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ABSTRACT

We present an algorithm for robust scalable video multicast based
on distributed source coding techniques. Unlike prediction based
coders, like MPEG, the proposed framework directly addresses the
problem of drift due to packet losses. Building on the recently
proposed PRISM video coding framework [1], we show that sub-
stantial gains are possible for video multicast over lossy channels
as compared to standard codecs, without a dramatic increase in
encoder complexity as the number of streams increases.

1. INTRODUCTION

Motivated by emerging applications in multimedia over wire-
less networks, this papers addresses the robust scalable video
multicast problem. More specifically, we focus on the prob-
lem of designing a single video bit-stream to serve multi-
ple clients over a wireless network with varying transmis-
sion and loss rates. At a high level, it is desirable for the
codec to have the following requirements: (1) Robustness
to packet drops, (2) SNR scalability for a finite number of
target rates, (3) Minimal compression hit over unicast so-
lution, (4) Lack of “state explosion” with number of tar-
geted rates.

A significant amount of work has been done towards
addressing concerns (1)-(4) and today’s video coders such
as H.263+, MPEG4-FGS (fine-grain-scalability), H.264, 3-
D wavelet based scalable video coders [2, 3], etc. all sup-
port the use of such bit-streams. However, prediction based
coders (like H.26x and MPEG) are inherently fragile in the
face of channel loss since the loss of the predictor leads to
errors in the subsequent frames. Packet losses lead to loss
of synchronization or “drift” between encoder and decoder.
The delay and latency constraints of the video application
may further limit the use of ARQ and FEC schemes to re-
cover from loss. Moreover, with FEC-based schemes one
cannot guarantee that the data will surely be received and if
it is not, the errors will again propagate till the next intra-
frame is received. Hence, despite the fact that there are a
number of innovative schemes for error resilience and error
concealment for H.26x and MPEG coders, the predictive
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coding technique is itself somewhat ill-suited to the espe-
cially harsh conditions of a wireless channel.

While drift is the major problem with predictive cod-
ing frameworks, there is some tension between constraints
(2) and (3) as well. MPEG4-FGS [4, 5] provides a near
continuum of scalability in bit rate but potentially takes a
big compression performance hit [6], in part due to its at-
tempt to satisfy constraint (4) by maintaining a single pre-
dictive loop at the encoder (corresponding to the base-layer
quality) to serve all bit-streams. Efficient predictive coding
frameworks that need to target multiple coding rates nec-
essarily have to keep multiple prediction loops at the en-
coder. Indeed, the H.263+ [7] coder uses a multiple loop
structure, taking into account the presence of different qual-
ity predictors at different decoders. Consequently H.263+
bit-streams suffer less of a hit in terms of loss over the non-
scalable case [8]. However, the multiple loop structure leads
to added complexity and limits the number of possible rates
at which the stream can be decoded [2].

The rigid computational complexity partition of predic-
tive codecs (with the encoder performing the entire motion
compensation task) ties the decoding of a video block to a
single predictor. If it were possible for part of the motion
compensation task to be moved to the decoder where any
one of multiple predictors could be used to decode the video
block then the robustness of the codec would be greatly en-
hanced (since decoding would no longer be tied to a specific
predictor). Recently, the PRISM framework [1] was pro-
posed for video coding based on the principles of distributed
source coding. PRISM allows for a part (or all) of the mo-
tion compensation task to be moved to the decoder. The
PRISM codec is inherently robust to losses in the bit-stream
and significantly outperforms standard video coders, such
as H.263+ for transmission over packet loss channels [9].
Other video coders based on distributed source coding tech-
niques and exhibiting such error resilience properties have
also been proposed [10, 11].

Building on the PRISM framework we propose a novel
scalable video coding algorithm based on the principles of
distributed video coding. The algorithm takes into account
that different decoders may have predictors of different qual-
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ity available. This scalable video coder is designed specif-
ically to provide good performance in the face of channel
losses. In particular, we will focus on the case when most
of the motion compensation task is performed at the de-
coder. This is of particular relevance to emerging “uplink”
multimedia applications (such as users multicasting video
from their cellphones).

Recently, a scalable video coding algorithm based on
distributed source coding ideas was proposed in [12]. The
algorithm of [12] is similar in philosophy to MPEG4-FGS
and the goal seems to be to provide a progressive bit-stream
that can be decoded at any rate (within a certain range). On
the other hand, our objective is to solve the multicast prob-
lem where different clients can receive at specific rates.The
major distinction between our work and that of [12] is that,
in what is to follow in Figure 1, [12] is restricted to the spe-
cial case of Yb = Yg . Further, [12] does not discuss the
effect of drift (which is our main focus).

2. BACKGROUND ON PRISM

The PRISM video coder is based on the principle of source
coding with side information. The Wyner-Ziv Theorem [13]
deals with the problem of source coding with side-information.
The encoder needs to compress a source X when the de-
coder has access to a source Y . X and Y are correlated
sources and Y is available only at the decoder. From in-
formation theory we know that for the MSE distortion mea-
sure and X = Y + N where N has a Gaussian distribution,
the rate - distortion performance for coding X is the same
whether or not the encoder has access to Y [13, 14].

For the problem of source coding with side information,
the encoder needs to encode the source within a distortion
constraint, while the decoder needs to be able to decode the
encoded codeword subject to the correlation noise (between
the source and the side-information). While, the results
proven by Wyner and Ziv are non-constructive and asymp-
totic in nature, a number of constructive methods to solve
this problem have since been proposed wherein the source
codebook is partitioned into cosets of a channel code.

For the PRISM video coder [1], the video frame to be
encoded is first divided into non-overlapping spatial blocks
of size 8x8. The source X is the current block to be en-
coded. The side-information Y is the best (motion - com-
pensated) predictor for X in the previous frame and let X =
Y+N. We first encode X in the intra-coding mode to come
up with the quantized codeword for X. Now, we do the syn-
drome encoding, i.e., we find a channel code that is matched
to the “correlation noise” N, and use that to partition the
source codebook into cosets of that channel code. The en-
coder transmits the syndrome (indicating the coset for X)
and a CRC check of the quantized sequence. In contrast
to MPEG, H.26x, etc., it is the decoder’s task to do motion
search, as it searches over the space of candidate predictors

one-by-one to decode a sequence from the set labeled by the
syndrome. When the decoded sequence matches the CRC
check, decoding is declared to be successful. For further
details please refer to [15].

Robustness Characteristics of PRISM : The key as-
pect here is that PRISM does not use the exact realization
of frame (N − 1) while encoding blocks in frame N , but
only the correlation statistics. Note that if the decoder does
not have frame (N − 1) (or a part of it) due to channel loss,
it might still have blocks from frame (N−2). If the correla-
tion noise between any of these blocks and the current block
is within the noise margin for which the syndrome code was
designed the current block can be decoded.

3. PROPOSED SCALABLE VIDEO CODING
ALGORITHM

Fig. 1. System block diagram

Let us first consider the problem when we only have 2
clients. The set-up is as shown in Figure 1. Decoder 1 has a
rate constraint of R, while decoder 2 has a rate constraint of
R + ∆R. Yb and Yg are the predictor blocks (from pre-
vious frame(s)) available to decoders 1 and 2 respectively.
Yb and Yg form the side-informations for the respective
decoders. Since decoder 2 receives data at a higher rate,
it will have a better predictor (and hence the better side-
information) than the decoder 1. Xb and Xg are the recon-
structions of the source X by decoders 1 and 2 respectively.
Xg is a better reconstruction than Xb.

Heegard and Berger [16] provided the optimal rate-distortion
region for this problem for the case when ∆R = 0. Stein-
berg and Merhav [17] have recently extended the result of [16]
to cover the case of non-zero ∆R, where X − Yg − Yb

forms a Markov chain. The Markov chain implies that the
lower rate user’s side-information is a degraded version of
the better user’s. The entire optimal rate-distortion region
for this problem is provided in [17]. In the interests of sim-
plicity, we will restrict ourselves to one important operat-
ing point in this region. This point corresponds to the case
where the entire rate R can be utilized by decoder 1.

The solution for this case calls for the generation of 2
codebooks C1, and C2. The rate of codebook C1 is R while
that of C2 is ∆R. The source X is quantized using C1, and
C2 to generate the codewords U and W respectively. Con-
ceptually the decoding process is as follows: the codeword
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U is first decoded by both decoders. Xb is the reconstruc-
tion by decoder 1 and let X

′

g be the reconstruction by de-
coder 2. X

′

g is a better reconstruction of X than Xb due
to greater estimation gains (because of the presence of the
better side-information at decoder 2)1. Now, the codeword
W is decoded using X

′

g as the side-information. Note that
it would be sub-optimal here to assume that the reconstruc-
tion by decoder 2 is also Xb and we get a rate rebate by us-
ing the better reconstruction X

′

g . In the multicast scenario,
this system can be implemented by outputting the “base”
rate R and the “enhancement” rate ∆R bit-streams on two
multicast ports. Clients can either choose to join only the
first multicast group (thus receiving only rate R) or they can
choose to join both multicast groups (thus receiving the full
rate R + ∆R).

Mutiple users: The extension to more than 2 users is
relatively straight-forward. For example, let there be a third
client in the system with a rate constraint of R + ∆R +
∆R′. Then we will encode the R and ∆R bit-streams just
like in the two-client case while the new ∆R′ bit-stream
will be coded keeping in mind the better reconstruction that
the third client has after it has decoded the R and ∆R bit-
streams.

Unlike the H.263+ encoder, our encoder needs to main-
tain a relatively small amount of “state” information relat-
ing to the statistical correlation between the current frame
and the different predictors at the decoders. While details
depend on the exact implementation (e.g., a single scalar
quantity representing the estimated correlation noise might
suffice), the key difference is that in the predictive cod-
ing framework, deterministic copies of each predictor frame
need to be kept in the encoder state. This allows our algo-
rithm to scale with the number of users.

3.1. Coding Strategy

As mentioned above, Wyner-Ziv based side-information cod-
ing requires partitioning a source codebook into good chan-
nel codes. In our earlier work of [9], we had presented a
novel source coding strategy for PRISM where the source
codebook is partitioned into cosets of a multilevel code. We
present a short description of the encoding and decoding
strategies.

Consider an m-level partition (see Figure 2) of a lattice.
At each level i, a subcodebook is completely determined by
a bit, Bi, for that level and i − 1 bits from previous lev-
els, Bj ; 1 ≤ j ≤ i − 1. Encoding may then proceed by
by first quantizing X to the closest point in the lattice at
level 0, and then determining the path through the parti-
tion tree to the subcodebook at level m, that contains the
codepoint representing X . The path will specify the source

1Note that this estimation gain comes from multiple independent looks
at the source data [13].

Fig. 2. Partitioning the Integer lattice into 3 levels. X is
the source, U is the (quantized) codeword and Y is the side-
information. The number of levels in the partition tree depends
on the effective noise between U and Y given X .

bits, Bi; 1 ≤ i ≤ m, that are to be transmitted to the de-
coder. The number of levels in the partition tree can be var-
ied based on the effective noise between U and Y given X .

It can be shown that the Wyner-Ziv problem can be de-
composed into m parallel Wyner-Ziv problems where each
sub-problem requires its own separate encoding rate. In
fact, each level can be treated as a one level partition and
a separate encoder and decoder can be designed to achieve
a desired rate for that level. This allows us to perform syn-
drome coding with linear error correction codes at each level
to compress the bits at that level down to the desired rate.
As in [18, 19], we can perform multistage decoding at the
decoder to recover codeword used by the encoder.

4. SIMULATION RESULTS

Fig. 3. Compression Performance Results in terms of PSNR (dB)
for the 2 client/2 rate case. “Dec.1” & “Dec.2” refer to Decoder
1 & Decoder 2 respectively. As in Fig 1, Dec. 1 gets rate R and
Dec. 2 gets rate R + ∆R. The unicast case is when the encoder
sends two separate bit-streams to decoders 1 and 2.

In this section we present some preliminary results that
showcase the promise of our approach. We present results
for the two client/two rate case using the “uplink” PRISM
framework (i.e. one in which motion compensation is per-
formed at the decoder) and compare it to the H.263+ coder2

2Free Version of H.263+ obtained from Univ. of British Columbia.
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Fig. 4. Performance comparison (for Multicast) of scalable PRISM, H.263+, and H.263+ protected with FECs (Reed-Solomon (RS) codes
used, 20% of the total rate used for parity bits) for the Football & Stefan sequences. (a) Football at Decoder 1 (rate R = 327kbps) (b)
Football at Decoder 2 (rate R + ∆R = 524kbps) (c) Stefan at Decoder 1 (rate R = 720kbps) (d) Stefan at Decoder 2 (rate R + ∆R =

823kbps). For the FEC case, protection was given only to the base layer.

in enhancement mode. For our tests, we restrict ourselves
to the case when the entire rate R can be utilized by the
lower rate client (Decoder 1). The results are shown in Fig-
ure 3. As can be seen from the last column of Figure 3, the
scalable PRISM codec suffers a smaller hit in compression
efficiency than H.263+ over their respective unicast cases.

We also tested our scheme using a channel simulator
(obtained from Qualcomm, Inc.) for wireless networks con-
forming to the CDMA 2000 1X standard. As can be seen
from Figure 4, the scalable PRISM codec is superior to
scalable H.263+ as well as scalable H.263+ protected with
FECs (RS codes used, 20% of total rate used for parity bits)
by a very wide margin (5-8 dB). This verifies that the scal-
able PRISM architecture is well suited to the wireless mul-
ticast problem.

5. CONCLUSIONS AND FUTURE WORK

We have presented a robust scalable video coding scheme
by employing the principles of distributed source coding.
Currently, we are in the process of building a downlink ver-
sion of the PRISM codec, designing the uplink coder to
work efficiently at lower rates and running extensive tests
to further validate our approach.
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