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I. INTRODUCTION

In recent years, increased attention has been given to the
design of variable length codes (VLCs) for efficient and re-
liable communications. With regard to traditional source
code design criteria, e.g. average code length and efficiency,
Huffman codes are known to be optimal instantaneous source
codes. However, alternative classes of VLCs, such as reversible
variable length codes, exhibit better robustness to transmis-
sion errors. As the name suggests, reversible variable length
codes (RVLCs) allow instantaneous decoding in both direc-
tions, which can be used for error recovery by combined for-
ward and backward processing [1]. The bi-directional pro-
cessing with RVLCs yields improved image quality in video
compression standards (H.263 and MPEG-4).

RVLCs are also advantageous over Huffman codes when
source decoding is performed by the Viterbi algorithm, i.e.
by use of the soft-input trellis-based decoder [2]. The im-
proved performance results from better distance properties
of RVLCs. Furthermore, in combination with convolutional
channel codes, RVLCs outperform Huffman codes when non-
iterative decoding is used, and the improvement can be further
increased with iterative source-channel decoding [2].

Motivated by the good performance of RVLCs and by their
growing popularity in video coding standards, we consider
RVLCs in combination with turbo codes. We discuss RVLC-
turbo coding relative to Huffman-turbo coding, and propose a
new source-channel decoder that exploits the RVLC structure
during the iterative decoding process. We show that the in-
troduced method yields significantly better performance than
other VLC-turbo decoding systems.

II. SOURCE-CHANNEL CODING WITH VLCS AND
TuRBO CODES

Consider a two-stage coding system that consists of a vari-
able length source code followed by a turbo-code. This sys-
tem achieves optimal performance if two conditions are met.
First, the VLC should provide the optimal binary represen-
tation of source symbols, which means that its average code
length (Lavg) should be equal to the source entropy (H(U)).
This condition can be expressed as Es = H(U) - Ey, where Ej
represents the energy per source symbol (at the input of the
VLC), and E, the energy per information bit (at the output of
the VLC). Second, assuming the transmission over a Gaussian
channel, the turbo code of rate R information bits per chan-
nel use should yield a zero error-rate at a signal to noise ratio
higher than Fj/N, = (2> —1)/2R. Therefore, the optimal
source-channel coding scheme should achieve a zero error-rate
at an SNR higher than Es/N, = H(U) - (2*% — 1)/2R. How-
ever, there are limitations associated with VLCs and turbo
codes that preclude the optimal performance. With VLCs,
the average code length depends on the source distribution,

and is seldom equal to the entropy. Turbo codes achieve good
performance at a threshold (about 0.5-1dB) away from the
optimal SNR, and exhibit a non-zero error-rate (”the error
floor”) even at a relatively high SNR levels.

Assume first that source and channel decoding are per-
formed separately, i.e. that after i turbo decoding iterations
the soft-output of the turbo decoder is fed to the VLC decoder.
In this case, the residual source code redundancy remains un-
used during the iterative decoding process, and the iterative
convergence threshold depends only on the channel code and
Ey/N,. For a non-optimal VLC, it holds that Es = Ep, - Lavg,
which implies that a longer Lq.4 causes the decoding conver-
gence at a higher E;/N,. Therefore, in terms of decoding con-
vergence, it is preferable to use a VLC of the shortest possible
code length. On the other hand, in terms of the error floor,
it is advantageous to use a VLC with good error-correcting
properties. While a few turbo decoding errors at the input
of an error-sensitive VLC typically cause a burst of errors at
its output, a more robust VLC is usually capable of correcting
some errors and eliminating the bursty effect. In conclusion, in
the separate source-channel decoding scenario, RVLCs are ad-
vantageous over Huffman codes with regard to the error floor,
but disadvantageous with regard to decoding convergence.

However, it is possible to construct a turbo-VLC decoding
scheme that exploits VLC structure during the iterative de-
coding process. We have developed a number of such schemes,
one early example of which was described in [3]. Iterative
source-channel decoding with turbo codes and RVLCs uti-
lizes error-correcting properties of RVLCs, and therefore yields
good performance at all SNR levels. Simulations results that
verify this can be found in [3].

III. CONCLUSIONS

We have studied the emerging class of robust source codes,
reversible variable length codes, in combination with turbo
codes. Relative to Huffman codes, RVLCs are advantageous
at a high SNR (in the ”error floor region”) due to better error-
correcting properties. However, in the separate turbo-VLC de-
coding scenario, Huffman codes are advantageous over RVLCs
at a relatively low SNR (in the ”waterfall region”). In this sce-
nario, the higher redundancy of RVLCs is unused during the
iterative decoding process. We have proposed a joint iterative
turbo-RVLC decoder, which utilizes RVLC structure, and is
advantageous over other decoding systems at all SNR levels.
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