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Abstract

This research features efficient mode selection of

macroblock in a GOB (Group of Blocks) of H.263. We
propose a novel method based on the Viterbi aigerithm
that is a minimum-cost search  technique. In H.263
standard, mode selection strategies use prediction error or
energy of macroblocks and do not consider the amount
of bits generated. We consider both prediction error and
the amount of bitsgenerated. We apply a Lagrangian
cost function to these strategies. In order to determine
the Lagrange multiplier (frame-to-frame multiplier and
macroblock-to-macroblock multiplier), we have considered
a variety of potential approaches. The instantaneous rate
of the encoder is controlled by these values.

Experimental results show that PSNR gain of the
proposed approach is greater than that of the H.263 test
model, TMNS.

1. Introduction

Many block-based video compression techniques
employ multi-mode methodologies to achieve efficient
coding performance. In most video coding standards such
as MPEG! [1], MPEG2 [2], H.261 [3] and H.263 [4], an
input frame is subdivided into unit regions called
macroblock and a given macroblock is coded using one
of several possible modes. An allowable set of modes is
determined by the picture coding type. Users can specify
mode selection strategies using bit-stream syntax and
decode operations uniquely defined in each video
standard. Therefore, we can improve coding efficiency by
selecting an appropriate mode. In low bit rate coding, the
mode selection has effects on successive coding results
for a given target bit rate.

In most video standards, mode selection strategies use
prediction error or energy of macroblocks. These methods
do not consider the amount of bits generated. The
amount of bits frequently exceeds the given bit rate. Tt is
a severe problem for low bit rate coding. Thus, we must
consider not only the amount of bits generated but also
prediction error with the energy of macroblocks for mode
selection. For this purpose, we apply a Lagrangian cost
function to these strategies [3].

It is more advantageous to consider mode selection in
a GOB rather than in an entire frame. The problem is
then finding a combination of medes that minimizes the
sum of cost function for a given GOB. We need to
compute an optimal path through the trellis which is
obtained by a mode selection in a given GOB. The
number of  paths that need to be searched- increases

exponentially as the number of modes gets large..

Therefore, an efficient -searching algorithm is needed. We
" use the -Viterbi algorithm' to compute the optimal path
through the trellis. The algorithmn searches for various

combinations of modes until modes are not changed in a
GOB. However, this algorithm  needs to be iterated
several times, resulting in coding delay.

Advanced prediction is an additional capability which
enforces overlapped block motion compensation. It
permits the use of four motion vectors per macroblock.
For experiments, we include the following standards and
optional macroblock modes: intra (INTRA), inter with
one motion vector (INTER), inter with four motion
vectors (INTER4V), and not coded (SKIP).

In this paper, we propose an efficient mode selection
method in a GOB, The method searches a mode
combination in restricted regions and gives a path
through trellis. Though this is not an optimal path, the
proposed method is computationally less expensive than
other methods by approximating optimal path without any
iterations. When the amount of bits generated and
distortion depend on adjacent macroblocks, these
dependencies are restricted to adjacent macroblocks and
paths are searched only in these macroblocks. These
dependencies do not propagate to subsequent macroblocks
and selected modes are not changed. The search
algorithm is executed once in a GOB without any
iterations. Using these strategies, an efficient mode
selection in a GOB is achieved.

This paper is organized as follows. In Section 2, we
formulate a Lagrangian cost function in the available
modes in H.263. Section 3 presents a brief overview of
the Viterbi algorithm. In Sections 4, we describe the
proposed mode selection method and a procedure for
updating the lagrange multiplier. Finally, Section 35
reports experimental results.

2. Lagrangian Cost Function

Let us consider an image region which is partitioned
into a group of macroblocks (GOB), denoted by
x={(X,, + + +,Xn) Each macroblock in y can be
coded using only one of K possible modes given by
the set ¢={I;, + « « ,Ix}. Let M; € ¢ be the modes
to code macroblock X, For a given GOB, the modes
assigned to the clements in y are given by the N
-tuple, p=(M;, + -+ ,My) ¢V, The problem of
finding a combination of modes that minimizes the
distortion for a given GOB and bit rate constraint R,
can be formulated as follows:

u XX ) -
subject to R(x,p)<R¢

“Here, DXy,u) and R(x,u) represent the total distortion
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and bit rate, respectively, resulting from the quantization
of the GOB x with a particular mode combination .
This can also be expressed by a Lagrangian cost function
that is composed of distortion measure and the amount
of bits generated:

min
P g](Xiv “) 2

N X, 1) is the Lagrangian cost function for macroblock
X, and is given as follows:

](Xiy #)zD(X“ /1)+A ‘ R(Xxv ,U) (3)

In the cases of SKIP or INTRA mode, the Lagrangian
cost function associated with each macroblock can be
computed irrespective of the operational modes in other
macroblocks. For INTER mode, the amount of bits
generated R of a particular macroblock is influenced by
the immediately preceding macroblock. For INTER4V
mode, bit rate and distortion depend not only upon the
selected mode of the immediately preceding macroblock
but also on the immediately ensuing macroblock. Also,
Lagrangian cost functions depend on the modes of
preceding and subsequent macroblocks. As a result, we
can rewrite (3) at each possible mode as follows:

SKIP, INTRA mode : KX, p)=XX: M)
INTER mode : [ X, u)=KX; M-\, M) 4)
INTERAV mode : J(X;, 1)=FX, M-}, M;,M;.))

3. The Viterbi Algorithm

The Viterbi algorithm [6] was originally developed for
error control codes and is an example of dynamic
programming. Readers refer to Forney [7] for details of
this algorithm. The technique was first applied to source
coding by Viterbi and Omura [8]. The key idea of the
Viterbi algorithm is the following. The minimum
distortion path from time 0 to time # is an extension of
one of the minimum distortion paths to a node at time
n—1. In order to find the best possible path of length
L. we compute the best path for each state at each
time by finding the best extension from the previous
states into the current state. We perform this at each
time until time L. This idea is known formally as the
optimality principle of dynamic programming,

A key fact is that we have a block code with block
length L, but we do not have to search a block code
of 2L by computing all 2t possible distortions. Instead
we compute a sequence of K distortions, where K is
the number of states, and retain the running distortion for
each state along with the accumulated distortions into
each state and the accumulated channel symbol sequence.
In particular, the time complexity grows with the number
of states, not with L.

The algorithm is implemented by keeping track of the
following at each level of the trellis: (1) the best path
into each node, and (2) cumulative distortions up to that
node. The principle of the optimality means that knowing
the best path at the current node is equivalent to
knowing its best possible predecessor states. When the
final nodes are reached, the path map provides the
smallest path distortion at the final depth. The Viterbi
Algorithm can be described as follows:

Step 0. Given a collection of states S= ¢;,...,0x a
starting state s°, a decoder A z,s) producing a

reproduction given channel symbol 3z in state s, a
pre-letter distortion measure o, a source input vector
X, ..., XL -1, let Df{k) denote the distortion for state

k at time ;. Set Dy(s") =0, Dy(s) = o for s=s".
set /= 1.

step 1. For each current state s, find

Di(s) = min(D;- (0} + min d(x,, u, o))
o w:Ru,0)=s
s denoted the minimizing value of the previous state
and u the minimizing value of the channel symbol 2.
The best path into the current state s passes through the
previous state s and is forced by channel symbol “.
Given the path map «'"Us) to the best previous

state s, an extended path map %'(s) = (/7' (s),u ).
is formed that gives the best (minimum distortion) path
through the trellis from the initial state into the current
state s at level [ In other words, for each current state,
we find the distortion resulting from extending the X
best paths into the previous states into the current state.
The best path is picked and the distortion and cumulative
path indices are recorded.

Step 2. If [{L~—1, set /[+1—/ and go to step 1. If
!=L—1, pick the final state s, yielding the

minimum of the K values D,;(s). The optimal path
map is then u"‘(s,»).

4. Proposed Mode Selection Algorithm

In this section, we describe a novel algorithm that
effeciently selects modes. As shown in Fig. 1, the
selected mode in a GOB is equal to an optimal path
which has minimum cost through the trellis. The cost
function is given by (4) at each node. We can use the
Viterbi algorithm to search for a combination of modes
in a GOB. In Fig. 1, a possible mode is SKIP. INTRA.
INTER or INTRA4V and eleven nodes are macroblocks
in a GOB of QCIF (Quarter Common Intermediate
Format) picture format. The number of possible paths in

this trellis is 4'!. Thus, it is not practical to consider all
possible paths because it takes too much time to
determine all combinations of modes in a GOB.
Therefore, we employ the Viterbi algorithm to impose
constraints on possible paths. This is illustrated in Fig 2.

! 2 3 4 5 6 " & 9 n

Fig. 1. Path of selected mode in a GOB

In this scheme, the cost function of SKIP or INTRA
mode is determined independently  of  adjacent-
macroblocks. For INTER mode. the cost function is
influenced by the immediately preceding macroblock. In
the case of INTER4V mode, the terms representing bit
rate and distortion depend not only on the immediately
preceding macroblock, but also on the immediately
ensuing macroblock. This ensuing macroblock mode is
not yet determined. Therefore. we must presume that the
next macroblock has one of the possible modes. As a
result, when the preceding macroblock mode is SKIP,
we can obtain seven Lagrangian cost functions which are
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macroblock. This strategy has an advantage that -a mode
combination is determined in one pass. The algorithm
doesn’t iterate until transitional cost doesn't change. It is
computationally less expensive than any other method. It
may not be an optimal path, however, an efficient” mode
selection in a GOB is achieved.
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Fig. 2. Constrained search of paths

A final critical consideration with regard to mode
selection is the determination of the Lagrange multiplier
A. The frame-to-frame multiplier and the macroblock-to-
macroblock multiplier are updated using the equations (5)
and (6), respectively. When the amount of bits generated
is larger than that of target bits, we wuse a big

frame-to-frame multiplier, A. In the opposite case, a

small A is used. This Lagrangian multiplier is given as
follows:

R
Aier=A; (7%) ()

where A; is for the current frame, and A, for the
next frame. K. is the amount of target bits for the
current frame and R, is the amount of actual bits
needed when the current frame is coded.

The  macroblock-to-macroblock  multiplier A s
determined according to the energy of macroblock. We
compute this A by multiplying 10% of the maximum
energy of macroblock with the frame-to-frame multiplier
obtained. This Lagrange multiplier is given as follows:

Ay=A;- (1+SA) j=GOB (6)

A; is Lagrange multiplier for cost function of the j”’
macroblock in the % frame. SA; is .scaled by ten
times as much as the maximum energy and represents
the energy of the j* macroblock in a GOB. The scaled
version of macroblock activity SA; is defined as
follows:

(A= A
e ay N
SA =T a | ™

where A; is the energy of the 7™ macroblock in a
GOB, A, is the average of A; (j=1- - +11) and

A pax s the maximum energy of macroblocks. Thus the

activity of macroblock can be stated as follows:

ICEIC™®

A = 3 PG, ~ MB
MBn =( 31 21 P1.1)1256 .

P(i,7) is a pixel value .in..a macroblock, and MB,,
is the average of P(i, j)'s and represents the mean of

~ macroblock. ‘

In the experiments, we use . ihe _folvlowingv number u.

“the initial Lagrange multiplier Ay

Ap=0.6 - (15%}0—) : (ie

where 7T, is the target bit rate. This value #
experimentally determined. It is useful to adopt a smaii
initial value when the target bit rate is high. For =
smaller 4, the Lagrangian cost function is mor
influenced by distortion. Therefore, for higher a target b
rate, we should more emphasize the distortion term.

The variation of the Lagrange muiltiplier A is depicted -
Fig. 3. This result is encoded at 20Kbps for "Suz

sequence. The figure shows that A increases as the
amount of bits generated large.
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Fig. 3. Variation of 1 as the amount of bits generated
gets large.

5. Experimental Results

For the experiments, a GOB is defined as a single,
horizontal macroblock stripe across a given frame. A
QCIF. (176X 144) image consists of nine macroblock
stripes and each stripe contains 11 macroblocks. The
performance of the proposed method is compared to that
of TMNS, which is the video codec test model for the
H.263 standard. "Suzie"(150 frames) and "Foreman"(300
frames) sequences are used for the experiments.
Experimental results for the proposed mode selection
strategy are provided in Figs. 4-7 for the H.263 video
coding star&dard. Fig 4(a) and (c) shows a reconstructed
frame (117") using H.263 and Fig 4(b) and (d) using the
proposed method. PSNR performance is illustrated in Fig.
5 and the average PSNR for a given rate is shown in
Fig. 6. These results show that the proposed method is
superior to TMN35. Fig. 7 illustrates probability of mode
versus a given bit rate. This results shows that the

" proposed method is more dynamically selected at various '

bit rates.

6. Conclusion

We have presented an efficient algorithm for selecting
operation modes in a block-based video coding system.
Our goal is to determine a computationally efficient
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mode selection for a given GOB. Experimental results
show that the proposed mode selection strategy performs
better than TMNS5 for all test sequences and all bit rates
considered. The PSNR gains have improved up to
0.5[dB] for a given bit rate as compared to those of
TMNS.

(d)
Fig. 4. Reconstructed frames using (a) (c) H.263
and (b) (d) our method

0 12 k2] B 48 60 N8 Y% 8 120 132 M

(a) "Suzie" sequence
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(b) "Foreman" sequence

Fig. 5. PSNR performance versus frame number
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Fig. 6. Average PSNR versus bit rate
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Fig. 7. Probability of a mode versus bit rate for the "Suzie" sequence
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