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Abstract
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performance using Lagrange multiplier algorithm. Since the proposed method incorporates mo-
tion vector mapping and mode decision into a single Lagrange multiplier formula, by minimizing

the Lagrangian cost function, the optimal solution for mode decision can be obtained. The pro-
posed transcoding scheme has demonstrated better subjective and objective results compared
with other methods.
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ABSTRACT

This paper presents a new algorithm for MPEG-2
transcoding with spatial resolution reduction. The
proposed method combines rate control and mode
decision to achieve optimal transcoding performance
using Lagrange multiplier algorithm. Since the proposed
method incorporates motion vector mapping and mode
decision into a single Lagrange multiplier formula, by
minimizing the Lagrangian cost function, the optimal
solution for mode decision can be obtained. The proposed
transcoding scheme has demonstrated better subjective
and objective results compared with other methods.

1. INTRODUCTION

There are increasing demands for video transcoding with
spatial resolution reduction. Such reguirements come from
the heterogeneous network constraints and characteristics
of terminal devices. For example, people want to have
ubiquitous access to the high quality video stored in the
server, but their devices may have different processing
and display capabilities, such as desktop workstations, lap
top PCs, PDAs and mobile phones. Therefore, the
compressed video contents need to be transcoded at lower
bit rate and downscaled to lower spatial resolution.

Several papers have addressed the transcoding issues
specifically emphasizing on the spatial resolution
reduction [1]-[4]. There are two major issues in the spatial
resolution reduction transcoding. One is motion vector
mapping from high resolution to low resolution. Another
is mode decision making for the downscaled macrobl ocks.
There have been many discussions on the motion vector
mapping methods [5]-[7], concentrating on weighting the
input motion vectors. These methods are effective for
small motion videos. However, with high motion video,
they do not work properly. Several papers have presented
mode decision methods [3], [6]-[8]. Most of them select
the mode from the original input modes by using majority-
voting mechanism. Some of them use other criteria for
making the mode decision, but they are limited to intra
and inter decision. Recently a new mode decision method

[1] has been proposed, which considered frame and field
pictures. However, the main idea of the method is still a
simple “Go-With-the-Magjority” strategy. Therefore the
resulting modes may not be optimal.

In this paper, we propose a new algorithm to make the
mode decisions for the downscaled macroblocks, which
takes the input motion vectors into account. In the
algorithm, we make the macroblock prediction in terms of
the input motion vectors with different modes. For each
candidate mode, the corresponding input motion vectors
are averaged to form the candidate motion vector. Then, a
Lagrangian cost function for the mode decision is
minimized in a rate-distortion sense. The mode with the
minimum cost value is selected as the transcoding mode.
The proposed transcoder is compared to a cascaded
transcoder and a MPEG-2 encoder (TM5 model). The
experimental results show that the proposed scheme
outperforms these two schemes. One of the goals of this
paper is to obtain an upper bound for achievable video
quality, which can be served as a metric measure to reflect
subjective viewing judgment.

The rest of the paper is organized as follows. In section 2,
the optimization problem is formulated. Then, the mode
decision scheme is presented in section 3. The transcoder
architecture is illustrated in section 4. Experimental
results are shown in section 5. Conclusions are given in
section 6.

2. PROBLEM FORMULATION

In order to achieve optimal transcoding performance, it is
important to realize that coding modes should be
determined jointly with rate control because the best
coding mode depends on the operating point for the bit
rate [9]-[11]. The optimization must choose the most
efficient coding mode for each macroblock in the rate-
distortion (R-D) sense. This task is complicated by the
fact that the various coding modes show varying
efficiency at different bit rates. Intuitively, an improved
R-D performance is expected if the modes could be
applied judicioudy to different macroblocks. We use the
Lagrange multiplier method to make the macroblock-



based mode decision by minimizing the Lagrangian cost
function:

Ji(Akavqi):Tﬂikn{Di(Mqui)"'/]Ri(Mkvqi)} N

where the M is varied over the coding mode set (7
modes for P picture, 11 modes for B picture), g;is the
quantizer step size 0{q d,.-dy} , i =1..N, and N is
the macroblock numbers of each frame. The mode
decision and quantization parameter that are assigned to
the macroblocks generate different R-D characteristics.
Our god is to determine a set of quantizer step sizes for
al macroblocks of each frame, such that the total
distortion D is minimized and the total number of bits R
complies with the target budget imposed by the constraint,
Rpicure - The constrained problem isthen formulated as:

minD  subjectto R<Rpgye 2
with D and R given by
N N
D=Y di(q) R=Y"r(q) 3)
i=1 i=1

For a particular value of the Lagrange multiplier, A, if a
set of qi* (A) minimizes the following expression:

rﬂin{di (G) +Ari(g)} Oi=1..N 4

then this set of qi* (A) corresponds to an optimal solution
to equation (2).

To find the optimal operating point on the R-D curve,
we searched for an optimal slope, A, in equation (4),
such that, R(A") < Ryre- A fast convex search algorithm

[12], [13] has been implemented in this paper and is
outlined in the following steps.

Step-1) Initidize two values of A, A and A,, with
A, <A, which satisfies the relation:

N N
D R <Rjgre < R(A)
i=1 i=1

M+A
Step-2) Aneq = 12 2,

Step-3) Subdtitute Ay and A, iNtO expression (4),
minimize the expression and derive g (A;) and¢; (Apeq) »
Oi =1,...N, respectively.

Step-4) If [R(A) - Rpicture][R(/‘next) - Rpicture] <0
substitute A, by A , Otherwise substitute A; by Aq; -

R(/\next) - Rpicture

picture
small positive number, the optimal slopeA”is found and
q ,0i =1..N isthe optimal quantizer step size for each
macroblock; else, go to Step-2.

Step-5) If | [< &, where gis apreset

3. MODE DECISION

Since the optimal g ,0i=1..N is derived for each

macroblock  subject to the  constraints  of
N

(G ) < Rpjcture » €quation (1) becomes:
i=1
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The minimum of the Lagrangian rate distortion functionis
now obtained by setting its derivative to zero, i.e.,

a_J:a_D+/] =0
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Since g is given to each macroblock, thereforeA can be
solved by the following approximation:

9D __AD _D(q)-D(q-2)
R AR R(q-1)-R(q)

(6)

For each candidate mode, the cost function (5) is
calculated and the one that has the minimum cost is
selected as the coding mode for the macroblock.

4. PROPOSED ARCHITECTURE

For the convenience of discussion, only |- and P-frames
are demonstrated in this paper. Intraframes do not
contain any motion information as they are coded
independently. There are seven modes for P-frame coding.



Four modes {intra, no MC (motion compensation), MC
frame, MC field} are considered as estimation mode for
transcoding. Both I- and P-frames are rate-distortion
optimized. For each macroblock, the coding mode as well
as quantization parameter is determined such that the
Lagrangian R-D functional J is minimized. The proposed
transcoder architectureis shown in Figure 1.
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Figure 1. Rate control and mode decision optimized
transcoding architecturefor | and P frames only.

The block diagram in the figure illustrates the proposed
transcoding scheme. The input video stream with higher
resolution is first decoded using the standard MPEG-2
decoder. Motion vectors are extracted for the purpose of
resampled motion vector and mode decision for the
downscaled video. If the input frame is an I-frame, the
decoded image is downscaled to the desired resolution
and the rate-distortion optimization is performed to
generate the quantization step size for each macroblock.
The standard MPEG-2 encoder uses these optimal
quantization parameters to encoder this frame as an |-
frame in the downscaled video. If the input frame isaP-
frame, except for the rate-distortion optimization
operation, a mode decision procedure is performed based
on the input motion vectors and different coding mode.
The mode with the minimum cost in terms of rate-
distortion is selected as the coding mode. The
corresponding motion vector is re-sampled for the
downscaled video.

5. EXPERIMENTAL RESULTS

The performance of the proposed rate control and mode
decision optimized transcoding scheme is evaluated using
the ‘Sprinkle’ test sequence for high level video and
‘Mobile & Calendar’ test sequence for main level video.
In order to show the transcoding efficiency of the

proposed method, we compared our transcoding results
with those encoded by the cascade transcoder (with full
decoding, motion estimation and re-encoding) and
MPEG-2 TM5 encoder (direct encoding). The origina
‘Sprinkle’ sequence is encoded at 30Mbps and its
resolution is 1920x1080. The test sequence ‘Mobile &
caendar’ is originally encoded a 6Mbps and has a
resolution of 704x480. All experiments shown in this
paper were downscaled by two.
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Figure 2. PSNR comparison among three coding
schemeson ‘ Sprinkle' sequence.

Figure 2 shows the PSNR comparison among three coding
schemes on ‘ Sprinkle' video sequence. The bit stream is
transcoded from 30Mbps to 9Mbps using a cascaded
transcoder (decoding, filtering and down-sampling,
motion estimation and re-encoding) and our proposed
transcoder with optimized rate control and mode decision
adgorithm. For reference, the video sequence is aso
encoded using MPEG-2 TM5 encoder at the same bit rate
(the origina YUV sequence is down-sampled by 2 and
directly encoded).
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Figure 3. PSNR vs. bit rate of ‘ Sprinkle’ sequence.



As shown in Figure 2, our transcoding scheme achieves
higher signal to noise ratio gain compared to the other two
schemes. Similar results have been obtained from
different conversion ratios. Figure 3 shows the results of
three peak signa-to-noise ratios in which our optimally
transcoded video demonstrates the best quality among the
three schemes.

Table 1 shows the experimental results of ‘Mobile &
Calendar’ sequence. The proposed transcoding scheme
not only has higher PSNR but also has lower rates than

the other two schemes. These results are also visudly
shown in Figure 4.

Table 1. PSNR Comparison for M obile sequence.

Mobile Cascaded MPEG-2 Proposed
100 frames | transcoder TM5 Method
Target bit | PSNR(dB) | PSNR (dB) | PSNR (dB)
rate (Mbps) Bytes Bytes Bytes

1 24.7816 25.4464 26.2404
416703 416863 401315
2 25.8779 26.9276 27.8646
833444 833320 823089
3 26.927 28.3058 29.337
1249902 1250007 1099985
4 27.6807 29.4685 30.6176
1666792 1666732 1367364
5 28.0028 30.1433 31.6768
2083485 2083463 1626213

Figure 4. PSNR vs. bit rate of ‘M obile & Calendar’
sequence.

6. CONCLUSIONS

In this paper, an optimal rate control and mode decision
scheme has been presented for obtaining an upper bound
to achievable performance for MPEG-2 gpatia
transcoding. The constrained optimization problem was
first formulated in an operational rate-distortion sense and

solved by the Lagrange multiplier method. Then, the
transcoder architecture using the optimal coding scheme
was presented and followed by experimental results. The
better video quality obtained by the proposed transcoding
method has proved that the compressed video can be used
as a benchmark for evaluating the transcoding
performance.
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