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ABSTRACT

In this work, we present PRISM (Power-efficient, Robust,
hlgh-compression, Syndrome-based Multimedia coding), a
new video coding paradigm based on the principles of dis-
tributed source coding. Incurring the low encoding com-
plexity of intra-frame (still-image) video coding, PRISM
approaches the high compression efficiency of full-motion
inter-frame video coding, while simultaneously offering nat-
ural robustness to the drift problem and channel lossin di-

rect contrast to conventional video coding architectures (MPEG

and H.26L). These traits make it well-matched to uplink-
rich applications such as multimediaover wirel ess networks,
wireless video and sensor cameras, etc.

1. INTRODUCTION

We are at the dawn of a new era where traditional views
of video transmission (primarily television broadcast mod-
els) are being challenged. With the expected proliferation
of digital camera equipped cellular phones as well as the
emergence of low-power surveillance and sensor networks,
the days of typecasting mediatransmission as a*“downlink”
experience (e.g., TV broadcast) are over. Under the existing
video codec architectures, the video encoder isthe computa-
tional workhorse of the video codec, with its computational
complexity dominated by the motion compensated predic-
tion operation. The conventional video decoder on the other
hand isarelatively lightweight device operatingina*“ dsave”
mode to the encoder. Such a model is obviously at com-
plete odds with the emerging class of “uplink” rich media
applications such as video transmission over wireless net-
works (e.g., cellular or 802.11) and low-power video sensor
networks (e.g., surveillance or security applications). The
architectural reguirements here include:

1. low-power and computational complexity at the
mobile/sensor node for both encoding and decod-
ing of video: thisis critical to prolonging battery life
of these low-power devices;

0-7803-7663-3/03/$17.00 ©2003 IEEE

IV - 856

Kannan Ramchandran

UC Berkeley,
EECS Dept.,
{kannanr }@ecs. ber kel ey. edu

2. high compression efficiency: both bandwidth and
transmission power areat apremium, calling for max-
imal compression efficiency;

3. robustness to channel loss. transmission losses in
the wireless medium can lead to packet drops or even
frame drops which can lead to drift between the en-
coder and the decoder.

Current video coding paradigms fail to simultaneously
address these demanding requirements satisfactorily. The
predictive or inter-frame video coding mode achieves high
compression efficiency, but it is computationally heavy at
the encoder while also being very fragile to packet losses.
Alternatively, intra-frame video coding methods have low
computational complexity and arerelatively robust to packet
drops but achieve poor compression efficiency. This raises
the interesting question of whether it is possible to architect
anew video coding paradigm that isdriven to attain all these
requirements possibly at the expense of shifting the compu-
tational burden from the encoder to the decoder (see Figure
1).
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Fig. 1. (a) Conventional video encoding architecture comprises of ahigh
complexity encoder and a low complexity decoder. (b) Proposed video
coding paradigm (PRISM) comprising of alow complexity encoder achiev-
ing the compression performance of the conventional framework.

Motivated by this, in this work, we present PRISM [1]
(Power-efficient, Robust, hlgh-compression Syndrome based
Multimedia coding), a novel video encoding paradigm that
represents a significant departure from the traditional video
coding methods. Leveraging the power of distributed com-
pression methods [2, 3], PRISM incurs the low encoding
complexity of still image compression methods, approaches
the compression performance of conventional video coding
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techniques and additionally offersthe feature of robustness.
A typical network configuration involving the PRISM codec
consists of alow-complexity PRISM encoder at the transmit
node and a conventional low-complexity decoder at the re-
ceive node that areinterfaced through a base station that has
a “trans-coding proxy” that efficiently converts the PRISM
bit-stream into a standard bit-stream (e.g., MPEG/H.26L).
Under this architecture, the entire computational burden has
been absorbed into the network device.

Inthis paper, in addition to introducing the PRISM paradigm,

we will present a specific implementation of the PRISM
framework that isinspired by staying close to current video
standardsinvolving block motion-compensationand DCT’s.
The scope of applicability of the framework extends to be-
yond this narrow instantiation however.

2. BASIC CONCEPTS
To get insights into the PRISM coding approach, we first

examine an instructive toy example that was first presented
in[4] (See Figure 2).

2.1. Examplefor Coding with Side Information

X
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Fig. 2. X and Y are correlated, length 3-bit binary data equally likely
taking each of the 8 possible values, individually. The Hamming distance
between the codeword for X and that for Y isat most 1. (a) Both encoder
and decoder use the side information Y which is correlated to X. Here X
can be encoded with 2 bits. (b) Only decoder accesses Y. Here too, X can
be encoded using 2 bits.

Let X and Y belength 3-bit binary datathat can equally
likely take on each of the 8 possible binary 3-tuples. How-
ever, X and Y are correlated such that the Hamming dis-
tance between X and Y is a most 1. The goal is to effi-
ciently encode X in the two scenarios shown in Figure 2 so
that it can be perfectly reconstructed at the decoder.

Scenario 1: In the first scenario (see Figure 2 (8), Y
is present both at the encoder and at the decoder. Here X
can be predicted from Y. Theresidue (X & Y') or the error
pattern of X with respect to Y takes 4 distinct values and
hence can be encoded with 2 bits. X, Y and the correla-
tion between X and Y are respectively analogousto the cur-
rent video block, the predictor from the frame memory, and
the temporal correlation between successive video frames.
Hence this mode of encoding is similar to predictive cod-

ing.

X X X
— 4{ ENCODER }—> DECODER  |—=

Scenario 2: Here, unlike thefirst scenario (see Figure 2
(b)) the encoder for X does not have accessto Y. However,
it doesknow the correl ation structure between them and also
knows that the decoder has accessto Y. Surprisingly even
in this seemingly worse scenario X can be encoded with 2
bits!

This can be done using the following approach. The
space of codewordsof X ispartitionedinto 4 sets each con-
taining 2 codewords, namely, Coset1 (00 0] and [1 1 1]),
Coset2 (00 1] and [1 1 0]), Coset3 ([0 1 0] and [1 0 1])
and Coset4 ([100] and [0 1 1]). The encoder for X iden-
tifies the set containing the codeword for X and sends the
index for the set instead of the individual codeword. This
can be donein 2 bits. The decoder, in turn, on the reception
of the coset index, uses Y to disambiguate the correct X
from the set by declaring the codeword that is closest to to
Y asthe answer. Note that the distance between X andY is
at most 1, and the distance between the 2 codewordsin any
set is 3. Hence, decoding can be done perfectly. This mode
of encoding where the decoder has access to correlated side
information is known as side infor mation coding [2, 3].

1. The partitioning of the source codeword space, in-
dex labeling of the resulting cosets (index labels for
cosets are also called syndromes) and mapping from
the source codeword space to the space of coset in-
dices can be done in a computationally efficient way
through the framework of coset codes[5] resulting in
low encoding complexity.

2. Cosetl is arepetition channel code [6] of distance 3
and the other sets are cosets [5] of this code in the
codeword space of X. We have used a channel code
that is “matched” to the correlation distance (equiva
lently, noise) between X and Y to partition the source
codeword space of X resulting in high compression
performance.

3. This partitioning of X is also universal. The same
partitioning of X works for al Y regardless of the
value of Y aslong as both X and Y satisfy the cor-
relation structure. e.g., if X is[0 1 0], then the same
encoding for X (index of Coset 3) will be applicable
toal casesof Yi.e,[010],[110],[000] and[01
1] thus providing robustness w.r.t the value of Y.

2.2. The PRISM approach

We consider the video coding problem now. Let X denote
the current macro-block to be encoded (e.g., X is a vector
of size 256 if macroblocks of size 16 x 16 are chosen) .
Let Y denote the best (motion-compensated) predictor for
X in the previous frameand let Y = X + N (We model
X, N as independent L aplacian random vectors.). We first
encode X in the intra-coding mode to come up with the
quantized codeword for X. Now, using the insight from the
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above example, we find a channel code that is matched to
the“ correlation noise” N, and use that to partition the quan-
tized codeword space of X. We can thus expect to approach
the compression performance of predictive coding incurring
only the complexity of intra-coding at the encoder. Thisis
the main intuition behind the PRISM approach.

Note that, unlike the example presented above, in the
video case we are dealing with real-valued sources (in the
transform domain) and potentially unbounded correlation
noises. Thus while perfect decoding was possible in the
example (zero decoding error probability), thereis, in gen-
eral, a non-zero probability of decoding error in our case.
This can be addressed by a combination of detection and
conceal ment strategies.

3. PRISM: IMPLEMENTATION

3.1. Encoding

In this section we present a block-based implementation of
the PRISM approach. The video frame to be encoded is
first divided into non-overlapping spatial blocks (we choose
blocks of size 16 x 16 or 8 x 8.).

1. Transform Coding: Each block is first transformed
using the two-dimensional DCT. Thisisdone so asto
more easily exploit spatial correlations.

N
=
)
=1

] YT

Fig. 3. The top line shows the quantized codewords for X. The bot-
tom two lines show the two partitions of the quantized codeword space of
X. The box shows the observed codeword which lies in the first parti-
tion. Since the magnitude of N is large the decoder decodes the circled
codeword and makes a decoding error.

2. Scalar Quantization: TheDCT coefficientsare quan-
tized with a step size proportional to standard devia-
tion of N. If avery fine step size is chosen to encode
X, then there can be decoding errors, since the code-
wordswill betoo “close” so that the sideinformation
Y cannot disambiguate them correctly .

3. Syndrome Encoding: Now the space of quantized
codewords which has been appropriately generated

IThisisillustrated through the example in Figure 3. Here the top line
shows the quantized codeword set for X, and the two bottom lines show
the partition of the space of quantized codewords. The rectangular box
shows the observed codeword which lies in the first partition. Since the
magnitude of N is more than the quantization step size, the decoder uses
the side information Y to decode the incorrect (circled) codeword.

using the statistics of IN can be partitioned using a Eu-
clidean spacetrellis channel code[7] analogousto the
repetition channel code used to partition the source
codeword space in the examplein Section 2.1. In our
particular implementation, we use a memory-7 rate-
1/2 trellis code from [5].

4. Refinement Quantization: A target reconstruction
quality corresponds to a particular quantization step
size. When the coefficients that are syndrome en-
coded are quantized, the choice of the base quanti-
zation step size is limited by N. Thisis done so as
to minimize the probability of decoding error. To at-
tain the target quantization step size, the coefficients
need to be re-quantized further. Thisis accomplished
in the refinement quantization stage.

3.2. Decoding

1. Syndrome Decoding: All the sequences that are la-
beled by the received syndrome can be represented
on atrellis. The Viterbi algorithm [5] can be used
on the 128-state rate-1/2 trellis to identify the cor-
rect sequence from the from the set of candidate se-
quences that is “nearest” to the candidate predictor.
The PRISM framework allows for flexibility in the
method of choice of the candidate predictor.

2. Estimation and Reconstruction: Oncethe quantized
codeword sequenceis recovered, it is used along with
the predictor to obtain the best reconstruction of the
source. Any of the sophisticated signal processing al-
gorithms (e.g., spatio-temporal interpolation) or post
processing mechanismscan be deployedinthisframe-
work and these can only serve to improve the overall
performance.

3. Inverse Transform: Thetransformed coefficientsare
then inverted using the inverse transform so as to give
reconstructed pixels.

4. SSIMULATION RESULTS

In this section, we present some preliminary simulation re-
sults that illustrate the various features of PRISM. The cur-
rent implementation of our coder operates well in the high
quality (PSNR of the order of 30 dB) regime. The extension
to lower bit ratesis a bit moreinvolved, and is a part of the
ongoing work.

We tested our implementation of the PRISM codec for
sequences such as Football (352x240), Euronews (320x240),
Foreman (176x144) and Carphone (176x144). Thefirst two
sequences are associated with high motion content. The
reference system is an implementation of the H.263+ [8]
video coder obtained from University of British Columbia,
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Vancouver. The first frame in al cases is encoded in the
intra mode and the remaining frames are encoded in the
non-intra mode. From a compression standpoint, subjec-
tively the PRISM reconstructed quality is visualy indistin-
guishable from that of the standards-based reference sys-
tem, and objectively, it performs within 3-3.5 dB (in the
current preliminary implementation) in PSNR of the stan-
dard. One reason for this inconsistency between PSNR and
visual quality might be the fact that the bulk of PRISM’s
loss of performance can be attributed to decoding failurein
a visually undetectable small fraction of the image blocks
that can be easily concealed but which nonetheless incur a
significant PSNR cost.

We also conducted preliminary tests on the robustness
of the proposed PRISM framework. For both PRISM and
the reference system, we introduced a frame loss by remov-
ing the second frame in the video sequence from the frame
memory. This while the third frame is encoded off the sec-
ond frame, it is decoded off the first frame. This leads to
drift which accumulates and propagatesin the H.263+ case.
In contrast, the decoded quality is only moderately affected
in PRISM and drift does not occur. Figure 4 compares
the decoded visua quality for the Football sequence using
PRISM and H.263+. Figures4 () and (c) show respectively
the decoded third and the fourteenth frames for the PRISM
paradigm and Figures 4 (b) and (d) for the H.263+ coder.
Thereis practically no drop in quality for PRISM whilein
the case of H.263+ the drop in quality is very significant
leading to glaring visual artifacts (see Figures 4 (b) and 4
(d)). Similar observations were made when we conducted
this robustness test on other sequences. These experiments
clearly illustrate the inherent robustness of PRISM.

5. CONCLUSIONSAND FURTHER WORK

We have introduced PRISM — a novel, low encoding com-
plexity, high performanceand robust video coding paradigm.
Under this paradigm, the encoding and the decoding com-
plexities are roughly swapped with respect to the conven-
tional paradigm resulting in a “light” encoder “heavy” de-
coder architecture.

Our present implementation of the framework, although
promising, is far from complete and can be substantialy
enriched.Part of our ongoing work includes extending the
PRISM paradigmto lower bit-rates/qualitiesand also reduc-
ing the gap between the compression performance of con-
ventional video codecs and the our implementation of the
PRISM framework.
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