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ABSTRACT
This paper proposes a high quality coding mode decision

method for MPEG-2 to H.264 transcoding. Here, we evalu-

ate the coding modes of MPEG-2 stream in order to specify

whether they should be inherited or changed in H.264 coding

since many new coding schemes such as intra prediction have

been introduced in H.264. By adaptively determining suit-

able intra/inter modes according to DCT coefficients, motion

vectors (MVs), and neighboring macroblock (MB) modes of

input MPEG-2 stream, high quality transcoding has been re-

alized. In the experiment, we observed that the proposed

method can improve a peak signal to noise ratio (PSNR) up

to 0.29 dB at the cost of 22% more processing time compared

with the conventional transcoding method.

Index Terms— Video codecs, Transform coding, Image

converters, Image edge analysis, Discrete cosine transforms

1. INTRODUCTION

H.264 has been widely used in a variety of video applications

including IPTV, iPod/PSP, and mobile phones due to its high

coding efficiency. Although newly available source contents

can be directly encoded in H.264, legacy contents which are

already encoded in MPEG-2 used for such applications as TV

broadcasting and DVD should be converted to H.264 in order

to effectively make use of bandwidth and/or storage space.

In order to realize fast transcoding, coding parameters such

as MVs and coding modes of input coded stream are often

inherited to the encoder. Although this approach can be ap-

plied when the input and output coding formats are similar,

effective inheritance would become difficult when their cod-

ing schemes are different. As for H.264, when compared with

MPEG-2, it has introduced many new coding modes such as

8x16/8x8 motion compensation and intra prediction in order

to realize higher coding efficiency. Therefore, effective inher-

itance of MPEG-2 coding parameters to H.264 has become a

key issue to realize a fast and high quality transcoding.

In this paper, we propose a fast transcoding method from

MPEG-2 to H.264 while maintaining conversion quality by

evaluating coding parameters such as DCT coefficients and

coding modes of MPEG-2 and by estimating the appropriate

intra/inter coding modes. In the following sections, firstly we

describe related works of MPEG-2 to H.264 transcoding and

then explain the proposed transcoding algorithm followed by

experimental results.

2. RELATED WORK

Generally, transcoders can be classified into two types, one

that operates in the coded domain and the other in the pixel

domain.

A transcoder operating in the coded domain has a prob-

ability to significantly reduce computational load. [1] pro-

posed a MPEG-2 to H.264 transcoding based on the error drift

compensation in the coded domain. Although it can achieve

fast and high quality transcoding reusing all the coding pa-

rameters such as MVs and macroblock coding modes, fur-

ther improvement would be obtained if MV refinement and

appropriate coding modes change are performed. However,

H.264 transcoding in the coded domain still remains a chal-

lenging task because H.264 significantly differs from MPEG-

1/2/4. For example, H.264 employs new coding techniques

such as an in-loop filter and intra prediction that are not used

in MPEG-1/2/4. The in-loop filter graduates pixels at block

boundaries in order to reduce block noise. Intra prediction can

reduce bit rate by using spatial correlation from the surround-

ing pixels. Since both techniques are processed in the pixel

domain, transcoding of such processes in the coded domain

may require larger calculation load rather than transcoding in

the pixel domain.

On the other hand, the processing speed of pixel domain

transcoding which involves decoding and re-coding can be

accelerated by using input coded data as picture analysis tool

or by re-using input coding modes in the encoder [2–4]. For

example, [2] proposed the intra mode decision for MPEG-2

to H.264 transcoding. It computes the edge angle in a block

from the MPEG-2 DCT coefficients and limits the prediction

mode, which applies rate distortion optimization (RDO) ac-

cording to the direction of the edge angle, which can reduce

over 30% in the processing time. However, this supports only

intra mode decision for a transcoder. As for the coding mode

reuse, [4] proposes to reuse the MB types in MPEG-2 in the
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Table 1. Features of a MB that the coding mode should be

changed

· MB that was failed in ME

MPEG-2 inter

to H.264 intra

· MB with high spatial correlation

vertically or horizontally

· MB that has changed shape and

color in the reference frame

MPEG-2 intra · MB without texture

to H.264 inter · MB whose luminance is flat

H.264 encoder, and about 60% of the transcoding time has

been reduced. In general, these fast algorithms often employ

direct inheritance of MPEG-2 coding modes in order to real-

ize a fast processing, therefore improvement of transcoding

quality is limited since newly introduced coding schemes to

H.264 will not be used. For example, inter frame prediction

in H.264 is improved by introducing 8x8/8x16/16x8 motion

compensation block sizes to conventional 16x16 block which

is uniquely used in MPEG-2. In the next section, we de-

scribe an efficient coding mode decision algorithm to solve

the above problem.

3. PROPOSED MODE DECISION METHOD USING
CODED DATA IN MPEG-2

Since H.264 includes many coding schemes within the intra

and inter coding modes, detailed investigation of spatial / tem-

poral correlation is necessary to make full use of its coding

efficiency potential. The preliminary experiment has shown

that an inappropriate mode decision such as direct inheritance

of MPEG-2 coding modes often results in transcoding degra-

dation. Therefore, intra coding and inter coding in MPEG-2

may be changed to inter coding and intra coding in H.264

according to the correlation. Table 1 shows the summary of

cases where such change should be considered. For exam-

ple, when the MVs of input MPEG-2 are diverse due to flat

regions and therefore reliability of motion estimation is low,

then coding mode should be changed to intra coding since

the cost of inter coding including MV information would be

larger than that of intra coding. Therefore, we estimate MB

types of H.264 from the MPEG-2 coded data. Fig. 1 shows

the flowchart of the proposed mode decision for an MPEG-

2 to H.264 transcoder to evaluate the features in Table 1. In

the following subsections, we describe decision algorithm for

each coding mode.

3.1. MV check for the inter mode of MPEG-2

Fig. 2 shows the MVs of a MB that changed from the MPEG-

2 inter mode to the H.264 intra mode using baseband con-

version. It can be seen that MV field is diverse especially

in football field where motion in relatively flat region is in-

volved. Therefore, we use the correlation of MV to evaluate
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Fig. 1. Proposed mode decision for an MPEG-2 to H.264

transcoder

Fig. 2. Relationship between MV and a MB whose optimal

mode changed from MPEG-2 inter to H.264 intra

the reliability of motion estimation (ME) since it differs from

the neighboring MV when ME is inappropriate.

σ2
MVX

> THMV || σ2
MVY

> THMV (1)

where σ2
MV is the variance of MV in neighboring blocks,

and is calculated using both horizontal vertical components.

THMV expresses the threshold. When the variance of MV

in Eq. (1) is large, it is necessary to evaluate other features

for the intra mode of H.264. Otherwise, it decides that ME is

reliable and only inter coding is applied.

3.2. Edge check for the inter mode of MPEG-2

Fig. 3 shows the DCT coefficients of a MB that were changed

from the MPEG-2 inter mode to the H.264 intra mode by

tandem baseband transcoding. As can be seen in the figure,

coding mode changes are often occurred in relatively large
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Fig. 3. DCT coefficients in a MB whose mode changed from

MPEG inter to H.264 intra

edge regions where cost of intra coding becomes comparable

with that of inter coding. Here, we check edge components

classifying a MB as one of four types, using the DCT coef-

ficient of MPEG-2 to evaluate the edge feature in the MB.

The four types are NoEdge, VertEdge, HorEdge and Vert-

Edge+HorEdge. The probable existence of an edge is deter-

mined by Eqs. (2) and (3).

SumAC =
7∑

v=0

7∑

u=0

∣∣F i
Y 8x8(u, v)

∣∣ − F i
Y 8x8(0, 0) (2)

SumAC < THNoEdge (3)

If the summation of AC SumAC in Eq. (2) is smaller than

the threshold THNoEdge, a MB will be classified as NoEdge.

Otherwise the direction of the edge is evaluated by Eqs. (4)

and (5). A MB is classified as VertEdge when the horizontal

partial sum is larger than the threshold THV ertEdge. Alterna-

tively, a MB is classified as HorEdge when the vertical partial

sum is larger than the threshold THHorEdge.

7∑

v=1

∣∣F i
Y 8x8(0, v)

∣∣ /SumAC > THV ertEdge (4)

7∑

u=1

∣∣F i
Y 8x8(u, 0)

∣∣ /SumAC > THHorEdge (5)

where F i
Y 8x8 is the 8x8 DCT coefficient of the luminance

component in MPEG-2. Suffix i expresses the position of the

individual 8x8 DCT coefficient in a MB as shown in Fig. 4.

When the determination for a MB is the combination (edge

pattern) defined in Fig. 5, it is suitable for the intra prediction
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Fig. 4. MPEG-2 macro block
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Fig. 5. Edge pattern

of H.264. Therefore, even if it is in the inter mode of MPEG-

2, both intra and inter coding will be applied in order to eval-

uate by RDO process in H.264 since opposite mode may be

effective.

3.3. DC check for the inter mode of MPEG-2

We also evaluate non-edge regions in order to investigate whether

MPEG-2 inter coding should be changed to H.264 intra. Here,

we investigate DC components of MPEG-2 DCT coefficients

to check if DC prediction of H.264 work effectively. Other-

wise, it is desirable to inherit inter since the intra coding does

not work more effective than the inter coding.

The residual of prediction is estimated by Eqs. (6) and

(7) using the DCT coefficient. If the required conditions are

fulfilled, the coding mode will be determined by RDO. Oth-

erwise, only inter coding is applied.

3∑

i=0

∣∣F i
Y 8x8(0, 0)

∣∣ > THDC1 (6)

FU8x8(0, 0) > THDC2 || FV 8x8(0, 0) > THDC2 (7)

where F i
U8x8 and F i

V 8x8 are 8x8 DCT coefficients of the chromi-

nance in MPEG-2. THDC1 and THDC2 express the thresh-

old for luminance and chrominance, respectively.

3.4. Neighborhood check for the inter and intra mode of
MPEG-2

In order to investigate spatial correlation, we also check cod-

ing modes of neighboring MBs. It is applied to both intra and

inter mode. The spatial correlation is estimated by majority

rule of coding modes in the neighboring blocks. When a MB

has a high spatial correlation as shown by the coding modes

in H.264 at left, top and top-right neighbor blocks, the coding

mode of MPEG-2 can be inherited in H.264 since the bit rate

can be reduced effectively. Otherwise, the coding mode will

be determined by RDO.
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Table 2. Simulation results
Sequence Method ΔTime∗ BDPSNR BDBR

(%) (dB) (%)

Bus Conventional 66.0 -0.10 3.11

Proposed 57.5 -0.04 1.14

Flower Conventional 67.8 -0.02 0.59

Proposed 65.8 -0.01 0.27

Football Conventional 59.8 -0.36 11.75

Proposed 37.7 -0.07 2.32

Mobile Conventional 68.3 -0.02 0.49

Proposed 66.6 -0.01 0.37

(* Lager ΔTime means faster processing.)

4. SIMULATION RESULTS

In order to verify the effectiveness of the proposed method,

experiments were conducted to compare the processing time

and PSNR against the original uncompressed sequences among

the proposed method, conventional method [4] and JM10.0

[5]. As input sequences, Football (6 Mbps), Bus (8 Mbps),

Flower (10 Mbps) and Mobile (12 Mbps) were used. The

coding parameters of the input for TM5 were set to MPEG-2

(720 * 480, M=1, N=15, 150 frames), and the output condi-

tion was set to H.264 (QP=28, 30, 32, 34). The H.264 encoder

employed a fixed QP in order to eliminate the influence of rate

control. The thresholds were set based on our preliminary ex-

periment. Processing time and PSNR comparisons are shown

in Table 2. For the evaluation in different QPs, we adopted

BDPSNR and BDBR in [6], which represent average differ-

ence of PSNR and bit rate between two methods, respectively.

As shown in Table 2, the proposed method reduced pro-

cessing time by 37.7% to 66.6% compared with JM. The degra-

dation of the PSNR was less than 0.07 dB. We also confirmed

that the proposed method has no subjective degradation.

When compared with the conventional method, it can be

seen that although the improvement of PSNR in the proposed

method is very limited in Flower and Mobile sequences, larger

quality improvement (up to 0.29dB (=-0.07-(-0.36))) is ob-

served in Bus and Football sequences. As for the bit rate,

it is equivalent to 9.43% (=11.75-2.32) reduction. This im-

provement confirms that the effective MPEG-2 coding mode

investigation and H.264 coding mode estimation has been per-

formed. One of the examples can be seen in Fig. 2 where

MPEG-2 inter mode is changed to H.264 intra mode in Foot-
ball sequence.

Fig. 6 shows the PSNR difference of every frame in Foot-
ball (QP=34) when compared with the conventional method.

As can be seen in the figure, much more stable transcoding

can be obtained in the proposed method since appropriate

mode decision leads to avoid coding mode mismatch between

MPEG-2 and H.264.

Fig. 6. Comparison of difference PSNR (Football, QP=34)

5. CONCLUSION

This paper proposes a coding mode decision for high quality

MPEG-2 to H.264 transcoder in the pixel domain. We exam-

ined the novel coding mode decision method that evaluates

the effectiveness of the coding mode in H.264 using MPEG-

2 coded data. Simulation results showed that BDPSNR im-

proved up to 0.29 dB at the cost of 22% more processing time

compared with the conventional method.
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