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Abstract: Genetic algorithm is applied to index assignment for mul-
tiple description vector quantization (MDVQ) over memoryless binary
symmetric channel (BSC) with packet erasure. The cost evaluation
function is presented based on this hybrid model. Simulation results
based on the bit error rate for binary symmetric channel and the packet
erasure rate demonstrate the usefulness of the proposed optimization
scheme.
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1 Introduction

Multiple descriptions coding (MDC) [1, 2] has been shown to be a robust
scheme for communication based on the diversity to overcome channel im-
pairments. The basic idea is to separate and code the information into several
parts transmitted through several channels. Each part of the transmitted
information is called description. For packet loss free, the transmitted in-
formation can be fully recovered through the received descriptions in the
decoder. Due to the channel impairments, some descriptions might be loss,
the decoded information with a limited distortion level can be guaranteed
even only part of the descriptions are received. The application of two de-
scriptions for vector quantizer has been investigated [3, 4] and the index
assignment has been shown to be useful to reduce the distortion for multiple
description vector quantization (MDVQ) based on the packet erasure for un-
reliable channels [5]. However, the evaluation function in [5] is only based on
packet erasure. Bit error may be happen due to noisy channels. In this letter,
both the packet erasure and the bit error for memoryless binary symmetric
channel are considered together to generate the evaluation function for this
hybrid model. The optimization of index assignment based on the genetic
algorithm [6] can efficiently overcome the channel impairments of this hybrid
model.

2 Binary symmetric channel with packet erasure

Briefly, we only draw MDVQ with two channels shown in Fig. 1. Given the
packet erasure rate for the jth channel, pPERj , the packet erasure channel
model for receiving the index īj after sending the index ij can be expressed
as

P
(
Īj = īj | Ij = ij

)
=

⎧⎪⎨
⎪⎩

pPERj , if īj = φ

1 − pPERj , if īj = ij

0, else
, (1)

where φ means packet erasure.
Assume H (̄ij, ij) is the Hamming distance between the sending index ij

and the receiving index īj and the bit string length of ij and īj is L. Given

Fig. 1. MDVQ with two channels
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the bit error rate for the jth channel, pBERj , the binary symmetric channel
model can be expressed as

P
(
Īj = īj | Ij = ij

)
= pBERj

H (̄ij ,ij)
(
1 − pBERj

)(L−H (̄ij ,ij))
(2)

Combine Eq. (1) and Eq. (2), the mathematical model for binary symmetric
channel with packet erasure can be formulated as

P
(
Īj = īj | Ij = ij

)
=

⎧⎨
⎩

pPERj , if īj = φ

pBERj
H (̄ij ,ij)

(
1 − pBERj

)(L−H (̄ij ,ij))
, else

(3)

Assume N and K are the number of codevectors and the number of
descriptions, respectively. Denote Sj the partitioned set for the jth channel
and aj(•) the mapping function for the index assignment in the jth channel.
yλ is the codevector, λ = 0, . . . , N − 1, and X̄ is the reconstructed vector
after decoding the descriptions. d(•, •) is the distortion between two input
vectors. The design of the MDVQ is to minimize the channel distortion as
following:

D =
N−1∑
λ=0

P (I = λ)
∑

∀ī1∈S1

· · ·
∑

∀īK∈SK

d
(
yλ, X̄ (̄i1, · · · , īK)

)

·
K∏

j=1

P
(
Īj = īj | Ij = aj(λ)

)
, (4)

If the codebook size is 64 and the number of indices in each channel is 16,
the design of index assignment is to locate 64 codevecors in the 256 entries
(i.e. 16 × 16). Obviously it is a combinatorial optimization problem. The
genetic algorithm can be applied to assign the indices for all channels so as
to minimize the channel distortion in Eq. (4).

3 Simulation results

1000 training data and 1000 test data with two dimensions are generated
from the Gaussian source with zero mean and unit variance, respectively.
The Generalized Lloyd algorithm [7] is used to generate 64 codevectors from
the training data. Experiments are based on two channels and the size of
indices for each channel is 16. The first experimental results shown in Fig. 2,
is assumed the packet erasure rate is 0 and simulate the SNR for the bit error
rate from 0 to 0.5 for the proposed method and the diagonal method [1]. The
second experiment is based on the assumption that the bit error rate is 0 and
the packet erasure rate is from 0 to 1.0. Simulation results are shown in
Fig. 3. All the experiments confirm the proposed method is useful for this
hybrid model.

4 Conclusion

A hybrid model based on the memoryless binary symmetric channel and
packet erasure channel is studied. The evaluation function for this model
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Fig. 2. Index Assignment Results for PER = 0, BER =
0.0∼0.5

Fig. 3. Index Assignment Results for BER = 0, PER =
0.0∼1.0

is presented. The presented hybrid model and optimization scheme can not
only improve the signal to noise ratio for the packet erasure channel but also
reduce the channel distortion due to the bit errors in the noisy channels.
Simulation results based on genetic algorithm demonstrate the robustness of
the proposed method.
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