BANDWIDTH REDUCTION SCHEMESFOR MPEG-2 TO H.264 TRANSCODER
DESIGN

TXianghui Wei, Wengji You, Guifen Tian, Yan Zhuang, Takeshi Ikenaga, Satoshi Goto

Graduate School of Information, Production and Systemsgda University
2-7 Hibikino Wakamatsu-ku Kitakyushu, 808-0135, Fukualapan
phone: + (81) 93-692-5298, fax: + (81) 93-692-5288nail: wxh@ruri.waseda.jp
http://www.waseda.jp/ips/

ABSTRACT 2. SEARCH WINDOW REUSE SCHEMESFOR

In MPEG-2 to H.264 transcoding, MPEG-2 motion vector (MV) TRANSDOER DESIGN
reuse is an effective technique to simplify motion estima{ME) Motion estimation is the most computation and data intensart in
processing. The irregularity of MPEG-2 MV also brings diffity video coding system. In transcoding, MV from MPEG-2 reused a
in applying data reuse method for hardware design, whickispla search center in ME module of H.264 encoder is a simple beteff
a critical role for bandwidth reduction. In this paper, tweach  tive technique to simplify ME procedure, because MPEG-2 MY ¢
window reuse methods are introduced for HDTV applicatiohe T precisely indicate the matching position in reference farithus
Level C method utilizes horizontal search window reuse fostn  many computations can be saved. In [3], the decoded MPEG-2 MV
macroblock (MB), while the Level C+ method is designed fara#l  is reused as one of MVP to accelerate motion estimation pgroee
low bandwidth applications by reusing both horizontal aadieal  in H.264 encoder. In [4], MPEG-2 MV is also reused as MVP and
search window. Experiment results show both methods caewvach then a top-down splitting procedure is applied to decidelsobk
a low bandwidth level with negligible video quality loss. MV.
In transcoder design, the kernel problem for applying searc
1. INTRODUCTION window reuse method is to address the irregularity of MPBEGV2
The proposed Level C method utilizes the similarity of neigiting
Video transcoding performs operations to transform one -commV to regularize the search center position for most MBs. fitee
pressed video stream to another [1]. These operationsdadlit  posed Level C+ method applies a pre-processing procedaitedc
rate, frame rate, spatial resolution, coding syntax andectitrans-  motion vector clipping, to handle this problem. These twahnds
form, etc. In [2], transcoding has been classified into twte-ca will be discussed in detail in following sections.
gories: homogeneous and heterogeneous transcoding. pe® oy In following discussion, search range is defined-agy, pr) in
transcoder structure are often used: close-loop and amgn-This  horizontal direction and—py, py) in vertical direction; MB size is
paper focuses on heterogeneous transcoding between MREG-2 defined asN x N. Accordingly, search window size {srn +N —
H.264 video coding standard with a close-loop structure. 1)(sry +N — 1), wheresr, = 2py andsry = 2py. The raster-scan is
Many efforts have been contributed to develop an efficientassumed to be the processing order for H.264/AVC ME.
MPEG-2 to H.264 transcoding algorithm. The MPEG-2 motion
vector reuse is a commonly employed method to reduce compw2.1 Level C Search Window Reuse Schemefor Transcoder De-
tation of ME. In [3], the decoded MPEG-2 motion vector is usedsign
as one of motion vector predictors (MVP) in enhanced predict ;
zonal search (EPZS) algorithm. In [4], MEPG-2 motion vedsor 211 Overall Algorlth_m ] )
also reused as MVP. Then MVP selection, motion vector referem The Level C scheme is based on the fact that neighboring Méhoft
and a top-down splitting strategy for sub-block motion veae- have similar value. If the MV difference between succesbiés
estimation are applied. In MVP selection, motion costs of8@™2 s less than a threshold, they are assumed to the same aret age s
motion vector and motion vectors from neighboring blocksam- ~ search center for successive macro-blocks. After the aeigation
pared. The motion vector with the smallest cost is choseeasls  processing, search window reuse is available for most rHalok.

center. The Level C algorithm is as following
A critical issue in hardware design is bandwidth reductien b
cause external bandwidth is a limited resource in hardw&e- for eachMB; in sequence
eral methods have been proposed for full search block megchi
algorithms (FSBMA). In [5], four search region data reusehuds if APV = |V — MVi_1| < t then
from Level A to Level D have been discussed. In [6], a Level C+
algorithm and its associated n-stitched zig-zag scan rdeflave X =X_1+16
been introduced. This method utilizes horizontal and pbytver- Vi =Vi_1
tical overlapping area of search window by stitching sevibia SN_; = SearchWindow (f¥i_1);
vertcally. _ _ SWheuse = SMSW_1;
All these existing search window reuse method is based 6n reg IMoaded = M — Wreuse;
ular search position in reference frame. As for MPEG-2 to64.2 SM = SMoaded U Wreuse;
transcoding, it is difficult to directly apply these methplscause }
introducing MPEG-2 motion vector as search center will léad else
irregular overlapping between successive search winddw#his SM = SMoaded = SearchWindow (;);
paper, two search window reuse methods, Level C and Level C+, MotionEstimation(SM);
are proposed for MPEG-2 to H.264 transcoder design. Inaegti }
the proposed search window reuse schemes are introducpéri-Ex
ment results will be shown in section 3. In section 4, we widwd The raster scan is assumed to be the processing order fof H.26

some conclusions. ME. mv; andimv;_1 are current and previous MPEG-2 M;, yi)
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Figure 1: An example of MV regularization. Figure 2: Level C data reuse scheme.

and (xi_1,X_1) are their coordinatest is a predefined thresh- due to the sparse distribution of MB whose MV difference rgéa
old which is set to 6SearchWindow is the function to deter- than the threshold.
mine search window3M) based ormv; as shown in Equation 1;
MotionEstimation represents the function of motion estima- 5 1 3 Rause Rate
tion performed withirSA\. o
The next critical issue is that how many MB can utilize search
window reuse after MV regularization, which determines éxe

9N = SearchWindow (MV;) ternal bandwidth level. The reuse rate of four CIF sequences
={(XY)IX€ X —pn,Xi + Ph+N—1), (1) and five HDTV720p sequences are tested. The resqlts are shown

€ [yi—puYi+pv+N—1)} in Table 1. It is observed that most of MB both in CIF and

ye =Pyt HDTV720p sequences can utilize search window reuse unéer th

Fi 1sh le of MB bef d aft roposed method. In general, the HDTV720p sequence achieve
Igure 1 Shows an example o Sequences before and alifiqher reyse-rate than CIF sequence, because HDTV720prsezu

MV regularization. The regularized MBs can utilize Level&gch 1 oq higher resolution and thus a lower difference betweesiof

window reuse scheme, which is shown in Figure 2. neighboring MB. So the MV similarity in HDTV720p sequence is

2.1.2 Threshold Determination higher than CIF.
The reuse-rat@reyse in the proposed method is defined as
Table 1: Search window reuse rate comparison.

D _ DNreuse

"% = Nrotal | Sequence | Reuse ratg]

. . - HDTV720p | Crew 90.7%

wherenreuse is the number of MB which can utilize the Level KnightShield 91.3%

C search window reuse under the proposed algorithm frankewor City 97.8%

Niotal is the total number of MB in the whole sequence. Harbour 93.9%

; Parkrun 97.5%

e CIF Canoa 74.0%

900% | Container 95.5%

} Foreman 81.9%

80.0% | Stefan 85.5%

70.0% -

Reuse Rate

2.1.4 Performance Evaluation

60.0% |-

Two factors must be taken into consideration to evaluatéoper
50.0% |------foo ] —e—Crew (HDTV720p) | - . . )
mance of data reuse scheme: on-chip memory size for referenc
00 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ frame and redundancy access factor [6]. The on-chip menipey s
o 1 ) 3 B 5 6 ; s 9 represent required buffer of candidate block for data retibe re-

Threshold dundancy access factBy evaluates external bandwidth and is de-
fined as the number of reference pixel be loaded for each M&.pix
Figure 3: Threshold value versus reuse-rate. Ry of the proposed Level C method is calculated as the expenotati

of Ry of all MB, which is shown as following

Obviously preuse determines bandwidth level in the proposed
algorithm, because high@reuse means more MB can utilize search _
window reuse. So we must test which threshold value canezhie Ra =E(Rq)
usable reuse-rate. Experiments are conducted in Forenahgd
Crew (HDTV720p) sequence. Fig.3 shows the experimenttdsul
is observed that about 80% (Foreman) and 90% (Crew) MB can
be regularized if the threshold is set to 6. Further increashe wherepreuse is the reuse rate mentioned abowRy| eve ¢y and
threshold will lead to slowly increase in reuse-rate; thisriainly Ry (noRreuse) are calculated as following

@)

= Preuse* Ry (Level ¢) + (1 — Preuse) - Ry (NoReuse)



can load reference pixels from the same on-chip memory;hbtrs
horizontal and vertical search window reuse is availabigufe 5

N(sry+N—-1
Ra(Level ) = % " shows an example.
Ra (NoReuse) = (Sh+N-D)(sv+N-1) SMyeu = SearchWindowMEU (Mivey )
v = {(xy)
The on-chip memory size for this method is equal to 2 times X € [XMEU — PnsXMEU + Pn+N-h—1), (%)
of the size of search window, which i$, + N — 1)(sry +N —1). N 1
This is because current reference buffer must be flushed thigen Y€ [ymEu — Pv;Ymeu + v+ N-v—=1)}

coordinate difference is larger than the threshold; andéhé MB 223 Performance Evaluation and Optimization of MEU Size

must load reference pixel from another memory. The redundancy access facRy of the proposed Level C+ method

22 Level C+ Search Window Reuse Scheme for Transcoder 1S c@lculated as following

Design

Although the method proposed in last section can utilizézootal Ry = (Shth-N- 1)(3‘2’ +v-N-1) (6)
search window reuse for most MB, further improvement is jibss v-h-N

by utilizing both horizontal and vertical search windowseuThe The size oBMyey is (Srh+h-N—1)(sry+Vv-N—1), which is

fundamental idea of the proposed method is to load searotiowin  also equal to the size of on-chip memoN—chip)-
for a group of MB stitched together. MB of the same group can

reuse search window horizontally and vertically. By thisywthe

average reference pixel for each MB can be reduced. Thisadeth

is called Level C+ scheme in this paper. It is primarily desid

for ultra-low bandwidth applications, while on-chip memas not

a main constraining factor. 8

2.2.1 Motion Estimation Unit (MEU)

The MB group in the proposed method is defined as Motion Es- 5
timation Unit (MEU), which is the unit of reference pixel diag
and motion estimation. Itis composedwdfB in vertical direction
andh MB in horizontal direction as shown in Equation 4. Figure 4
shows an example of MEU.

Ry 3

MEU = {MB;jj|0<i<v,0<j<h}
— 1 ea
MVMEU = ni;j;m‘/ii

To load search window for MEU, search center of MEU Figure 6: Bandwidth comparison under differenh, p, andpy.
(Mimeu) must be first determined, which is calculated as average
mv; of each MB in MEU. In this step, we make the assumption that]
each MB in MEU has the same MV a®gy ; thus after the search
center of MEU is determined, the boundary of search window o

(4) .
616 PR J—

In Figure 6, the relationship betwe&nh andRy is presented.
t is observed thaR, will reach a very low level (approaching 1)
if vandh are large enough. But too largeandh will lead to un-

; ; acceptable size of on-chip memory. A proper size of MEU must
MEU (SMsev) is also determined. reach a balance between external bandwidth and on-chip rgemo
2.2.2 Overall Algorithm This problem can be addressed by solving the following ogtim
tion problem.

The proposed Level C+ method is described in detail as fatigw

. 1
SMyey = SearchWindowMEU Mgy ); min - z=f(wh) = Ra + - Mon—chip
for eachMB;; € MEU
s.t. O<v<Ny,

SN} = SearchWindow (Vi)); 0<h<Ny, (7
if SMj C SMveu then Ny modv=0,
MotionEstimation(SAj); N, modh =0,
else
v>h.
VWV.'} = MVCliPPing(fWVij_)?) The z is the cost function of variable and h, which is com-
SN} = SearchWindow (MV;;); posed of redundancy access fadRy (Equation 6) andVlon_chip
MotionEstimation(S\f)); as mentioned in last sectiok is the normalizer of on-chip mem-
ory, which is set to the on-chip memory size of standar
} hich i h hi i f dard HIpEA
module as shown in Table 3\, and N, is the number o
} dule (4 MB) h in Table 3\, andN;, is th ber of

MB in vertical and horizontal directionpy, = p, = 16 is set for
where SearchWindow is the function to determine search HDTV720p sequence ang, = pn, = 8 is set for CIF sequence.
window (SMj) based on rT’Mj as shown in Equation 1, Ny modv=0andN, modh= 0 must be satisfied for a conve-
SearchWindowMEU is the function to determine search win- nient hardware implementation.> h is set because the horizontal
dow for MEU (Equation 5)MV Clipping represents the process- variation of motion vector is larger than in vertical diiect The
ing of motion vector clipping. It performs oﬁ’vi,- which goes be-  optimization result for HDTC720p i = 9,h = 4 and for CIF is

yond the boundary dBMygy to make sure that each MB in MEU v=6h=2.
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Figure 4: An example of MEU= 3, h = 2). Figure 5: An example of motion vector clipping.
3. EXPERIMENT RESULT e Trandscoer (Level C) A transcoder IME module with Level C.

- I 0,
Experiments are conducted with CIF and HDTV720p sequence. | .IFfreafdeségé? I(T_g)elﬂ)éﬂ A transcoder IME module with Level
The MPEG-2 reference software [7] and the H.264 referenfte so C+(=9,h=4)
ware JM 11 [8] are used to construct the transcoding platéordito ’ ’
simulate the proposed search window reuse algorithm. In G{2E
encoder, search range is se{+82 32) and[—64,64) for CIF and

HDTV720p sequence. All sequences are coded with IPPP patter Table 3: Bandwidth and on-chip memory comparison.

in MPEG-2 encoder. The MV of Intra MB in P-picture is set to the Ra | On-chip Memory
same value as previous MV; and the MV afSkip MB in P-picture (Kbyte)
is set to zero. H.264 (Levle C) 8.94 20.0
H.264 (Level C+)| 2MB | 4.97 24.7
3.1 Video Quality Comparison for Level C and Level C+ 4MB | 2.98 35.6
Scheme Transcoder (No Reuse) | 8.63 2.2
. . . Transcoder (Level C) 351 4.3
Video quality must be compared between ME algorithms witth an Transcoder (Level C+) 1.80 16.2

without search window reuse scheme, because both the mapos
Level C and Level C+ schemes will lead to video quality change

is introduced by modification of MV. This section presentpex
iment results on video quality comparison. The test seceeace
four CIF and four HDTV720p sequences. Three transcoding-alg

mgtmhzdair: S%?Te%agidbgig?n;he method proposed by [3]. The fir ME). The redundancy access facRy of the proposed Level C+
i ) o scheme is smaller than 2, which means that the proposed thetho
e Atranscoding algorithm reusing MPEG-2 MV as search centerneeds no more than two reference pixels for motion estimaifo
No search window reuse scheme is implemented. (Baseline) each MB pixel. The on-chip memory of the proposed method is
¢ Atranscoding algorithm reusing MPEG-2 MV as search centerg5.6% (2 MB) and 45.5% (4 MB) of standard H.264 with Level
The proposed Level C search window reuse scheme is appliedc+, which is acceptable.
e Atranscoding algorithm reusing MPEG-2 MV as search center.
The proposed Level C+ search window reuse scheme is applied. 4. CONCLUSION

Table 2 shows the video quality comparison. It is observetl th | this paper, Level C and Level C+ search window reuse scheme
there exists very small difference of video quality. The HO'ROp  for MPEG-2 to H.264 transcoding are proposed. The Level C
sequences have smaller difference because of its highéilaisim scheme can achieve the same level of bandwidth as stand2éd H.
ity of MV among neighboring MB. Video quality improvement is |ME with Level C scheme with a much smaller on-chip memory.
observed in Level C+ scheme for sequence with fast motion angthe Level C+ method can achieve a very low external bandwidth
complicate background, for example in Football and Ste@ifX. (R, < 2) with an acceptable on-chip memory by applying both hor-
This is because the motion vector clipping processing wesla  jzontal and vertical search window reuse. Compared witistae-
smoother MV field by punishing MV going beyond8Mveu . [10]  dard Level C+ method which loads search window for a group of
indicates that a smooth motion vector field can represeecobio- VB connected vertically, the proposed one loads searchawirfdr

Itis observed from Table 3 that the redundancy access fRgtor
of the proposed Level C scheme for transcoding is almostléqua
standard H.264 IME with Level C scheme. But the on-chip isimuc

maller (only 17.4% (2 MB) and 12.1% (4 MB) of standard H.264

tion more accurate. a group of neighboring MB both in horizontal and verticakdiion.
_ ) Combined with reduced search range introduced by MPEG-2 MV,
3.2 Bandwidth Comparison ultra-low bandwidth can be achieved. Experiment resulbsvshat

_both methods have negligible video quality degradation.
The memory index problem introduced by reusing MPEG-2
MV is important because less memory access will reduce power

The bandwidth and on-chip memory of five IME modules are com
pared based on equation of [6], section 2.1 and 2.2. Thedest s

auzegzearl%[ﬁng’ Y(;)Zf%?.tr%r;iosdeea}rch range s sef-164,64) for dissipation. For the proposed Level C method, on-chip mgraor
' ’ ) ) . ~_ cessisthe same as the standard Level C method, while thempemo
e H.264 (Level C) A regular H.264 integer motion estimation ypdate can be controlled by a modified ping-pang strategst iEh

(IME) module with Level C scheme. . when one memory is accessed, the other one is updated. For the
e H.264 (LevleC+) Aregular H.264 IME module with Level C+, proposed Level C+ method, on-chip memory access times can be
2 and 4 MB stitched vertically. reduced by further regularizing the position of search wimdn

e Transcoder (No Reuse) A transcoder IME module without any the same row. Considering the similarity between successearch
data reuse scheme. windows, this regularization will not greatly degrade \ddguality.



Table 2: Video quality comparison.

Sequence Level C Level C+
APSNR [ ABitrate APSNR [ ABitrate
CIF Container -0.0004 dB| +0.0007% -0.0000 dB]| +0.0000%
Football -0.0086 dB| +0.1314% | +0.0349 dB| -0.6404%
Foreman -0.0002 dB| +0.0055% | -0.0020 dB| +0.0312%
Stefan -0.0079dB| +0.1698% | +0.0294 dB| -0.5952%
HDTV720p | City -0.0002 dB| +0.0073%] +0.0031 dB]| -0.0951%
Harbour -0.0011dB| +0.0433% | -0.0004 dB| +0.0101%
Knightshields| +0.0019 dB| -0.0359% | +0.0003 dB| +0.0051%
Parkrun -0.0009 dB| +0.0518% | +0.0003 dB| -0.0051%

In the proposed Level C method, the threshold is fixed. This
could be further improved by defining a adaptive thresholktdan
video context. In addition, the threshold can be chosenféereint
value for vertical and horizontal direction. We will tegtthis idea
in our further work.

Our future work will involve a hardware implementation of
the proposed search window reuse schemes which is included i
a MPEG-2 to H.264 transcoder chip design for HDTV applicatio
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