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Abstract: The new H.264 video coding standard achieves significantly higher compression performance than MPEG-2. As the
MPEG-2 is popular in digital TV, DVD, etc., bandwidth or memory space can be saved by transcoding those streams into H.264 in
these applications. Unfortunately, the huge complexity keeps transcoding from being widely used in practical applications. This
paper proposes an efficient transcoding architecture with a smart downscaling decoder and a fast mode decision algorithm. Using
the proposed architecture, huge buffering memory space is saved and the transcoding complexity is reduced. Performance of the

proposed fast mode decision algorithm is validated by experiments.
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INTRODUCTION

The new H.264 standard achieves significantly
higher compression performance than previous stan-
dards. The old MPEG-2 standard (MPEG, 1993) is
the most common video standard adopted in the
multimedia industry that finds wide applications in
digital TV, DVD, etc. As bandwidth or memory space
can be saved by transcoding from previous standards
to H.264, the video transcoding plays an important
role in multimedia applications such as video gate-
ways, media proxies, and digital video recorders
(DVRs). In these applications, video transcoding with
spatial resolution reduction should adapt for various
terminal devices. In this paper, we focus on
transcoding from MPEG-2 to H.264 with spatial
resolution downscaling by two in each dimension.

It is well known that the higher compression
performance of the H.264 is at the cost of higher
computation complexity. Among the new coding
features adopted in H.264, the motion estimation with
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seven variable block sizes and multiple references is
the most complex module and affects the compres-
sion performance significantly. For instance, in the
reference H.264 encoder JM (http://bs.hhi.de/
suehring/tml/download), the coding mode for each
inter-MB is decided after seven times of motion es-
timations with different block sizes ranging from
16x16 to 4x4 and two times of intra predictions with
two sizes: 4x4 and 16x16. The huge complexity of
the coding mode decision keeps it from practical
applications.

Whereas, considering that the motion and the
mode information in the MPEG-2 input stream can be
re-used for the H.264 re-encoder in the transcoding
situations, the burden of the mode decision can be
relieved significantly. Several fast mode decision
(Chang et al., 2003) and motion vector reusing
schemes have been proposed to reduce the mode deci-
sion complexity for the re-encoder (Xin et al., 2002). A
motion vector (MV) and coding mode re-using method
is proposed in (Zhou et al., 2005) which uses the MV
in input stream as prediction MV and splits an MB
following a “top-down” procedure. The information
such as distortion and coding modes are used to de-
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termine which modes can be eliminated and the MV
from MPEG-2 are utilized for an H.264 re-encoder
using EPZS (enhanced predictive zonal search) in (Lu
et al., 2005). Two “bottom-up” merging schemes
combined with early-stop strategies for variable sizes
selection algorithms are proposed in (Kucukgoz and
Sun, 2004; Bu et al., 2006). In all these algorithms,
only the input motion vectors and coding modes are
exploited for fast mode decision while the informa-
tion in the input residual signal is never exploited.

In this paper, we mainly propose a fast mode
decision algorithm for the video downscaling
transcoder from MPEG-2 to H.264 by exploiting the
useful information carried by the MVs as well as the
residual signal in the input steam. An efficient
transcoding architecture including a smart down-
scaling decoder and the fast mode decision is also
proposed. Much buffering memory space and a great
number of operations are saved by the downscaling
decoder. Furthermore, with the proposed fast mode
decision, huge complexity is reduced by deciding the
coding block size for each inter-MB without the
motion estimations at the H.264 re-encoding stage.
This efficient transcoding architecture is especially
suitable for practical applications with limited
computation resources.

(©

The rest of the paper is organized as follows. We
first present the smart transcoding architecture in
Section 2. The fast mode decision is then proposed in
Section 3. Some experimental results of the proposed
fast mode decision and a discussion are presented in
Section 4. Section 5 concludes the paper.

TRANSCODING ARCHITECTURE

Pixel domain transcoding architecture (Xie et al.,
2002; Vetro et al., 2003; Ahmad et al., 2005; Lefol et
al., 2006; Qian et al., 2006) is adopted in this paper. A
conventional pixel domain downscaling transcoder is
simply composed by cascading an H.264 re-encoder
after a whole MPEG-2 decoder and a downscaler. The
primary modules of the MPEG-2 decoder and the
downscaler, called as “downscaling decoder” hereaf-
ter, adopted by the cascaded transcoder, are shown in
Fig.1a. The input residual DCT coefficients first un-
dergo the inverse DCT module (iDCT), which pro-
duces the MB residual. An MB is reconstructed by
adding a referenced MB pointed by the motion vector
(MV) in a previous frame to the MB residual. This
process is called as motion compensation (M") where
the superscript “f” means motion compensation at full

(b)

(d)

U: up-sampling; D: down-sampling; TRUNC: motion vector truncation; iDCT: inverse discrete cosine transform
M": motion compensation with full resolution; M": motion compensation with reduced resolution; INT: interpolation

Fig.1 MPEG-2 downscaling decoders. (a) Full motion compensation; (b) Reduced motion compensation;
(¢) Reduced motion compensation with full MV; (d) Smart motion compensation with full MV
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resolution. Then the reconstructed MB is buffered and
downscaled (D). Two buffers, FB1 and FB2 in Fig.1a,
are needed to store the decoded frame at full resolu-
tion for the next frame reconstruction and the down-
scaled frame with a quarter size of the full image for
re-encoder, respectively. The main complexity of
decoding and downscaling processes depends on the
operations in iDCT, M' and D modules and memory
accessing. As shown in Fig.la, both iDCT and M’
work at full resolution and FB1 needs to store the
image at full size. In the following segments we focus
on reducing the complexity of MPEG-2 decoding and
downscaling processes.

To reduce the complexity of the downscaling
decoder, the simplest way is to conduct motion com-
pensation in the reduced resolution (M) shown in
Fig.1b. In this scheme, the downscaling stage is ac-
complished before motion compensation. Three
quarters of the additions for motion compensation and
memory space are saved. An additional module
TRUNC is employed to truncate the input MV pro-
portionally to match the image size downscaling.
Although huge complexity is reduced by this scheme,
it introduces unacceptable quality degradation. The
quality degradation originates from the mismatch
error between the predictive and residual components
due to the noncommutative property of motion com-
pensation and downscaling (Yin et al., 2002; Shen,
2005).

To compensate the quality degradation induced
by the reduced motion compensation granularity,
another reduced resolution motion compensation
(also denoted as M") method is first proposed by Ng et
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al.(1993). The decoder with this scheme is show in
Fig.lc. In this scheme, full motion information is
employed for the reduced resolution image recon-
struction. As shown in Fig.1c, an up-sampling module
(U) and a downscaling module (D) are inserted into
the motion compensation loop. This scheme is im-
proved smartly by Sun (1993)’s replacing the D and U
modules with an interpolating module (INT). With
the INT, one 8x8 block can be interpolated into six-
teen 8x8 blocks. The selection of the referenced 8x8
block is decided using the two least significant bits
(LSB) of the input MV. The INT module is designed
optimally with regard to the D module in (Vetro and
Sun, 1998). The decoder with the improved motion
compensation scheme is shown in Fig.1d. The D and
iDCT modules are emerged into a single module since
the computation complexity of the D and iDCT can be
reduced significantly by the merging (Merhav and
Bhaskaran, 1996). Excluding the additional com-
plexity induced by INT, the memory requirement and
addition operations of the decoder in Fig.1d are the
same as the one in Fig.1b. As the moderate video
quality is preserved with low complexity, the decoder
in Fig.1d is adopted in our transcoder.

With the smart downscaling decoder, the
transcoding architecture on which our fast mode de-
cision algorithm is based is diagrammed in Fig.2. Two
modules of “edge direction detection” and “MV scal-
ing & mode decision” are added in the transcoder.
With these two modules, the coding modes for the
new MB can be decided without motion estimation.
Huge complexity is reduced in the H.264 re-encoder.

D
—b{ VLD (] iQl F—»f & > HT
: | iDCT A
[
! >
| A
| : | @ Entrgpy
1 . inter coding
| | MV
| P Refinement
i AN
......................... b MV scaling& ||
. Mode decision intra
| X » Iqtrg
........... . . | R Prediction iQ2
Residual info. . - Edge direction I }} A
— == MV info. detection |— T T T T A —— === ¢
Y
D: downscaling  INT: interpolation | Deblocking |<—| FS I: D« iHT

Fig.2 MPEG-2 to H.264 downscaling transcoding
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FAST MODE DECISION

Each input MB in the pre-coded MPEG-2 stream
is downscaled and then decoded into one 8%8 block.
Four such neighboring 8x8 blocks are combined into
one new MB in the H.264 re-encoder. As intra coding
mode for an inter MB is allowed in MPEG-2, there
are three combinations for the four neighboring
pre-coded MBs: (1) all intra coded; (2) all inter coded;
(3) hybrid by intra and inter. According to the coding
types of the four corresponding MBs in the pre-coded
stream, the coding mode for the new MB is decided as
follows: (1) Coding the new MB as an intra MB if all
four corresponding pre-coded MBs are intra coded; (2)
Coding the new MB as an inter MB if all four corre-
sponding pre-coded MBs are inter coded; (3) Con-
ducting both intra prediction and inter prediction and
selecting the one with minimum rate-distortion (RD)
cost. In the H.264 re-encoder, the four scaled 8x8
blocks can be merged into larger blocks: 16x8, 8x16
or 16x16, or split into smaller blocks: 8x4, 4x8 or 4x4.
The merging and the splitting procedures for one new
MB are illustrated in Fig.3. To match the spatial
resolution downscaling, the motion vector of each
pre-coded MB is also truncated. As half-pixel resolu-
tion motion vector is allowed in MPEG-2 and
sub-pixel resolution in H.264, the value of the trun-
cated MV equals to the input MV. As shown in Fig.1d,
the two LSBs are employed to decide how to inter-
polate the referenced block. In our merging scheme,
we exploit the four input vectors to decide whether to

MB 25 — 7]
By i M V-scaling I !.__—:
MB 4| 5 il

gxg|  |=>[ 16x8
Splitting =
8x4 E 4 I Merging
8x1 16x16
4x4 =

Fig.3 MB and MV downscaling and block size selection
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merge the four 8x8 blocks. If the four MVs satisfy the
merging condition, a larger block size is selected for
this new MB. Otherwise, the edge direction of each
8x8 block residual is calculated and the block is split
according to the edge pattern.

Merging scheme

The following constraint is used to decide
whether two 8x8 blocks can be merged into a larger
one.

Dist(V1,V2)=|VI x-V2 xHV1 y-V2 J)|<TH, (1)

where Dist(V1, V2) is the distance between V1 and V2.
V1 xand VI _y are the x and y direction values of V1,
respectively. TH is the threshold which is set to 3 in
the experiences. When the distance between the MVs
of two neighboring 88 blocks is not larger than 3,
these two blocks are merged into a larger block. The
merging process is expressed as follows:

(i) If Dist(V1,V2)<=TH && Dist(V3,V4)<=TH,
16x8 block size is selected for the MB,;

(i) If Dist(V1,V3)<=TH && Dist(V2,V4)<=TH,
8x16 block size is selected for the MB;

(iii) If both (i) and (ii) are true, 16x16 block size
is selected for the MB; Else if both (i) and (ii) are not
true, splitting detection is conducted for each 8x8
block.

If the merging condition is satisfied, a new MV
for the larger block is simply generated by averaging
the included MV (Youn et al., 1999). This MV as well
as the median predicted MV defined in H.264 (JVT,
2003) is used as the prediction MVs. The point which
has less RD cost is selected as the centre for the mo-
tion re-estimation. Then the mode decision ends. If
the merging condition is not satisfied, a splitting de-
tection is conducted.

Residual edge pattern analysis

To decide whether to split an 8x8 block into
smaller blocks, the relative motion information in the
residual block is analyzed. Employing the principle
that if the motion is uniform, the direction of the ob-
ject movement is perpendicular to the dominant tex-
ture direction in the residual image (Seferidis and
Ghanbari, 1994; Wang et al., 2007), we can extract
the relative motion direction in the block by analyzing
the edge direction in this 8%8 block residual. As each
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MB is downscaled into an 8x8 block, we use the edge
direction in the decoded MB residual to replace the
edge direction in the 8x8 block residual.

Deducing from a simple pixel-domain edge de-
tection algorithm (Shen and Sethi, 1996), we extract a
dominant edge direction in the MB residual from
several DCT coefficients. The MB residual is first
divided into four 8x8 blocks. Then, each 8x8 block is
further divided into four 4x4 blocks as Fig.4.

Sﬂ S{ll

Sl Sll

Fig.4 Partition of an 8x8 block

Let Soo, So1, S10 and Sy, denote the average in-
tensity of each 4x4 block.

3 3

Sl,v=%22p(4u+i,4v+j), u,v=0,1, (2)
i=0 j=0

where p(k,/) is the intensity value of each pixel. &, /=
0,1,...,7 are the vertical and horizontal indexes. Two
edge feature parameters, vertical edge parameter V'
and horizontal edge parameter H, are introduced.

V=L(SOO+S10)_(501+S11)J’ (3)

S

H =L(Soo +S01);(S10 +511)J’

“4)

where | | represents the floor function. The scaling
factor § equals 4 times of the quantization step,
OPstep, in the H.264 re-encoder. Employing the
property of DCT, ¥ and H can be calculated in DCT
domain (Chang and Kang, 2005).

. LO.45X(1, 0)—0.16.X(3,0) +0.1X(5,0)— 0.09.X(7, O)J

2-QPstep
®)
1= 0.45X(0,1)-0.16.X(0,3)+ 0.1.X(0,5)—0.09.X(0,7)
2-OPstep ’

(6)
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where X(k, [) is the DCT coefficient after inverse
quantization in the MPEG-2 decoder.

According to H and ¥, each 8x8 block can be
classified into one of the four categories as tabulated
in Table 1. Through synthesizing the edge directions
of the four 8x8 blocks, we classify each 16x16 block
as follows:

(1) No obvious edge. If all the 8x8 blocks belong
to the No Obvious Edge;

(2) Vertical dominant direction edge. If the left
two 8x8 blocks or the right two 8x8 blocks or only
one 8%8 block have the Vertical Dominant Edge;

(3) Horizontal dominant direction edge. If the
above two 8x8 blocks or the below two 8x8 blocks or
only one 8x8 block have the Horizontal Dominant
Edge;

(4) Diagonal direction edge for all other com-
binations.

Table 1 Edge direction categories of one 8x8 block

Measure Edge direction
e No obvi-
VR0 s edge
Vertical
0<|V|<|H] dominant
edge
Horizontal
0<|H|<|V] dominant
edge
_ Diagonal
HA0

8x8 block splitting scheme

The dominant edge direction in the 8x8 block
residual is represented by the corresponding MB
residual direction. We segment each 8x8 block along
the edge direction in the 8x8 block residual as fol-
lows:

(1) 8x8 size for no obvious edge;

(2) 8x4 for horizontal dominant direction edge;

(3) 4x8 for vertical dominant direction edge;

(4) 4x4 for diagonal direction edge.

EXPERIMENTAL RESULTS AND DISCUSSION

A transcoder is constructed simply by cascading
a JM8.6 encoder after an MPEG-2 decoder and a
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downscaler. The proposed transcoder and the refer-
ence transcoder are simulated for RD performance
comparison. Our proposed fast mode decision is em-
ployed in the proposed transcoder. The reference
transcoder decides the coding mode by conducting
seven variable block size motion estimations and
selecting the block size with the smallest RD cost.
The first 100 frames of Akiyo, Paris, and Foreman
sequences at CIF (352x288) resolution are first up-
samled to 4CIF size (704x576) by a bilinear interpo-
lation filter and encoded by an MPEG-2 encoder at
6 Mbps with GOP size of 15 and “IPPP” structure.
The Stefan sequene is coded at 8 Mbps. And then they
are transcoded to H.264 format with “IPPP...”
structure with different QP. The re-encoder uses the
CAVLC entropy coder and one reference frame. The
motion refinement search range is +3 around the
centre point. The RDO is off because we focus on low
complexity applications. The RD curves of the pro-
posed transcoder and the reference transcoder are
shown in Fig.5. The peak signal-to-noise ratio (PSNR)
is between the downscaled output image and the
re-encoder reconstructed image.

—a&—TForeman_proposed —4— Foreman_ref.

M —o—Paris_proposed =~ —e— Paris_ref.
43 I f —x*— Stefan_proposed =~ —x*—Stefan ref.
41 F {/ —o—Akiyo proposed  —m=—Akiyo ref.
g M¥hH /
= L
2 5 )4
g T/
5 35f /
& L
g i
g »y
31 f /
29 1 1 1 1 1
0 500 1000 1500 2000 2500
Bit rate (kbps)

Fig.5 Rate-Distortion curves of the proposed transcoder
and the reference transcoder

From Fig.5, we can see that the RD curves by the
proposed transcoder are close to those of the reference
transcoder. Series of other sequences at different bi-
trates are also tested. There is about 1.9% for average
bitrate increase and no more than 3.8% for the worst
case with the same PSNR by the proposed transcoder
comparing with the reference one. Table 2 tabulates
the performance comparison between the proposed
fast mode decision and the reference mode decision at

QP=28. In the table, “APSNR (dB)” and “ABits (%)”
represent the PSNR change and the bit rate change in
percentage, respectively, of the proposed mode deci-
sion comparing with the reference one. “speedup
(times)” represents the speedup times calculated by
dividing the re-encoding time consumed by the ref-
erence transcoder with the re-encoding time con-
sumed by the proposed one. It can be seen from Fig.5
and Table 2 that with little degradation of RD per-
formance, the proposed algorithm speeds up the
re-encoder dramatically.

Table 2 Experimental results of the proposed transcoder
vs. the reference one at QP=28

Sequence  APSNR (dB)  ARate (%) Speedup (times)
Stefan —0.023 +1.8 44
Foreman —0.063 +3.8 4.8
Akiyo —0.009 +0.0 5.6
Paris —0.056 +2.1 5.1

As we know, the mode decision in the reference
encoder is designed to select the mode with the
maximum quality and minimum bit rate. While our
proposed algorithm is designed to partition the MB
fast according to the movement characteristic of the
MB. Without calculating the seven RD costs by seven
times motion estimations, the coding mode selected
by our algorithm may not have the least RD cost. So
the RD performance is a little lower than the reference
transcoder. But with little loss of RD performance, the
proposed algorithm significantly reduces the compu-
tation complexity. There is more than 4.4 times
speedup. It is worthwhile to sacrifice little RD per-
formance to reduce huge transcoding complexity.
This is necessary for computation constraint situa-
tions.

CONCLUSION

In this paper, we propose a fast mode decision
algorithm for a video downscaling transcoder from
MPEG-2 to H.264. The efficient transcoding archi-
tecture includes a smart downscaling decoder and the
fast mode decision re-encoder. Much memory space
and a great number of operations are saved by the
downscaling decoder. By exploiting the motion in-
formation carried in motion vectors as well as the
residual signal, the proposed fast mode decision al-



Wang et al. / J Zhejiang Univ Sci A 2008 9(4):457-463 463

gorithm decides the coding block size for one new
MB without motion estimation. Huge complexity is
reduced with little compression performance degra-
dation. With the proposed architecture, the transcod-
ing task even can be realized on a single embedded
processor such as DAVINCI for real-time applica-
tions.
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