Trellis-Based R-D Optimal Quantization in H.263+4

Max Luttrell, Jiangtao Wen
PacketVideo Corporation
luttrell, gwen@packetvideo.com

John D. Villasenor
Electrical Engineering Department
University of California, Los Angeles
villa@icsl.ucla.edu

May 23, 2000

Abstract:

We describe a trellis-based algorithm which enables
R-D optimum quantization decisions in the H.263+ [1]
video coding standard. The use of the trellis allows the
quantization decisions for all coefficients in a block to
be made jointly, and constrasts with more commonly
used R-D optimizations which operate on one coeffi-
cient at a time. Erperiments conducted using H.268+
for video coding rates of 40-50 kbps show an average
tmprovement of 3.5% in bitrate, or equivalently 0.17dB
in PSNR, relative to implementations which follow the
International Telecommunications Union (ITU) Test
Model specifications in making quantization decisions.

1 Introduction

Video coding algorithms including the ITU H.26x
family of video coding standards and the ISO MPEG
standards all utilize the discrete cosine transform (DC-
T), scalar quantization of DCT coefficients, and run-
length and Huffman coding of the quantized coeffi-
cients. This framework offers significant opportunities
to apply rate-distortion considerations at the encoder.
In this paper, we describe a rate-distortion optimal
approach to quantization decisions in H.263+, more
formally known as H.263 version 2. The algorithm we
present is based on dynamic programming, and like
other algorithms in this class such as the Viterbi algo-
rithm, uses a trellis to identify a path which minimizes
a metric which in this case is the cost function R+ AD
where R is rate and D is distortion.

The basic idea underlying rate-distortion optimal
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coding, as described in many previous publications in-
cluding [2] and [3], is to define and then minimize a
cost function R + AD such that both the rate R and
distortion D are considered in coding decisions. X is a

"user-determined parameter which selects the operat-

ing location on the rate-distortion curve. In limiting
case of large A, only the distortion is considered, and
as A approaches 0, coding decisions are made with rate
minimization as the only criterion.

Optimizations of this type have a long history in
coding theory. In the video coding standards and oth-
er algorithms involving run-length coding, however,
the rate needed to describe a particular coefficient ¢y is
a function not only of the quantization decision made
for ¢i but also of the decisions made on the neighbor-
ing coefficients ¢;,i < k and ¢;,© > k. For example,
the rate needed to express a coefficient that is quan-
tized to zero depends on the length of the “run” which
will be created by such a quantization decision. It is
still possible to make R-D optimal decisions in systems
including run-length coding, though the publications
that have addressed this have dealt mostly with sys-
tems that differ quite significantly from H.263+.

The dependencies between adjacent coefficients in
DCT-based video coding means that the number of
possible joint quantization decisions and correspond-
ing (R, D) pairs grows exponentially with the number
of coefficients under consideration. Dynamic program-
ming techniques offer a means to find the optimum set
of decisions in linear time when the goal, as in this
case, is minimization of R 4+ AD for the whole block.



We describe the construction and use of a trellis
which identifies the optimum set of quantization deci-
sions for each block and provide a set of experimental
results using H.263+. We focus on bitrates in the
range of 40-50 kbps as this is high enough to enable
sufficient quality for videoconferencing and other ap-
plications, while also low enough for low-cost trans-
mission over a wide range of existing and emerging
wireline and wireless systems.

2 Trellis Construction and Processing

The algorithm presented focuses on producing the
optimal set of quantization decisions for each block.
Descriptions of video coding and in particular of the
algorithms such as MPEG-2, H.263, and H.263+ are
found in references including [4] and [5], and are not
included here due to space constraints. We focus our
attention on H.263+, as this is the most advanced
video coding algorithm that the ITU has standardized.

Quantization refers to the step in video coding
in which the DCT coeflicients are subject to integer
rounding. Subsequent to quantization, these quan-
tized DCT coeflicients are run-length coded, which in-
volves coding runs of zeros present. This is achieved
by using a variable length code to code events of the
form (LEVEL,RUN,LAST), where LEVEL is the val-
ue of the quantized coeflicient immediately following
the run of zeros, RUN is the length of the run of ze-
ros, and LAST is a flag indicating that the current
coeflicient is the last nonzero coeflicient in the block.
Provided that the H.263+4 syntax is obeyed, the de-
cisions on how to map input DCT coefficients ¢; into
quantized coefficients ¢; at the encoder are left to the
implementer, and it is this flexibility that opens the
door to rate distortion optimizations.

The quantization process can be represented using
a trellis as shown in Figure 1. The stage i in the trel-
lis corresponds to the ith DCT coefficient. For each
stage, there are a total of J LEVEL states and K RUN
states. The jth LEVEL state of the ith stage, denot-
ed by L;(i), corresponds to the action of quantizing
the ith coefficient to LEVEL j; the kth RUN state in
stage i, Ry (%), corresponds to the case where the ith
coefficient is quantized to zero and that the previous
k — 1 coefficients were also quantized to zero. Thus,
the cost for including the dependencies between coef-
ficients is reflected in the need to have enough RUN
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states to allow representation of the maximum possi-
ble run length.

As with the Viterbi algorithm, the quantization al-
gorithm relies on the concept of surviving paths. How-
ever, in contrast with the Viterbi algorithm in which
one metric (distortion) is considered, the trellis in Fig-
ure 1 is being used to consider both rate and distor-
tion. The algorithm fills in the trellis by retaining, for
each state, the incoming path with the lowest accu-
mulated R + AD metric. When the trellis has been
processed through all 64 stages, it becomes possible
to compute the rates associated with all paths enter-
ing RUN states, as well as the LEVEL states, and the
complete metric is known for all incoming paths. In
addition, the metric is computed for the case in which
all coefficients are quantized to zero, in which case the
associated rate is zero. If this is the minimum met-
ric, this block will not bé coded by signalling with the
corresponding H.263+ syntax. Otherwise, the state
in the final stage with minimum incoming path metric
is chosen, and its surviving path is followed back to
the beginning of the trellis to determine the quantized
coefficients.

3 Experimental Results

Experiments were performed on blocks of 11
frames, the first compressed using purely INTRA tech-
niques and the remaining frames compressed using IN-
TER coding. The bit rates ranged from 20.76kbps for
the low-motion “claire” sequence to 49.59kbps for the
high-motion “foreman” sequence. Table 1 gives result-
s with PSNR of the luminance component measured
in the image domain. The average bitrate savings is
approximately 3.5% for equivalent image noise for the
carphone and foreman sequences. The improvement
for the Claire sequence is limited by the low motion,
and there is no improvement in bit rate.

4 Conclusions

We have presented an algorithm which performs the
R-D optimal quantization of DCT coefficients in the
H.263+ video coding system including run length and
Huffman coding. With a fixed PSNR, the R-D ap-
proach reduces the bitrate by approximately 3.5%, or
equivalently with a fixed bitrate, PSNR, performance
is improved by an average of 0.17dB over the carphone
and foreman sequences.



While the goal of this work was to establish the
benefits of R-D optimized quantization with complex-
ity as a secondary consideration, complexity is certain-
ly an issue in practical implementations. Running on
a Sun Ultra Sparc 2 workstation with 64 megabytes
of RAM, the R-D optimized approach runs about 30
times slower than the publicly available H.263+ coder
implementation from the UBC [6]. However, a fast al-
gorithm exists with substantially lower processing re-
quirements. Since 95% of coefficients are quantized to
0 with the standard quantization equations, eliminat-
ing their corresponding stages from the trellis would
eliminate 95% of the trellis processing time, leading
to an execution time only 1.5 times that of the UBC
coder.
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[ Sequence | Quantizer | PSNR(dB) | Bitrate(kbps) |

Foreman | Reference 30.68 49.59
Trellis 30.84 49.37

Trellis 30.72 47.67

Claire | Reference 34.82 20.76
Trellis 34.84 20.75

Carphone | Reference 31.73 39.24
Trellis 31.91 39.15

Trellis 31.77 38.04

Table 1: Comparison of reference and trellis-based
codecs at identical bitrate and PSNR
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Figure 1: Block DCT quantization trellis



