
ERROR RESILIENT JPEG2000 DECODING FOR WIRELESS APPLICATIONS

Simone Zezza, Maurizio Martina, Guido Masera

Politecnico di Torino
VLSI Laboratory

10129 Torino, Italy

Saeid Nooshabadi

Gwangju Inst. of Sci. and Tech.
Dept. of Info. and Comm.

Gwangju, 500-712, Republic of Korea

ABSTRACT

To improve the JPEG2000 compression standard error re-

siliency in the wireless environment, the use of ternary MQ

arithmetic coders/decoders that are based on the concept of

forbidden symbol has been proposed. This paper presents

two ternary MQ based techniques to reduce both the compu-

tational complexity and the memory requirement during the

decoding process, with no or little degradation in the PSNR.

Index Terms— Arithmetic coding, JPEG2000, wireless

multimedia communications

1. INTRODUCTION

The JPEG2000 standard has excellent code compression ef-

ficiency. However, suffers from potential errors in the com-

pressed bit-stream [1, 2], making it unattractive in a wireless

environment. Parts 1, 2 and 3 of the standard provides for er-

ror resilience tools that are based on the insertion of markers

at the code stream level, and on the termination of the MQ

arithmetic coder after each coding pass at the entropy cod-

ing level [3]. These tools are recognized to guarantee a suf-

ficient degree of protection when the transmission conditions

are not severe, but they exhibit unsatisfactory performance in

presence of difficult channel conditions. The JPWL ad-hoc

group is proposing several tools to increase JPEG2000 bit-

stream error resilience. Some of these tools, based on the

Reed-Solomon codes, are employed not only to yield unequal

error protection and graceful degradation of the data concern-

ing the image (or frame) inside the bit-stream [1], [4], but also

to preserve JPEG2000 headers. Other techniques are based

on the use of sequential arithmetic coding [5, 6]. In [5] soft

re-synchronization markers are employed, whereas in [6], the

sequential decoding is achieved through the use of a ternary

arithmetic coder scheme employing a forbidden symbol.

The work in [6] proposes a maximum likelihood (ML)

and a maximum a-posteriori (MAP) context-based decoder,

that are specifically tailored to JPEG2000 arithmetic coder,

and are able to carry out both hard and soft decoding of a

corrupted code stream. The error resilience tool proposed in

[6] exhibits very high performance, in terms of PSNR, when

compared to the standard JPEG2000 decoding. However, this

scheme is extremely demanding both in terms of amount of

memory and average time required to decode a single frame.

The aim of this paper is to reduce the memory requirement

and the computational complexity of the scheme proposed

in [6] through the application of two simplifying algorithms,

without introducing any significant performance degradation.

2. JPEG2000 OVERVIEW
In JPEG2000 codeblocks are processed by the Embedded

Block Coding with Optimized Truncation (EBCOT) algo-

rithm [3]. Tier 1 of EBCOT embodies the bit-plane and the

arithmetic coders. The bit-plane coder is responsible for the

context formation, required to find an appropriate model for

the coefficient context. The output of the context formation

is a coded coefficient (decision bit) d and a context x. The

arithmetic coder is responsible for (dec)compressing the data.

JPEG2000 employs the MQ coder [7] that encodes the

decision bits D = {d0, .., dL−1}, which belong to a code-

block in the DWT domain, into a compressed code string C
of length N . Each decision bit di ∈ D is accompanied by its

own context label xi ∈ X = {x0, .., xL−1} where L is the

number of decision bits in a code-block.

3. ERROR CORRECTING ALGORITHM
In order to implement the error correcting algorithm in [6],

the MQ encoder and decoder have been modified introducing

a forbidden symbol in the binary alphabet. In the following,

the modified MQ will be referred to as MQF.

Assigning a small non zero probability of occurrence to

the forbidden symbol, the decoder can detect an error in the

compressed bit-stream [8] in a continuous manner. In fact,

when an error occurs, after a certain delay, the arithmetic de-

coder selects the interval associated with the forbidden sym-
bol. The amount of delay depends on the probability assigned

to the forbidden symbol [6], [8].

Fig. 1 shows the sub-division scheme for MQ with a sub-

interval allocated for the forbidden symbol. A forbidden re-

gion μ with the probability Qf has been introduced at the

base of the probability interval. The probability of the least

probable symbol (LPS) is represented by Qe. The presence of

Qf requires a minor modification of the encoding procedure.

At each encoding step, Qf must be added to the code string
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Fig. 1. Interval division in MQ coder with forbidden symbol
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ĉ

ĉ
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Fig. 2. Binary tree used for the error correction with the mod-

ified MQ decoder. Metrics mj are updated according to algo-

rithm SMA introduced in Sec. 4.2

.C, in order to skip the forbidden interval. The introduction of

the forbidden symbol allows for error detection at the decoder,

which is able to stop decoding as soon as the received code

C falls into the forbidden region. This event can be easily

monitored by checking the inequality condition C < Qf .

The continuous error detection capability of MQF makes

it possible to design a sequential decoder, able to exploit the

forbidden symbol redundancy for error correction [6].

Consider the jth decoding step of the MQ decoder. Dur-

ing the decoding of the single bit cj , j = 0, .., N − 1 from

the code string C a variable Kj number of decision bits Dj =
{dj

0, ..., d
j
Kj−1}, are decoded. Dj is accompanied by the cor-

responding context Xj = {xj
0, ..., x

j
Kj−1}.

Let us suppose that the MQF decoder receives a code

string R = {r0, .., rN−1}, transmitted across a noisy chan-

nel. The samples rj , j = 0, .., N − 1 represent the channel

output and can be either hard decoded bits or soft values. In

the presence of noise, the decoder goal is to estimate the best

code string Ĉ = {ĉ0, .., ĉN−1} that does not cause a forbid-
den symbol detection. Consequently the decoding task can be

formulated as a constrained MAP estimation problem:

Ĉ = arg max
C

P (C|R) (1)

where P (C|R) can be expressed in the additive form as [6]:

logP (C|R) ∝
N−1∑
j=0

mj (2)

with
mMAP

j = logP (rj |cj) + log(Dj)

mML
j = logP (rj |cj) ∝ − (rj−cj)

2

2σ2

(3)

where σ2 is the noise variance.

We use the simpler ML criterion as its performance is

similar to MAP criterion [6]. The best candidate Ĉ can be

obtained by means of a sequential search along the decoding

tree, which represents all the possible code strings of length

N as shown in Fig. 2. In the illustration of Fig. 2, the bit in-

dex j = 0, . . . , N − 1 is reported on the horizontal axis, and

each node αj corresponds to a certain MQF decoding state at

step j. Moreover, the node stores the value of the accumu-

lated a-posteriori probability =
∑

mML
j .

Consider a given node j in the tree: the two departing

transitions are labeled with the possible estimates ĉj = 0 and

ĉj = 1; given the node αj and the estimated bit ĉj , a decoding

step is performed along each branch, thus obtaining a variable

number of decoded bits Dj , according to the contexts Xj re-

quested by EBCOT decoding passes. If a forbidden symbol is

detected, the branch is pruned; otherwise the final node αj+1,

along with the updated a-posteriori probability, is stored in

the subsequent node. Clearly, the decoder goal is to pick up

the survivor path Ĉ with the maximum a-posteriori probabil-

ity. However, for the typical values of the block length N ,

it is infeasible to explore the whole binary tree, which grows

exponentially with the bit index j; therefore the suboptimal

M-algorithm has been used in [6]. At each stage, the M-

algorithm limits the search space to the M nodes that exhibit

the highest a-posteriori probabilities.

4. EFFICIENT IMPLEMENTATION OF AN ML
DECODER

Table 1 summarizes the results for the ML based error cor-

recting M-algorithm proposed in [6]. The case M = 0 refers

to direct decoding without error correction and it is reported

for comparison purposes, whereas M = 8 has been selected

as it assures optimal performance [6].

Next we present two novel techniques to reduce the

computational complexity and memory requirement of M-

algorithm in [6]; Variable M-Algorithm (VMA) and Sim-
plified M-Algorithm (SMA). The experimental results are

worked out using the same conditions assumed in [6]. All

the results reported below have been obtained running the

modified VM8.6 model on a Centrino Duo 1.8 GHz machine,

equipped with 2 GBytes of RAM. The valgrind tool [9] was

used to estimated the memory requirements.

4.1. Technique 1: Variable M-algorithm (VMA)

After the occurrence of an error in the code stream a variable

number of symbols is processed before the error is detected.

For a given Qf , the probability that n symbols are processed

before the detection of the error is given by [8]:

δ = (1−Qf )n (4)

The probability expression in (4) rapidly decays with n. We

use this fact to argue that using the optimum value M = 8,

across all the corrupt compressed code-blocks in a frame, is

too conservative and results an unnecessary processing time

and memory overhead.
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Table 1. Average decoding time for a single frame, the corresponding PSNR performance and the memory usage for the cases

of decoding without error correction and M-algorithm [6]. (0.5 bpp rate, QCIF (176×144) Foreman sequence and Qf = 0.02).

BER=10−3 BER=10−4

Alg. M Time(ms) PSNR(dB) Mem.(kByte) Time(ms) PSNR(dB) Mem.(kByte)
JPEG 2000 Part I 0 2 23.7 160 2 26.8 160

[6] 8 106 29.7 541 37 30.2 420

Table 2. Average decoding time for a single frame, the corresponding PSNR and the memory usage for the VMA technique

(0.5 bpp rate, QCIF (176× 144) Foreman sequence and Qf = 0.02).

BER=10−3 BER=10−4

Alg. M M∗ M∗∗ Time(ms) PSNR(dB) Mem.(kByte) Time(ms) PSNR(dB) Mem.(kByte)
VM 2 4 4 44.2 29.1 305 9.4 30.1 255

VM 2 4 8 46 29.7 336 11.0 30.2 261

VM 2 8 8 63.5 29.7 436 10.3 30.2 295

VM 4 8 8 58.4 29.7 365 16.9 30.1 334

[6] 8 8 8 106 29.7 541 37 30.2 420

In our modified Variable M-algorithm, we follow a differ-

ent strategy. We start with a smaller value for M and pro-

gressively apply larger values M∗∗ > M∗ > M only for

code-blocks that cannot be successfully corrected with M .

Table 2 presents the simulation results for different

choices of M , M∗ and M∗∗. Comparing these results with

those in [6] it can be observed that for BER=10−3, the par-

ticular choice of M = 2, M∗ = 4 and M∗∗ = 8 achieves

a reduction of 57% in the decoding time and 37% in the

memory usage, without any loss of PSNR performance. The

choice of M = 2, M∗ = M∗∗ = 4 allows for a reduction of

58% in the processing time and 44% in the memory usage, at

the expense of only 0.6 dB reduction in the PSNR.

The results reported for BER=10−4 are even more impres-

sive; with the choice of M = 2 and M∗ = 4, VMA achieves

a 70% saving in the computation time and 39% in the memory

usage with no PSNR degradation.

4.2. Technique 2: Simplified M-algorithm (SMA)

In order to select the best M paths, at each step j, the M-

algorithm requires to sort the accumulated metrics
∑

mj .

However, the computationally expensive sorting step can be

avoided through a modification of the AWGN a-posteriori
ML criterion in [6]. The additive metric (3) can be re-written

as:

mj

{
m1

j = mj−1 − (rj−1)2

2·σ2 if ĉj = 1

m0
j = mj−1 − (rj+1)2

2·σ2 if ĉj = 0
(5)

Recognizing the scaling and translational invariance of

the ML criterion, (5) simplifies to:

mj

{
m1

j = mj−1 + rj if ĉj = 1
m0

j = mj−1 if ĉj = 0 (6)

The following describes how metric (6) can replace the

sorting function required by the M-algorithm.

Starting from a generic root node α1
j , of the tree depicted

in Fig. 2, we perform an extension to two new nodes: α1
j+1

and α0
j+1. The former is the leaf node obtained from the root

node α1
j decoding ĉj = 1 (one extension) and the latter is

that obtained decoding ĉj = 0 (zero extension). If m1
j is the

accumulated metric of the root node, the metric of α1
j+1 can

be computed using the first part of (6) i.e. m1
j+1 = m1

j + rj ,

where rj is the soft value at the channel output associated

with the transition j → j + 1. The metric of the node α0
j+1

can be computed using the second part of (6) as m0
j+1 = m1

j .

The numerical example in Fig. 2 depicts the application

of the metric in (6) in building the binary tree for two sets of

generic extensions at steps j+1 and j+2. At each step j only

M nodes with the highest metric values are selected and used

for the next set of extensions, whereas the rest are pruned.

In order to select the best M nodes without the use of

the computationally demanding full quick-sort algorithm, two

simple buffers, One-Vector and Zero-Vector of length M, have

been used. In the former we load the nodes obtained by the

one extension and in the latter those obtained by the zero ex-
tension. At each sorting step the two buffers heads are com-

pared and the one with the highest metric is chosen as one of

the M values. Depending on which buffer provides one of the

M values the content of that buffer is right shifted by one po-

sition. The comparison and shifting continues until all the M

values are selected. As an example the reader can follow the

node selection process at stage j + 1 in Fig. 2.

One important feature of computing the node metrics us-

ing the ML criterion in (6) is partial ordering of the metric val-

ues in One-Vector and Zero-Vector buffers. The metric values

in two buffers are always ordered in the ascending order from

the left to right. This partial ordering permits the selection of

the M nodes with the highest metric values using the simple

comparison and shift operations.
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Table 3. Average time required to decode a single frame, the corresponding PSNR performance and the memory usage for the

SMA technique (0.5 bpp rate, QCIF (176× 144) Foreman sequence and Qf = 0.02).

BER=10−3 BER=10−4

Alg. M Time(ms) PSNR(dB) Mem.(kByte) Time(ms) PSNR(dB) Mem.(kByte)
SMA 8 34 29.7 541 14 30.2 420

[6] 8 106 29.7 541 37 30.2 420

Table 4. Comparative performance evaluation of three best samples from the proposed techniques; VMA, and SMA (0.5 bpp

rate, QCIF (176× 144) Foreman sequence and Qf = 0.02).

BER=10−3 BER=10−4

Alg. M M∗ M∗∗ Time(ms) PSNR(dB) Mem.(kByte) Time(ms) PSNR(dB) Mem.(kByte)
VMA 2 4 8 46 29.7 336 11.0 30.2 261

SMA 8 8 8 34 29.7 541 14 30.2 420

VM+SMA 2 4 8 17 29.7 336 6 30.2 261

[6] 8 8 8 106 29.7 541 37 30.2 420

Performance of SMA in terms of average time and mem-

ory required to decode a single frame and PSNR are reported

in Table 3. Comparing these results with those reported in [6],

it can be observed that SMA exhibits the same PSNR perfor-

mance and requires the same amount of memory as the error

correction algorithm proposed in [6]. However, SMA pro-

vides for a speed-up improvement of about 68% and 62% for

the BER values of 10−3 and 10−4, respectively.

4.3. Comparison of decoding schemes
From the data in Table 4, we conclude that for BER=10−3 the

SMA provides the best decoding time with a speed-up im-

provement of about 68% and no memory saving with respect

to [6]. The speed-up improvement and memory saving for the

VMA technique are 57% and 38%, respectively.

On the other hand, for the less severe transmission condi-

tions, (BER=10−4), the VMA provides for the best decoding

time with speed-up improvement of about 70% and a mem-

ory saving of 38% with respect to [6]. SMA instead offers a

speed-up improvement of about 62% and no memory saving.

4.4. Combined technique
Table 4 also reports the results obtained by combining VMA
(M = 2, M∗ = 4 , M∗∗ = 8), and SMA techniques. Com-

paring the results for the combined technique and those in [6]

the speed-up for BER=10−3 is about 84% with the memory

reduction of 39%, and no loss of PSNR performance. For

BER=10−4 the speed up is about 84%, the memory reduction

is 38%, and there is no loss of PSNR.

5. CONCLUSIONS
In this paper we described two novel techniques to reduce the

processing time and the memory requirements of the MQF

decoding for JPEG2000 with a forbidden symbol. The pro-

posed techniques effectively reduce the computational com-

plexity of M-algorithm by up to 87%, with no or insignificant

reduction in the PSNR or visual image quality. The proposed

techniques provide a good solution for error correction for

motion JPEG2000 on a noisy wireless channel.
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