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Abstract—This paper proposes an iterative joint source-
channel decoding of variable length codes (VLC) sequences
exploiting the inherent redundancy in the source stream,
namely (i) the VLC structure (ii) the sequence structure. An
optimum Soft-Input Soft-Output (SISO) Maximum Likelihood
(ML) decoder of VLC sequences which is able to exploit both
types of redundancies is first proposed, and shown to be
optimal. This algorithm is then used in an iterative joint
source-channel decoding. Performance results for transmitting
video over AWGN channels are presented and compared to the
Soft-Output Viterbi Algorithm (SOVA) VLC decoder.

I. INTRODUCTION
Joint source-channel decoding (JSCD) aims at making use
of the bit stream properties to introduce robustness in the
VLC decoding. Three main categories of JSCD can be
distinguished depending on the the bit stream properties.
The first family [2-5] uses the remaining source redundancy
due to the VLC structure. The second family [6-8] uses
redundancy associated to both the VLC structure and the
Markov model of the source which exploits the correlation
between two successive source samples. The third family
exploits the structure of both the VLC and the bit stream.
However, first results of this third category [9] only exploit
one part of the structural properties of the bit stream. We
have shown in a previous paper [10] that if additional
structural properties of the bit stream, such as these
constraints, are exploited, much more redundancy can be
used for correcting errors. In H.263 standard[1], each VLC
codeword corresponds to a triplet (run, level, last). Papers
[10,11,15] showed that any compressed image block
sequence S should meet the constraints:
1. Sum of “run” values over all VLC codewords (denoted

the number of DCT coefficients) should be less or
equal to the total number of coefficients DCTcoefN

DCTcoef
S  sequence  of  codewords  VLC

vlcS NrunR ≤+= ∑ )1(  (1)

2. Only the last codeword has the field “last” equal to one.
Similar properties exist in H.263++, H.264, MPEG

standards. Sequences meeting these constraints will be
denoted as feasible sequences. However, a straightforward
modification of the SISO algorithms of [2-9] could hardly
take into account these constraints on the whole sequence
issued from the source. An optimum hard-output algorithm
ables to exploit these additional properties is proposed in
[11] and a reduced complexity version in [15]. The classical
way of obtaining Soft-Output Viterbi Algorithm (SOVA)
for VLC decoding [3,14] could be applied to the algorithm
of ref.[11]. Nevertheless, this version would involve only
the survivors at each step. Our proposed version involves an

average over all feasible paths, thus reaching optimality.
The corresponding decoder is described in the first part of
the paper. It delivers both optimum hard-outputs and
optimum soft-outputs in the ML sense. The proposed
optimal SISO VLC source decoder is then applied in an
iterative joint source-channel decoding scheme on real
video sequences.

II. OPTIMAL ML SOFT-OUTPUT DEFINITION
A. Problem formulation and definition

With same notations as [10,11,15], Y denotes the received
image block sequence of N bits; Ω : the set of all feasible
sequences; X an element of Ω . If the a priori distribution
of the source is uniform, the optimum hard-output sequence
in the maximum likelihood sense is defined by:

)/(arg)/(arg YXPMaxXYPMaxX
XXML Ω∈Ω∈

== (2)

To get the optimum soft-output solution, all feasible
sequences of the set Ω  have to be considered. We note the
binary bit streams of X, MLX  and Y as:

Ni xxxX ......1= , Ni yyyY ......1= , ML
N

ML
i

MLML xxxX ......1= .
The optimal reliability (soft-output) associated to the i-th bit

ML
ix of the binary bit stream of MLX  as: )( ML

ixL  is:
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We partition the set Ω  with respect to the value ( 1± ) of

ix , into the sets: { }1)1( ±=Ω∈=Ω ±
ii xX . The marginal

probabilities of ix is:

∑ ∏
±Ω∈ =

=±=
)1( 1

)()()1(
iX

N

l
lalli xPxypYxP (4).

If )1( YxP i ±=  and MLX  are known, the soft-outputs

defined by equation (3) can be computed.
B. Proposed optimal ML SISO VLC decoder outlines

The proposed SISO VLC decoding algorithm is based on
the hard-output VLC decoding algorithm of [11,15]. The
survivor selection takes into account the conventional
Viterbi metric[13], the VLC structure and the source
semantics constraints on the sequence [10,15]. Only
candidate sequences of same length λ in bits and same
number of DCT coefficients r are considered for the
survivor selection. The set of all feasible paths associated to
each possible value of (r, λ) is denoted r,"λ∆ . Only one ML

survivor ML
r

S
,"λ∆ is selected and all other sequences of the set
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r,"λ∆  are discarded. Hence, the soft-outputs should take

into account this decision of saving only one survivor path
and discarding all other paths. The information on the
reliability of this decision is stored into two vectors,
denoted as decision reliability vectors )(

,"
1 ML

r
SMg λ∆

± , which

are computed from the probabilities of all associated paths
including the discarded ones. The decision reliability
vectors correspond to the marginal a posteriori probabilities
of the set r,"λ∆ . The two decision reliability vectors

)(1 ML
fSMg±  associated to the final survivor ML

fS  (the hard-

output solution) of length N provides the values of the

marginal probabilities )1( YxP i ±= , and the soft-outputs

defined by equation (3). The soft-outputs provided by
existing SOVA VLC decoders [2-5,14] are computed from
only one part of the set Ω , hence they are not optimal
because some of the discarded paths are not taken into
account. The soft-outputs provided by our algorithm include
the whole set Ω , hence are optimal. In addition, they
exploit both types of source redundancy associated to the
structures of the VLC and of the sequence. This makes them
more efficient than the existing SOVA-based soft-outputs
(section V).

III. SOFT-OUTPUT COMPUTATION
A. Algorithm description outlines

Sequences of length strictly smaller than N bits are called
incomplete sequences. The algorithm is based on the
recursive computation of a number of lists of sequences kL

which contains all incomplete feasible VLC survivor paths
of k codewords. At each recursion, 1−kL  is available, kL  is

to be constructed. For each possible length λ of sequences
of the list kL , we compute the set λ’∆ of feasible sequences

of length λ ,DQG� EHLQJ� WKH� FRQFDWHQDWLRQ� RI� RQH� VHTXHQFH
from 1−kL  and one codeword from the VLC codebook. We

identify the ML sequence MLS
λ’∆  over the set λ’∆ , and its

associated number of DCT coefficients MLSr λ’∆
. Then, we

compute the subset r,"λ∆ of the set λ’∆ of sequences whose

associated numbers of DCT coefficients are equal to r

which is smaller than MLSr λ’∆
. We identify and save the ML

sequence ML
r

S
,"λ∆  over each set r,"λ∆ . The two associated

decision reliability vectors )(
,"

1 ML
r

SMg λ∆
± are computed. At

this step, a list of survivor feasible sequences for all

possible associated values r smaller than MLSr λ’∆
, containing

exactly k VLC codewords, and of length λ, is obtained. If
N=λ , these survivors are stored in F. If N<λ , these

survivors are stored in kL . The recursion is finished when
all survivor sequences are of length N. At the end, we obtain
the list F containing all feasible VLC survivor sequences of

k codewords, of length equal to N bits, and meeting both
VLC structure constraints and source-induced constraints on
the whole sequence.

B. Computation of the decision reliability vectors
This section outlines the computation of the elements

),(
,"

1 iSMg ML
rλ∆

± of the two decision reliability vectors

)(
,"

1 ML
r

SMg λ∆
± associated to the ML sequence ML

r
S

,"λ∆

mentioned in the previous section.

At step 2.6, the ML sequence ML
r

S
,"λ∆  associated to the

Viterbi metrics over the set r,"λ∆  is identified. Only this

survivor sequence ML
r

S
,"λ∆  is saved, while the other

sequences of the set r,"λ∆  are discarded. Thus, the two

vectors )(
,"

1 ML
r

SMg λ∆
±  should store the information on the

reliability of this decision of selecting one sequence as the
survivor and of discarding the other sequences. More
precisely, the quantities )(

,"
1 ML

r
SMg λ∆

±  are the (non

normalized) marginal a posteriori probabilities of each
symbol. In this paper, we consider binary sequences.

Hence, for each bit to be decoded, we need to compute
the probabilities of this bit being equal to 1 or -1. The set
Ω  of all feasible sequences (section III-A), is required for
computing and normalizing these probabilities. But, the
whole set Ω  is known only at the end of the algorithm.
Thus, in the algorithm, we need to recursively compute and
store the marginal and non-normalized a posteriori
probabilities )(

,"
1 ML

r
SMg λ∆

±  of each bit of being equal to 1

and –1, of the set r,"λ∆ . A normalization operation is made

at the end of the algorithm (section III-F).
The impact of all sequences 

r
S

,"λ∆
of the set r,"λ∆

(discarded or not in the survivor selection process) is taken

into account by summing the contributions )(
,"

1

r

S
λ

ψ
∆

± of

each candidate sequence:

∑
∆∈

∆
±

∆
±

∆

=
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ML SSMg

,
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λ
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λλ
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For binary sequences, the quantities )(
,"

1

r

S
λ

ψ
∆

±  are the

marginal and non-normalized a posteriori probabilities of
each bit of being equal to 1 and –1, of the set of all
discarded paths corresponding to the selection of the
sequence 

r
S

,"λ∆
as survivor sequence.

Hence, the quantities )(
,"

1 ML
r

SMg λ∆
±  and

)(
,"

1

r

S
λ

ψ
∆

± defined above, are vectors of size λ,

corresponding to λ bits of the sequences of r,"λ∆ . Hence,

the λ components of the vectors )(
,"

1 ML
r

SMg
λ∆

±  are
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computed by: ∑
∆∈

∆
±

∆
±
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 We now evaluate the components of the vectors

)(
,"

1

r

S
λ

ψ
∆

± . At the construction of the list kL , all

sequences 
r

S
,"λ∆

of the set r,"λ∆  are the concatenation of

one sequence 1

,"
−

∆
k

r

LS
λ

from the previous list 1−kL  and one

VLC codeword k
r

V
,"λ∆

from the codebook: kL
r

k

rr
VSS

,

1

,, """ λλλ ∆∆∆
−= .

We note:

- ML
is  (resp. r

is ,"λ∆ ) the i-th bit of sequence
ML

r
S

,"λ∆
(resp.

r
S

,"λ∆
),

- µ   and ν, respectively, the lengths in bits of the
subsequence 1

,"
−

∆
k

r

LS
λ

 and of the codeword k
r

V
,"λ∆

,

- )( 1

,"
1 −

∆
± k

r

LSMg
λ

are the two associated decision reliability

vectors of 1

,"
−

∆
k

r

LS
λ

.

The µ   first components of )(
,"

1

r

S
λ

ψ
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± corresponding to

the µ   bits of the sub-sequence 1
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−

∆
k

r

LS
λ

are equal to the

associated values taken from )( 1
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1 −

∆
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and  multiplied

by the probability of k
r

V
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in order to take into account the

concatenation:
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The ν  last components of )(
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the ν  bits of the codeword k
r

V
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are computed as follows. If

the corresponding bit r
is ,"λ∆

of the codeword k
r

V
,"λ∆

is equal

to 1, there is no contribution of the sequence 
r

S
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C. Final soft-output computation
At the end of the recursion, the list F is obtained. Each

sequence FS  in the list F has two associated vectors of non-

normalized a posteriori probabilities )(1
FSMg± . The

optimal hard-output sequence ML
fS is selected from the

obtained list F as the survivor sequence with the smallest
metric[11,13]. The associated vectors )(1 ML

fSMg±  are

computed as: ∑
∈

±± =
FS

F
ML
f

F

iSMgiSMg ),(),( 11  and the

probabilities )1( YxP i ±=  are obtained by normalizing the

vectors )(1 ML
fSMg±  as:

),(),(
),(

)1( 11

1

iSMgiSMg

iSMg
YxP ML

f
ML
f

ML
f

i −

±

+
=±= (5).

 The corresponding log-likelihood can be computed as:
)1()( YxPxL i

ML
i ±==  if 1±=ML

ix .

D. On the optimality of the algorithm
The algorithm provides the same hard-output as ref.[11] that
has been proved to be optimal. The optimality of the soft-
outputs as defined in section III can be proved by a
recursive proof that is outlined in this section. As defined in
section III-A, the soft-ouputs are optimum if the whole set
Ω  is taken into account. We denote kΩ  the subset of the
set Ω  of sequences of k codewords, and K the set of values
k such as kΩ  is not empty. { } Κ∈Ω kk is a partition of the set

Ω .  It can be proven that for each value k of the set K, there
is one and only one sequence of k codewords in the list F. It
can be also proven that the decision reliability vectors

1±Mg  of each sequence of the final list F correspond to the

marginal a posteriori probabilities of the associated set kΩ .

Hence, the vectors )(1 ML
fSMg± associated to the final

survivor are the marginal a posteriori probabilities of the
whole set Ω . Thus, all the paths are taken into account and
the optimality is reached.

E. On the complexity of the algorithm
Like the SOVA for VLC[3], this algorithm performs an
update of the soft-outputs associated to each selected
survivor path. However, the SOVA is usually based on a
log-max approximation. Hence, each update operation
corresponds to some comparisons and some additions. Each
update operation of our algorithm corresponds to the
computation of the decision reliability vectors as described
in section IV-A. More precisely, for each of the two
decision reliability vectors, the update requires one addition
and one multiplication, or only one multiplication, or no
operation, depending on the considered case. Nevertheless,
our algorithm is optimal. A log-max approximation can be
applied to reduce the complexity, and specially the
multiplications. In this case, this log-max algorithm has a
comparable complexity with respect to the SOVA for
VLC[3]. Our algorithm has another advantage:  more  paths
are pruned than in the existing algorithms, thanks to the
exploitation of the source semantics. Fewer paths imply
fewer required computations.
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V. SIMULATION RESULTS
As in [10,11,15], the performance metric is chosen as the
image block error rate (IBER), defined as follows :

 blocks  dtransmitte of number
decodedy erroneousl are that blocks of number

r =

Our intent here is only to show how these new soft-outputs
and the full use of the source semantics could improve the
decoding performance. A set of H.263 encoded image
blocks from three classical video sequences: “ Mother-
daughter” , “ Foreman” , “ Irene” , is used for simulation. This
set of image blocks is transmitted over a Gaussian (AGWN)
channel with the BPSK modulation, then decoded with two
iterative joint source-channel decoding schemes: (i) using
the conventional SOVA VLC source decoder exploiting
only the VLC-structure[2-5], (ii) using  the proposed
optimal SISO VLC source decoder exploiting both types of
redundancy: from the VLC-structure and from the structure
of the sequence. The iterative joint source-channel decoding
algorithm is shown in Fig.1. The quantities exchanged
between the channel and source decoders are extrinsic
probabilities. Fig. 2 plots the IBER at the output of the
channel decoder.

Fig.1: Iterative joint source-channel decoding

Fig.2: IBER at the output of the channel decoder for two iterative joint
source-channel decoding schemes: (i) using the SOVA VLC decoder
exploiting only the VLC structure (ii) using  the proposed SISO VLC
decoder exploiting both the VLC structure and the sequence structure

In this iterative decoding framework, our algorithm
outperforms the SOVA decoder in a noticeable manner on
the whole range of SNR and for any iteration. A gain of 0.5
to 2.3 dB in terms of IBER is obtained. Fig.2 shows that at
the 1st iteration the performance of the channel decoding is
the same in both cases, because the data have not been

processed by the SISO source decoder yet. However, after
the first iteration, the iterative system using our SISO
decoder outperforms already the one using the SOVA VLC
decoder at its 4th iteration, which is also its limit iterative
performance. This gain grows even more significantly at the
2nd iteration with our proposed SISO VLC decoder. The
gain obtained by the iterations (between the 1st and the 4th

iterations) is about 0.5 to 1.5 dB in terms of IBER for our
VLC decoder, while only up to 0.5 dB for the SOVA VLC
decoder. The gain introduced by iterations is much larger in
our case because our source decoder is more efficient. For
the same performance, our SISO source decoder only needs
one iteration to reach the limit performances of the previous
algorithms. Hence, the complexity is roughly divided by 4
for the same performance.

VI. CONCLUSION
This paper proposes a new SISO VLC decoder which can

deliver both optimum hard-outputs and optimum soft-
outputs in the ML sense, with linear complexity in the
number of VLC codewords. This decoder can exploit both
the VLC structure and the intrinsic structure of feasible
VLC sequences of image blocks. The soft-outputs provided
by the proposed algorithm outperform the ones from the
conventional SOVA, while the complexity is similar to that
of existing methods for decoding VLC sequences, which
only make use of a partial redundancy. Furthermore, our
method always provides a feasible VLC sequence of a valid
image block.
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