dB. This gain is achieved because
with the UEP the DC layer is recovered with fewaoes
than the AC-layer and hence, the image can be stcoted
with much less distortions. However, it is observiedt at
high Eb/No values, the gain obtained with UEP ok&P
decreases because the overall errors introductg: irmage

is considerably less.

Number of iterations
< .

30 1 T T o l . --.-:- ------- 1 ot ] -;
» i : -
% ;,..” o
o} shosusssl o Y Figure 4. Number of iterations against Eb/No for B4=
’J v,
2 7
/, 5
uégo : ...,},f o .
FVJ) | E—— RO RO O, ./ RIS, NP 3 .
30 R SO S S AU MO A S |- EEP W] : A |
L : : ,/' : : ~6--EEP with scale factor : s o
14p- o " .;./, S i T S - 26l -&—UEP withoutscalefactor : o
12 y o — ey v B i . P e . B+ UEP with scale factor
0o s s s ~R—EEP WUk scale fackor :
g i | -6-EEPwith scale factor o
: prme e EP without scale factor ~o0k
6 T e | - UEP wihseal acr %15
1 15 2 25 G ¢ 45 5 ¢ - ‘
Figure 3. Graph of PSNR against Eb/No for N = 64. Wi i
12_ 0 R A5 4 S R el T b A el s i
The graph of number of iterations versus Eb/No for o I .
N = 64 is shown in Figure 4. The stopping criteradlows | == _ - e
the number of iterations and hence the decodingptexity
to decrease progressively as the Eb/No is increasel

1 15 2 25
EbiNo{dB)

Figure 5. Graph of PSNR against Eb/No for N = 212.

Interestingly, the UEP scheme with scale factouireg less 0 05
iterations than the EEP schemes in the range
1dB < Eb/No< 3dB and provides an impressive reduction of
5.5 iterations over the EEP scheme without scateifaat
Eb/No = 1dB. Th h of number of iterati Eb/bioN =
Figure 5 shows the graph of PSNR versus Ebfxdhie 212 € grhap 0 nlgm er60 'Ite.ra |(E)ns ve:js;ﬁ " mﬂ_
four schemes with N = 212. The UEP scheme withescal IS Snown In Figure b. 11 IS observed that w ’

- . . he UEP scheme with scale factor takes less iteratihan
factor provides a gain of 10dB in PSNR over the EE!:Ihe EEP schemes only in the range 8dBb/No< 1dB. For

schemes at Eb/No = 1dB and a major gain of 15 dB | b/No > 1.5 dB the EEP scheme with scale factouireg

PSNR in the range 1.5 dB Eb/No < 2dB. It also —— ; .
: significantly less iterations than the UEP schenfes,
outperforms the UEP scheme without scale factoatoyut example, at Eb/No = 2.5dB it requires 5 iteratit than

- ) b
LdB in PSNR in the range 1dBEb/No< 2dB. Moreover, the UEP scheme without scale factor. A possible

with N = 212 the UEP scheme with scale factor adtpens explanation for that is that the threshold usethéstopping
the UEP scheme with scale factor for N = 64, byaerage criterion was not optimized for N = 212 and wasmtgined

of 5 dB in PSNR. The gain is greater with a cougtgth of

N=212 because the performance of the duo-binarjpdur at LN. . .

code improves with increase in couple length. There are two ways in Wh'.Ch the UEP scheme ead to
an increase in complexity with respect to the EEfReme.
Firstly, over a certain Eb/No range, as observe@iguire 5,

the UEP scheme requires more iterations than the EE
scheme. Secondly, with the UEP scheme, the duaybina
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