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Abstract. We present an embedded packetization framework for lay-
ered multiple description codes, in which both the base layer and the
enhancement layer share the same number of packets, while each packet
is partitioned into two parts, each belongs to one layer. In this frame-
work, optimizing a single multiple description code for high-bandwidth
clients and directly applying it to low-bandwidth clients only result in
slight performance degradation for the latter. We also propose two local
search algorithms, with one extending the solution optimized for low-
bandwidth clients to be available for high-bandwidth clients, and the
other improving the weighted average performance of both high- and
low-bandwidth clients. Our analysis shows that the performance gains
are significant, and a better performance tradeoff among all clients can
be achieved than previous solutions.

1 Introduction

Multiple description coding (MDC) [1] has recently emerged as an attractive
framework for robust multimedia transmission over unreliable channels. Many
methods of MDC have been developed over the years. One particularly efficient
and practical method is based on priority encoding transmission (PET) tech-
nique [2], which combines scalable source coding with unequal error protection
(UEP) to minimize the impact of lost packets on the quality of network service.
The idea is to partition a scalable source bitstream into segments of decreasing
importance, and protect these segments using progressively weaker forward error
correction (FEC) channel codes, so as to convert a scalable, prioritized bitstream
into multiple non-prioritized descriptions (packets), and achieve the best joint
economy of source and channel codes. We call this MDC method as FEC-MDC
in this paper.

Chou et al. [3] proposed codes which split multiple descriptions of FEC-MDC
into layers, and introduced the concept of layered multiple description coding
(LMDC). This technique has the advantages of both layered codes and multiple
description codes, as it allows low bandwidth clients to receive a base MDC
layer while high bandwidth clients to receive both a base and an enhancement
MDC layer. In their construction, packets are partitioned into two parts, such
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that different layers consist of different number of packets, while each layer has
the same packet length. In this scenario, optimizing a single FEC-MDC for
one layer and directly applying it to another layer may result in a potentially
large distortion for the latter. In [3], Chou et al. first optimized the base layer
packets for low-bandwidth clients, then proposed two methods to optimize the
additional packets in the enhancement layer to minimize the distortion for high-
bandwidth clients. Even using these two methods, they declared that the best
overall performance of high-bandwidth clients was still 1.4 dB away from the
minimum possible distortion optimized under non-layered environment.

In this paper, we present a new packetization framework for LMDC. We
partition the layers across vertical direction, i.e., every packet is split into two
parts belonging to base layer and enhancement layer respectively. In this scheme,
optimizing a single FEC-MDC for high-bandwidth clients and directly applying
it to low-bandwidth clients only result in slight performance degradation for
the latter. We also propose two local search algorithms, with one extending the
solution optimized for low-bandwidth clients to be available for high-bandwidth
clients, and the other improving the weighted average performance of both high-
and low-bandwidth clients.

In Section 2, we review the background of FEC-MDC and LMDC. In Section
3, we present our new LMDC packetization framework and two local search
algorithms. In Sections 4, we present our results, and in Section 5 we present
our conclusions.

2 Background

2.1 FEC Based Multiple Description Coding

For scalable video coding, the original video sequence is often partitioned into
groups of frames (GOF), with each GOF containing a fixed number of frames
and being encoded into an independent embedded bitstream. Consider trans-
mission of an embedded source bitstream over a packet loss channel using N
packets of L bytes each. In the FEC-MDC framework, the source bitstream is
divided into L consecutive segments S, ..., St of m; € {1, ..., N} bytes each and
each segment is protected by an (N, m;) systematic RS code. Let f; = N —m;
denote the number of RS redundancy bytes that protect segment S;, 1 < i < L.
If n packets of N are lost, the RS codes ensure that all segments that contain at
most IV —n source bytes can be recovered. Since the embedded source bitstream
is sequentially refinable, decoding of the S; segment depends on all the previous
i — 1 segments, thus the number of redundancy bytes must be monotonically
non-increasing in the segment index, i.e., f; > ... > fr. Under this constraint, if
at most f; packets are lost, then the receiver can decode at least the first i seg-
ments. In this paper, we use an L-dimensional vector Fr, = (f1, ..., fr,) to denote a
FEC-MDC protection scheme (FPS), where f; € {0,..., N—1} and f; > ... > fr.
Let px(n) denote the probability of losing exactly n packets out of N and let
en(k) = ZﬁZOpN(n), k =0,...,N, then cy(f;) is the probability that the re-
ceiver correctly recovers segment S;. Let ¢(r) be the rate-distortion function of
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the embedded source bitstream, which is a monotonically non-increasing func-
tion, then the expected distortion of the reconstructed sequence at the decoder
side can be expressed as

L

Ep(FL) = en(N)o(0) — ZCN(fi)(éf’(Ti—l) = ¢(rs)), (1)

i=1

where ; = >, _,mg = iN — >, _; fr,1 < i < L. Hence the objective of this
problem is to find the FPS Fy, = (f1,..., fr.) that minimizes (1), for given N, L,
pwv(n), and ¢(r).

Several researchers devised efficient algorithms addressing this problem [4,
5, 6, 7, 8]. Dumitrescu et al. [7] presented a globally optimal algorithm, but
its complexity was too high in both time and space to be used in real time. In
all experiments of this paper, we use the algorithm of Mohr et al. [5], whose
performance is near optimal and time complexity is also acceptable.

2.2 Layered Multiple Description Coding

Chou et al. [3] partitioned FEC-MDC into layers and constructed layered multi-
ple description codes. In their constructions, the base MDC layer consists of Ny
packets per GOF, while the enhancement MDC layer consists of Ny packets per
GOF, thus that each packet has a fixed length of L bytes. The base MDC layer
is transmitted to each low-bandwidth client, while both the base and enhance-
ment MDC layers are transmitted to each high-bandwidth client. The first Ny
packets are shared by both low-bandwidth and high-bandwidth codes. We call
this framework as Fixed-length Packetization Framework (FPF).

There are two naive methods to construct an LMDC in this framework.
One is to optimize a single FEC-MDC for high-bandwidth clients, and split
it into base and enhancement layers by transmitting only the first N7 pack-
ets to low-bandwidth clients. This may result in a large distortion for low-
bandwidth clients. The other method is to optimize a single FEC-MDC for
low-bandwidth clients, and transmit all of it, plus No additional parity packets,
to high-bandwidth clients. This may give a large distortion for high-bandwidth
clients. For convenience, following we denote these two methods as FPF-A and
FPF-B respectively.

In [3], Chou et al. presented two additional methods to alleviate the perfor-
mance degradations. Both methods first optimize the N; packets of the MDC
base layer for low-bandwidth clients, and then optimize other N, packets in the
MDC enhancement layer to minimize the distortion for high-bandwidth clients,
using two different constructions. The idea of the first one, following called FPF-
C, is to borrow some number g of the Ny packets from the enhancement layer
to protect the base layer as additional parity packets, while the other Ny — ¢
packets in the enhancement layer are used to protect the remaining source bytes
not already present in the base layer. The second method repeats some of the
less protected bytes from the end of the base layer in the enhancement layer,
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protects them together with the remaining source bytes not already present in
the base layer using all No packets. Both these two methods can achieve the
possible best performance for low-bandwidth clients, but still 1.4dB worse than
their minimum possible distortion for high-bandwidth clients, declared by Chou
et al. in [3], where the source coder used was MPEG4-FGS. The results are un-
acceptable for situations in which the population of high-bandwidth clients is
greater than that of low-bandwidth clients.

3 Embedded Packetization Framework for LMDC

We construct LMDC using a different way from above. In our construction, both
the base layer and the enhancement layer consist of the same N packets per GOF,
while each packet is partitioned into two parts, with the first L; bytes belonging
to the base layer and the remaining Lo bytes belonging to the enhancement layer.
All bytes of each packet are transmitted to high-bandwidth clients, while only the
first Ly bytes of each packet are first truncated and grouped into a new packet,
and then transmitted to low-bandwidth clients. In this construction, each packet
of low-bandwidth MDC codes are embedded in the packets of high-bandwidth
MDC codes, thus we denote it as Embedded Packetization Framework (EPF).

In this framework, for a given LMDC construction, the FPS for low-
bandwidth clients must be a prefix of the FPS for high-bandwidth clients. Thus
the problem of constructing an LMDC becomes to find only an FPS for this
LMDC that optimizes for both high-bandwidth clients and low-bandwidth clients
jointly.

For convenience, we denote the FPS solely optimized for low-bandwidth
clients as Fﬁ = (fE, ..., f}i), and the FPS solely optimized for high-bandwidth
clients as FL1L11+L2 = (ff{7...7ffl,ffll+17...,ffl+L2). Now there are three meth-
ods we can use to construct a LMDC. The first one, denoted as EPF-A, is to
directly use Fﬁ+L2 as the FPS of this LMDC. In this case, high-bandwidth
clients can reach their possible minimum distortion, while low-bandwidth clients
may suffer slight performance losses. The second way is to use F g as a prefix
of this LMDC’s FPS, and then extends it to the length of L; + Ly. This may
result in the possible minimum distortion for low-bandwidth clients, and also
slight performance degradations for high-bandwidth clients. The final method is
to construct a FPS optimized neither solely for high-bandwidth clients nor solely
for low-bandwidth clients, but is optimal for the weighted average performance
of them. In this section, we present two local search algorithms for the latter
two methods.

3.1 Local Search Algorithm by Extending the FPS Optimized for
Base Layer

Assume the first Ly elements of an LMDC FPS Fr,, 11, have been determined
by F ﬁ , now we consider the problem of finding other Ly elements to mini-
mize the expected distortion seen by high-bandwidth clients. Our algorithm is
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inspired from the local search method of Stankovic et al. [8]. Let Fp,1p, =
(le, ...,ffl,fL1+1, --~7fL1+L2)7 there must be ff;l 2 fL1+1 Z Z fL1+L2~ Thus
we can start from the solution with fr, 41 = ... = fo,41, = ffl and iteratively
decrease the protection strength to find the possible best solution.

Definition 1. Let Fr,1p, = (f, ... [, fLas1 - fLi+L,) e a feasible solu-
tion for a given LMDC. The neighborhood of Fr,,1 1., consists of the solutions of

the form: (f1B7 neey f[?pf[q-‘rla sy fL1+L2—17 fL1+L2 — 1)a (lea sy f[?laflq-‘rh seey

fL1+L2—1 717 fL1+L2 71)5 ey (lea () f[?laf[q"rl 717 ceey fL1+L2—1 717 fL1+L2 71)7
which are also feasible solutions for the LMDC.

Based on this definition, we give a local search algorithm as follows.

Algorithm 1 (EPF-B). Local search by extending the FPS optimized for base
layer.

1. Initializes current feasible solution: Fr, 11, = (f&, .. ,le,fLIH le s eee
frivr, = fﬁl)

2.1f fr,+1, =0, stop and return Fr,r, as the best solution.

3. Search for the solution F' Ll +1,» whose expected distortion is the minimum
in the neighborhood of Fr, 41,

4. 1f Ep(Fy ,1,) < Ep(Fr,11,), set Fp 4, = FL1+L2 and go to Step 2;
else stop and return Fr,, 41, as the best solution.

For convenience, we denote the FPS optimized using this algorithm as

FL1+L2 (fl IR aleafL1+17- ’fL1+L2)

3.2 Local Search Algorithm by Optimizing Weighted Average
Performance

If an LMDC is optimized for high-bandwidth clients, it is not fair for low-
bandwidth clients especially when their population is greater than that of the
former, and vice verse. In this section, we define a weighted average performance
measurement, and propose a local search algorithm to optimize it. Assume the
fraction of high-bandwidth clients in total population is h, and the fraction of
low-bandwidth clients is 1 — h,0 < h < 1, then for a given LMDC, its weighted
average expected distortion is defined as

WEp(Fr,+1,,h) =h-Ep(Fr,+1,) + (1 —h) - Ep(FL,), (2)

where F7,, is a prefix of Fr,yp,.

The solutions obtained from the first two methods, Fifl 41, and Fﬁ 4L, Can
be seen as two special cases by minimizing (2) with A = 1 and h = 0 respectively.
Experiments show that the protection strength of F' LHl 11, is stronger than that

of F g +1,- We also proofed this observation in [9], assume the rate-distortion
function is strictly convex. If we denote the optimal FPS of minimizing (2) in
general case as FK+L2 = (7, ...,j”z‘f+L2)7 then we guess that the curve of
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FV, ., is between that of FfL ; and FP ;. ie., the protection strength of

F}V_ ,, is stronger than that of F? ; and weaker than that of Ff' . Based
on this conjecture, we devise two local search algorithms to resolve F LMI/ 4 L,» One

starting from F’ ﬁ/ 11, and iteratively increasing its protection strength, while the
other starting from F f{ 11, and iteratively decreasing its protection strength.
Due to limitations in space, following we only describe the first one.

Define fo = N and fL1+L2+1 = —1.For 1 S 7 S Ll +L2+1, if fz 7& fi—l , We
call 7 a redundancy change point. In each iteration, we search the neighborhood
of current feasible solution from every possible redundancy change point.

Definition 2. Let Fr, 11, = (f1,., fL,+L,) be a feasible solution for a given
LMDC. The neighborhood of Fr,yr, at redundancy change point ¢, 1 < i <
L1+ Lo, consists of the solutions of the form: (f1, ..., fi—1, fi+1, fit1, o, JL1+Lo)s

(frseo ficts fit s fin 1 oo foagnn) s oo (F1s oo fimts Jit Ly fia+ 1, oo frory +
1), which are also feasible solutions for the LMDC.

Algorithm 2 (EPF-C). Local search by optimizing weighted average perfor-
mance. )

1. Initializes current feasible solution: Fr,4p, = FP |, set cont = 1.

2. If cont = 0, stop and return Fr,, .1, as the best solution; else set cont = 0,
1=1.

3. If =N —1, go to Step 6.

4. Search for the solution Fy ;. = (f1, s fio1s fit 1, ooy finj +1, fijrts oo
fri+L,), whose weighted average expected distortion is the minimum in the
neighborhood of Fr, 1, at redundancy change point 4.

5.1 WEp(Fy 1., h) < WEp(Fp,41,,h),setFp, 1, = Fy ., ,cont =1,
andi=1+4+7+ 1.

6. Repeat i = ¢+ 1, until 7 is a redundancy change point. If i < Ly + Ly , go
to step 4; else go to Step 2.

4 Results

In our experiments, we use a two-state Markov process to simulate the channel
model, with mean packet loss probability being 0.1 and mean burst length being
approximately 11. The derivation of py(n) for this model can be found in [10].
The operational rate-distortion function ¢(r) was obtained by encoding the first
16 frames of the video sequence Foreman (CIF format) as a GOF, using the 3D
SPIHT scalable video codec [11]. We choose N = 64, L1 = Ly = 625 bytes for
EPF framework, and Ny = Ny = 32, L = 1250 bytes for FPF framework, which
is the same as used in [3].

Figure 1 shows the FPSs resolved by method EPF-A; algorithm EPF-B, and
algorithm EPF-C with A = 0.5. The curve of EPF-A is above that of EPF-
B, which means that the protection strength of the FPS resolved by EPF-A is
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Fig. 1. FEC-MDC protection schemes resolved by EPF-A; EPF-B and EPF-C
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seen by high- and low-bandwidth clients, age distortion, achieved using various
achieved using various methods methods

stronger than the one resolved by EPF-B. The curve of EPF-C is situated almost
in the middle of other two curves. This is accordant with our imagination.

Figure 2 compares the performance of different methods in FPF and EPF
frameworks seen by high- and low-bandwidth clients. For high-bandwidth clients,
both FPF-A and EPF-A can achieve the possible highest PSNR; FPF-B has a
large distortion of nearly 2 dB worse than the best one; FPF-C improves it, but
still has a gap of 0.9 dB worse than the best one; the performance of EPF-B is
slightly better than that of FPF-C, moreover its complexity is much lower than
that of the latter; the performance of EPF-C with A = 0.5 is very close to the
best one, the difference between their PSNRs is only 0.18 dB. For low-bandwidth
clients, the possible best PSNR achieved by FPF-B and FPF-C is less than that
of EPF-B, because the parameters they used, N and L, are different; FPF-A has
a large distortion of nearly 3 dB worse than that of FPF-B; the PSNRs achieved
by EPF-A and EPF-C with h = 0.5 are only 0.6 dB and 0.15 dB less than
the best one achieved by EPF-B respectively. Though the solution of algorithm
EPF-C is optimized neither for high-bandwidth clients nor for low-bandwidth
clients, its performances for high- and low-bandwidth clients are very close to
their possible best ones, suffering no more than 0.2 dB penalties.

Figure 3 compares the weighted average performance achieved by various
methods as parameter h changes from 0 to 1. It can be seen that the weighted
average performances of all methods in FPF framework are obviously worse than
that in EPF framework. In EPF framework, EPF-A can achieve good average
performance when h is near to 1; EPF-B can achieve good average performance
when h is near to 0; while EPF-C can achieve good average performance almost
for all values of h between 0 and 1, only slightly worse than EPF-A when h
comes very near to 1.
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5 Conclusion

We have presented an embedded packetization framework for LMDC, in which
even naive methods can achieve good performance. We have also proposed two
local search algorithms: the first one extends the solution optimized for low-
bandwidth clients to be available for high-bandwidth clients, while the sec-
ond one optimizes the weighted average performance of both high- and low-
bandwidth clients. Our analysis shows that the proposed scheme can achieve
significant performance gain; especially the second algorithm can achieve near-
best performance for both high- and low-bandwidth clients, and fairly adapt to
changing population distributions.
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