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Abstract — Motion compensation (MC) is one of the mosMPEG-2 [1], H.264 [2], and Chinese AVS [3]. As diani

important technologies capable of removing the t@m@p
redundancy and widely adopted by the main videndsteds. From
the older MPEG-2 to the latest H.264 and the ChenAY¥S, many
efficient coding tools have been introduced into,MGch as new
motion vector prediction, bi-directional matchingarter precision
interpolation, etc. However, these new featuresmoasly increase
the computational complexity and
consumption. In this paper, we introduce a novehéecture design
of Motion compensation (MC) for multiple video stards including

MPEG-2, H.264, and AVS. The proposed design haaaamlock-

level pipelined structure which consists of MV Recaat, Cache-

based Fetch, and Pixel Interpolation unit. The pregd architecture
exploits the parallelism in MC algorithm to accelts the processing
speed and uses the dedicated design to optimizend¢ingory access.
MV Predictor unit can cover all MV prediction algtthms for the

three standards and provide a simple error conceaimscheme.
Cache-based Fetch unit can save 25% memory baruwfd¥C in

average and doesn’t impact the performance in tbesticase. Pixel
Interpolation unit adopts fully separate 1-D filieg structure which
is designed to effectively avoid the redundant dateons. The
architecture can achieve the real-time multiplenstard decoding
for HDTV 1080i (1920x1088 4:2:0 60field/s) videoheT efficient

design can work at the frequency of 148.5MHz amdtthal gate

count for logic circuit s is about 56K.

Index Terms — motion compensation, VLSI architectue, AVS,
H.264

I. INTRODUCTION

Today the explosive growth of consumer electrordos
home entertainment has drastically changed theirsgants
placed on the end-silicon providers. Consumers @xgeir
devices to play media from different sources andedousing
different standards. General-purpose processorgraide a
flexible approach for multiple standards. Howeviérmust
operate at very high clock speeds to achieve tloglined
computational bandwidth. Such multi-GHz processdraw
substantial amounts of power and are inappropriate
consumer electronics applications. Therefore, thedware
accelerators are a must especially for high défimitideo
application. In this paper, we focus on three videandards:
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hybrid block-based coding mainframe is employedtlgse
three standards, it is reasonable to develop ai-molie
decoder to support them. Our design target is topcu
MPEG-2 MP@HL, H.264 MP@L40, and AVS Jizhun@L60.

In the three video standards, block-based motion

the memory bantiwid compensation is the key technique which is useskfdoit the

temporal redundancy. The traditional MC in MPEG-&sh
been improved in the latest H.264 and AVS standerdsder
to achieve higher coding efficiency. These new uess
contain variable block sizes, new motion vector (MV
prediction, multiple reference pictures, bi-direcil
prediction modes, unrestricted MV, and quarter igieo
interpolation. All new features require higher cadtion
capacity and more memory bandwidth which directfga the
cost effectiveness of a commercial video decodkrtisa for
multiple standards. The amount of memory accessviforis
about 45% and the time consumed by pixel interpmiat
processing is about 25% in the H.264 decoder [Ag Jimilar
result can be obtained for AVS standard. So MC besoone
of the most data intensive parts of video decodst a
bottleneck in implementation.

There are various architectures of MC decoding @sed in
literatures [5-8]. Reference [5] focused on theeiipblation
hardware design of both AVS and H.264, but it did cover
other components of the whole MC subsystem. Refer¢d]
proposed a whole design for MC sub-system in H.26d it
could not support the latest AVS standard. Refareff
provided three strategies to save the memory batkdvend
adopted 2D filters to increase the system throughput the
potential optimizing spaces can still be found. €Refice [8]
utilizes the cache scheme to reduce further the anem
bandwidth, but the cache hit-rate will drop quickihen
multiple reference picture prediction is required.

In this paper, we propose a novel VLSI architectareMC
subsystem to solve the above issues and achievéetier
subsystem performance. A pipelined architectureoimposed
of MV Predictor, Cache-based Fetch, and Pixel pukation
unit. The three-stage macroblock-level pipeline deal with
all MC related data processing. MV Predictor unitkes use
of the uniform prediction algorithm to reduce thkcen cost
and improves the hardware utilization rate throegtending
the error concealment function. Cache-based Femithcan
reduce 25% of the memory bandwidth requirementarage.
The 2-way associate scheme is adjusted to matciM's
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pictures. The rule is obeyed strictly during thevelepment
that the cache design must guarantee not to affeet
performance in the worst case. Pixel Interpolatioit adopts
fully separate 1-D filter building blocks to build block-level
pipeline and reduce the redundant calculations dwtw
neighboring blocks. Our strategy is to avoid theredesign
and meet the real-time requirement with minimunt.cos

The remainder of the paper is organized as foll@ke MC
algorithm applied by three standards is describeSeiction 2.
Section 3 describes the details of the implemeateHtitecture

the traditional forward, backward, and bi-directimodes, the
dual-prime mode in MPEG-2, the symmetric mode ofSAV
and new direct mode must be supported. Fortunateyfpund
that most of these modes have the same datapgibcialy
for the new modes common in AVS and H.264. Thuscae
combine them into a single processing unit.

B. Reference Fetch

Reference pixels of one block must be fetched fitbm
external memory based on the block size and piediatodes.

of the MC subsystem. Simulation results and hardwanly 16x8 and 16x16 size can be supported in MPE&VS

implementation will be shown in Section 4. Finallye will
draw a conclusion in Section 5.

Il. MC ALGORITHM

The basic algorithm of MC decoding in the threendtads
is similar, but some features are improved in H.264 AVS.
In this section all functional blocks of the MC atghm will
be explained.

A. MV Prediction

can handle additional 8x16 and 8x8 size. For H.26&,8x8
sub-block can be further partitioned to 8x4, 4xB¢d ax4.
Compared with the average operation in MPEG-2, #.26d
AVS need the longer tap filtering process. Tablgivies the
total reference pixels required for the filteringr fthe three
standards in the worst case. The variable bloak-gith rich
prediction modes makes memory bandwidth requiremeicth
larger than before. So we should take some mettworkduce
the memory access and save the energy consumption.

The MVs of an inter-coded macroblock (MB) are getex

through the vector difference (MVD) plus the préeitvector

(MVP). In MPEG-2, the simple DPCM-like method isedsfor

MV reconstruction. For H.264, the MV in each blotk

TABLE |
TOTAL PIEXLS FOR THE WORST CASE
Standard BIkSize ReqSize Num | TotPiexls
MPEG-2 8x16 9x17 4 612
H.264 4x4 9x9 16 1296
AVS 8x8 12x12 8 1152

generally medium predicted by left, top, and taphti
neighboring blocks. An example of MV predictionHn264 is
given in left side of Fig. 1. ThenvA is selected as the
prediction result.MI\VPz=mvA
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Fig. 1. MV prediction diagram

Edge median in AVS

AVS employs a similar but more complex selectoreTh

edge with the median length is selected from thetore
triangle. Three scaled MVs make up of the triangtech is
shown in right side of Fig. 1. The predictokéyA, MVB, and
MVC, which are derived from the neighboring block A,aBd
C, are scaled first based on the distance reldtipnsf
reference pictures. The scaling method is simiathe direct
MV calculation. Then the spatial distances betwmenscaled

MVs are calculated. The median value of three apati

distances can be obtained and be denoted witheth¢hicker
line in Fig. 1. Finally, the MVP is equal to theated value
from the corresponding vertex. So & A is the resulin Fig.
1. MVP:=MVA)

In addition, the MV prediction also depends on B

"MaxMvsPer2Mb = 16 for H.264 MP@LA40 [2]

It can be found easily that many neighboring MBgehthe
tendency of similar motion directions for a typicaldeo
sequence. Fig. 2 gives an example about the motioelation
which is captured from the Foreman video sequef@€, (
picture index 3). Green grid denotes the blockipant and
yellow arrows for the motion vectors.

Fig. 2. Motion correlation in fo

reman stream

Motion correlation for neighboring MBs can be obselin
many areas and these MBs move in similar directiththe
current MB accesses a certain chunk of memory,
neighboring MB is likely to access that locationanet.
Therefore the reference pixels reuse in the MBHé&vevorth
considering. Because MC features such as multigfierence
pictures impact the cache performance, some newadstare
introduced into our design as described in theesttimn 3.B.

C. Pixel Interpolation
The precision of reference pixels is improved frbaif to

coding modes. Both H.264 and AVS support the riclyarter for the luminance component in H.264 andSAXVS

combinations of MB types and sub-block modes. Exdep

adopts 4-tap filter to generate the half pixelsilevB-tap filter



is used for H.264. For quarter pixel predictions264 uses a
simpler bilinear method. For AVS more complex ofiers

are employed to calculate the quarter pixels. Biglustrates
the flow of quarter interpolation in the two stardla The
positions with uppercase letter are integer pireld others for
fractional pixels.

modes. To solve this problem, all required halfefgxare
generated at one time according to the exact bkizk& as
shown in the right side of Fig. 4. We proposed & separable
1D structure to perform variable block size intdgtion
directly which is described in the subsection 3.C.

IIl. IMPLEMENTED ARCHITECTURE

(ii] S' f f(;) l From the algorithm analysis above, it is observeat the
?264 [] MBOS[km [ MV Predictor, the Cache-based Fetch and the Pixel
: niplqir Interpolation are separable because there is rdb&sk loop
M/_i\ ] among them. Therefore, a task-level interleavingest, i.e.
[i] W(lf 1:*@\_1)@ MB pipelining, is incorporated into our design tocalerate
b) AVS BREe: ?M the processing speed. So a three-stage MB pipegliisn
nip|q|T] roposed as shown in Fig. 5.
M ] [ brop J
Fig. 3. 1/4 pixel interpolation diagram
imteger
The quarter pixels are divided to three types inSAVFor MV Predictor EMYY  Reference pixels)  Pixel
horizontal or vertical quarter pixels includingcdri, an Pixel Fecch [ MC Cache frterpolation
additional 4-tap filter is applied. For diagonalager pixels ﬁ R
such as egpr, the simple bilinear method is used. The v

residual positions for ikfq' need the most complicated
calculation. AVS standard specifies that tljevalue at the
center position must be obtained first which resuit the
strong data dependency and increases the number
calculation steps. But we found that there existtamdard-
compliant algorithm which can solve this problenecBuse
only the temporary results before the clip operatiare
involved, it is feasible to use the values of tlaf positions
directly instead of the center position. Thus a metap filter
is deduced to fulfill the calculation task.

Because the hardware is not good at implementiegutar
algorithm, the older works in literatures all adte fixed-size
structure for fractional interpolation. But this tined will
result in many redundant calculations. Fig. 4 gigesxample
to illustrate the behavior.
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Fig. 4. Redundant calculation for interpolation

There is a 4x8 sub-block with the center pixel
interpolation in Fig. 4. The sub-block must be tsjplio 2 4x4
blocks due to the fixed 4x4 interpolation windovitsky, 36
half pixels (9 row x 4 column) are generated in-Blkhen 16
center pixels are calculated respectively. Next Big-Il,
another 36 half pixels are calculated. It is obedrthat the
neighboring 20 half pixels are used twice which demoted
with gray background in Fig. 4. The similar redunida
operations can be found in other block size andliptien

xternal Memo

Fig. 5. MC top level block diagram

MV Predictor unit reads the control information rfrathe
cBhtrol MCU and the MVD data from the VLD (Variable
Length Decoder). The final MVs are calculated agit $0 the
Fetch unit. The Reference Pixel Fetch unit uses ithdtion
information to generate the memory addresses. Hobhe€unit
receives these memory requests and checks itsuffey to tell
whether it matches these addresses. If cache o@ss the
real memory requests will be sent out to the Extekbemory
to obtain the missed data. The cache maintainsadl smrror
of integer reference pixels which are recently uddtls the
Cache unit and the External Memory make up a twetle
memory hierarchy which can reduce the average memor
bandwidth. At the last stage, the Pixel Interpolatunit gets
its required original pixels from the Cache unitiaralculates
the values of the fractional pixels.

There are two memory interfaces: one for the refsre
motion information used by the direct mode in ifpature;
the other for the integer pixel samples. In théniecture, 64-
bit SDRAM is adopted during the design process.

A. MV Predictor Unit

MV Predictor unit is the first stage for the wholéC
subsystem that generates all motion data includidMs and
reference picture indices. Fig. 6 shows the implaet:
architecture of the MV Predictor. The solid lineslicate the
data flow, and the dash lines with arrows for colntnessages.
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Fig. 6. MV Predictor block diagram

Main Controller unit firstly parses the commandstdzy the
control MCU containing the MB information such ab rtype,
the available flag for neighboring MBs etc. Thea tontroller
invokes the corresponding sub module to proceedrdit to

consists of the Main Controller, Data Requestingcle
Controller, and some necessary data buffers.

contro; ;
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Fig. 7. Reference fetch block diagram

Fetch Controller unit receives MVs and generates th
corresponding memory requests to the Cache urthelCache
Controller doesn't find the required address intitg buffer,
the real memory request will be sent out. Othernddedata

needed have been ready in Cache RAM and the redunda

memory access can be avoided. In order to incrémseache

the current MB mode. The complicated MV predictioit-rate, we take some methods to optimize our eatgsign.

algorithms mentioned above are handled througl¢akcated
finite state machine in the Main Controller.
For the H.264 and AVS standards, the Spatial amdpbeal

The memory request for MC is the two dimensionalckl
access and tile-based mapping scheme [9] can mnziaithie
number of row-activations in SDRAM chips. It is seaable

Prediction units perform the spatial and temporaV M that the cache is organized using the same 2D-mgppethod

predictive operations respectively. Output Conénothanages
the final motion data to output to the downstreaocdute and
updates the Line Buffer whose data is used in tbegia
prediction. A special MV FIFO is designed to sttire motion
data from or to the external memory. In P-pictueeatling,
the MV FIFO works as a cache. Motion data are amitinto
the MV FIFO one MB by MB. When the MV FIFO is héifl,
a burst-write request will be sent out and thesa dall be
written to the External Memory successively. In iBtpre
decoding, the MV FIFO pre-fetches the motion datenfthe

as the reference pictures in the SDRAM. The sizeawhe
block is equal to the bit-width of internal datasbthat is, 8
bytes. Multiple reference pictures prediction affethe cache
hit-rate also. These MBs tends to have the oveilgpmVs,
but their reference indexes are different. The eddbcks will
be replaced frequently if the simple direct mappeethod is
used which decreases the cache performance. Sy eta
associative method is adopted to alleviate the anpz
multiple reference pictures. Fig. 8 gives an exanfpt cache
organization. A 2-KB cache is 2-way set-associatamd

SDRAM. The MV FIFO can avoid fragmented memongrranged to a 2x2 virtual macroblock array. A \aftiMB
accessing request and improve the memory bandwidgRnsists of 16x2 entries. Each address is mappéddache
utilization. blocks.

For the MPEG-2, the MVs are generated in the MV

Calculation unit according to the motion type ainel MB type. L TTLILE
The Line Buffer is not used for MPEG-2 decodingt e use Tolo | -
this buffer with a few hardware cost to provideirame error —— t f

. . . I>Oﬁ\ T LEEEER
concealment scheme. The final motion data for éaBhwill R N N B
be stored into the Line Buffer. The firmware caaddack all ~ 2KB size, 22 | virtual MB. 2-way sel,

motion data in the Line Buffer through the Regidtgerface
when the error occurs. Then the firmware can useeserror
concealment algorithms to select or re-calculageNtvs and

send them back to the Command FIFO. These spedid M

will directly be output as the final MVs to the dostream
stage. The additional function improves the siliedficiency.
The error concealment scheme can work for the otier
standards too.

B. Cache-based Fetch Unit

macroblock array
Fig. 8. An example for cache organization

16x2 item array 8 bytes per item

The logic address is split into two portions: cauoidex and
offset. Cache offset gives the cache block addaessindex
stores the rest part of logic address. Cache Césrtrchecks
the cache index, tag valid bit, and reference péctadex to
determine whether the required block is presematr Fig. 9
shows how the logic address is divided and the comapts of
cache content are represented. For the cache eepdat

Cache-based Fetch unit is the middle stage of ti@ yecheme, round robin selection is employed to replae block

pipeline. It receives the MVs and control signatf the MV
Predictor, and generates and sends the addresermmn
controller for fetching the reference pixels. Theclwe-based
architecture is designed and illustrated in Fig. which

that was referenced the earliest. Round robin seedao
implement since an entry is updated only on a maiser than
on every hit. Replacing a block means updating dhehe
index, reference index and valid bit, and moving tbund



robin token bit.

Logic address
tag_valid | ref_idx cache index cache offset
Cache content

Fig. 9. Address partition and Cache content

In order to obtain the cache performance in differe
schemes, we developed a C-code model of the MCditego
to derive the statistics which is based on the A¥f&rence
model rm52j-r1 [10] and H.264 reference software©B11].
Due to the limited space of this paper, only thsultefor
bandwidth saving rate in AVS is given in Table Tiwelve
streams are checked using 7 kinds of cache schebaehe
size is set to 1KB, 2KB, and 4KB. N-way denotesc¢hehe is
N-way set associate. 12 test bitstreams are gewnkrsing
rm52j-rl, which come from 4 video sequences. They a
coded using QP 30, 35, and 40. The coding strustare
IPBB and two B pictures are inserted. 720p sequerce
frame coding with maximum 2 reference frames ate st for
field coding with maximum 4 reference fields.

From Table Il, it can be seen that the saving dem® in
average by 7% for progressive sequences and by 2%
interlaced ones compared with the infinite-sizedhea (the
most saving). Field coding must support more refese
pictures. Too many blocks with different referenuieture
indexes are mapped to the same set. Increasiriguleof set
associative can reduce the conflict, but high-lessit
associative is expensive in hardware. Cache sizndher
important issue when making the
performance and cost. The huge cache should beledo
save the on-chip memory size. Based on the statistia in
Table Il, we select the 2KB cache with 2-way sefoative
as our final cache scheme. The scheme with feas#ulke size
only need to check two cache items in parallel,ciwhg easy
for hardware design. In addition, its performanseclose to
the best one.

For H.264, the similar results for saving can bsesbed.
But the saving decreases about 10% more in avdragguse
more reference pictures and smaller block sizé$.264 drop

tradeoff betweel?

down the cache performance.

C. Pixel Interpolation Unit

Pixel Interpolation unit takes up the major comgiotal
task of fractional sample interpolation. The intédgbed results
are the final output data of the MC process. Tlohitecture is
given in Fig. 9 and its main components include the
Interpolation (Int for short) Controller, Data Feed Filter
Engine, Output Controller, and some data buffers.

CMD RAM Int Controller | ~~~~~~~~~~ >|

T Ly

ilter Enc0] I—-|Fi|ter Eng’|
A4

| Dat_Feeder- |

Output |f;
Control [

jona
xels

MIP§

{
| Dat_Feeder0 }-rF
)

Dat RAV

Fw Dat
RAN

e

Fig. 10. Fractional interpolation block diagram

The Int Controller reads the integer pixels from thache
RAM and stores them to the input Data RAM. The MBél
motion information is written the Command RAM aren is
parsed to instruct the flow of whole interpolatiprocess. In
addition, there are two Data Feeders and two Fitegines
(Eng for short). The reason has been given in stiose2.C
and the scheme with two filtering stages is adojptedvoid
the repeated calculations. A Middle (Mid for shaRAM is
necessary to buffer the middle results from thst fgtage.
Besides, the Int Controller can perform easilydperation for
w-column transposing through the Mid RAM. In arde
support the bi-directional prediction, an additibf@rward
Data RAM is inserted to record the results of faxva
prediction. After the calculation of backward ptin, the
forward results are read out. Then the averageesalf
forward and backward data can be calculated. Inveorel, a
novel block-level pipeline is built for pixel intgolation in our
design. The special block-level pipeline is expdairfurther in
Fig. 11.

TABLE Il
CACHE PERFORMANCE FOR AVS
P Infinite 1KB 2KB 4KB

Q Size 2-way 2-way 4-way 8-way 2-way 4-way 8-way
harbour 30 49.87% 40.54% 42.37% 42.36% 42.36% 42.39% 42.409%42.36%
(720p) 35 49.97% 41.19% 42.68% 42.67% 42.68% 42.71% 42.71942.68%
40 51.83% 43.66% 45.18% 45.17% 45.17% 45.20% 45.209%445.17%
crew 30 52.11% 42.63% 45.21% 45.24% 45.24% 45.29% 45.209%45.25%
(720p) 35 50.38% 41.93% 44.36% 44.40% 44.40% 44.42% 44.43944.40%
P 40 46.06% 38.44% 40.59% 40.62% 40.62% 40.66% 40.65%#10.63%
flamingo 30 56.18% 33.98% 34.66% 34.95% 34.96% 34.74% 34.98%34.97%
(1080i) 35 55.77% 33.45% 34.20% 34.47% 34.49% 34.28% 34.50%34.50%
40 54.89% 32.50% 33.33% 33.59% 33.61% 33.42% 33.6R%33.62%
kayak 30 51.39% 28.98% 29.75% 30.40% 30.42% 30.38% 30.4/¥30.50%
(1080i) 35 52.82% 30.73% 31.78% 32.54% 32.57% 32.51% 32.64%32.69%
40 53.57% 31.31% 32.59% 33.38% 33.42% 33.31% 33.51%83.57%
Average - 52.07% | 36.61% 38.06% 38.32% 38.33% 38.28% 38.37% 38.36%
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Fig. 11. An example for block-level pipeline

Fig. 11 shows an example where the block partisd3x16.
The mode of left block is forward prediction anediiectional
prediction for right block. The integer pixels fotwo blocks
are loaded into the input Data RAM firstly. “Y_Fw&l S0”
denotes the first stage calculation for luma conembnof
forward prediction in block 0. Because the blockesiof
chroma is quarter of luma’s, the calculation timedifferent.
The operations of all chroma components are comaggegto
reduce the pipeline gaps.

CyclePerMB = (TotMVPerMB + 1) x CyclePerLumaBlk +
TotMVPreMB x CyclePerChromaBlk
>

CyclePerLumaBlk = (2xCyclePerMB) / (3xTotMVPerMB+2)
>

CyclePerLumaBlkinH264 = CyclePerMB / 25 =25
CyclePerLumaBIkinAVS = CyclePerMB / 13 = 47
(TotMVPerMBinH264 = 16, TotMVPerMBIinAVS = 8)

Therefore it is enough to adopt a 1D filter whicanc
generate 4 filtered results each cycle even corisgiehe
pipeline filling cycles. The 1-D systolic schemesisown in
Fig. 12. 4 6-tap filters make up a filter group wican
generate 4 filtered results at the same time. énRitter EngO0
each cycle 4 pixels are sent into the filter groampd 4
temporary results are obtained. These resultseofitst stage
are stored to 4 banks of the Mid Data RAM. TheéFiEEngl
adopts the similar structures with different filtparameter
setting. If necessary, the transposing operation te

From the analysis above, we can deduce the perfmena performed through special RAM accessing during this

requirement for the pipeline which will instruct ts design
the suitable filter circuit. CyclePerLumaBIk is tlogcle per

procedure. The final average calculation logia&erted to the
end of Filter Engl. For the chroma block, the assdture can

luma block and CyclePerChromaBlk for chroma blockbe reused. The 1/8 precision filtering is dividechorizontal

Because the amount of chroma components is halfwd, we
assumed that the required cycle of chroma is ad#foofi luma.

and vertical calculations too. Besides, the Cb &od
components can be combined as one chroma blockband

TotMVPerMB is the total number of MV per MB and calculated simultaneously.

CyclePerMB is equal to the allowed cycles per MBichhs
specified by the HDTV real-time decoding. The faling
equations give the calculation procedure for H.26d AVS.

Suppose that the working frequency is 148.5 MHz and

CyclePerMB is about 610 cycles. Thus we can obtha
maximum cycles in our architecture to meet the irequent of
HDTV real-time decoding. For H.264 in the worst eathe
interpolation of one 4x4 block must finish in 25ct®s. For
AVS, the value of one 8x8 block is 47.

K A A

Fig. 12. FIR group for interpolation

Optimizing the filter circuit is another importaigsue to
reduce the critical path and improve the systeroutdinput.
The proposed design uses only two filter enginesufiport all

TABLE Il
PARAMETER SETTING FOR ALL CASES
Stage | Pixel Position Para0 Paral Para2 Para3 Para4 Para
H.264 half position 1 -5 20 20 -5 1
<<2+1 (<<2+1)<<2 (<<2+1)<<2 <<2+1
AVS half position -1 5 5 -1 0 0
Filter <<2+1 <<2+1
Eng0 [ MPEG-2 1 1 0 0 0 0
horizontal direction
Chroma 8-dx dx (0~7) 8-dx (0~8) dx (0~7) 0 0
horizontal direction (0~8)
H.264 center position 1 -5 20 20 -5 1
<<2+1 (<<2+1)<<2 (<<2+1)<<2 <<2+1
AVS simple 1 7 7 1 0 0
Filter guarter position <<2+<<1+1 | <<2+<<1+1
Engl AVS complg>_( -1 -2 96 42 -7 0
quarter position <<1 (<<2+<<1)<<4| <<b+<<3+<<] | <<2+<<1+1
MPEG-2 vertical direction 1 1 0 0 0 0
Chroma vertical direction| 8-dy dy (0~7) 8-dy (0~8) dy (0~7) 0 0
(0~-8)




cases of the three standards. Table Il gives ataqmeter work is more complex than others due to the neesupport
combinations for all cases including luma and chaomthree standards which results in more silicon costs
components. 4 cases are involved for Filter Engd mwases Furthermore, the proposed design can guaranteee#ii¢ime

for Filter Engl. Though these cases make the fittgic more decoding even in the worst case.

complex, the related calculations can still be qenkd
through the simple shifting and adding operatiorasble I
also provides the related information about howcombine
these calculations to a filter engine. The logicsige is
intricate but not hard to implementation.

V. CONCLUSION

In this paper, we presented an efficient VLSI aegdture
for MC of MPEG-2, H.264, and AVS. Firstly we anatythe
algorithms of MC to obtain the proper parallelismormation
based on the new features. The similar decoding fr the

IV." IMPLEMENTATION RESULTS three standards is exploited to build a uniformtfptan. The

We have described the design mentioned above iiloger redundant memory accesses and repeated calculdfions
HDL at RTL level. In order to verify fully our hawhre design, fractional pixels are observed and studied.
we developed a C-code model of MC subsystem based o Secondly, a MB-level pipeline is proposed. The nidéa is
AVS verification model rm52j-r1 [10], H.264 refemm to use the three-stage operations to simplify thedwware
software JM9.8 [11], and MPEG-2 reference mode2&]12]. design and the pipelined structure to improve trecgssing
The C-model can run in batch mode and generatelaiom performance. The proposed VLS| architecture for MC
vectors. By testing with 32 HD (including 720p ah@80i) contains a three-stage pipeline which consists ¢fRedictor,
bitstreams coded by the three standards, SynopsyS VCache-based Fetch, and Pixel Interpolation unit. Régdictor
simulation results show that our Verilog code iactionally unit can deal with all mode combinations includsmatial and
identical with the MC functional model. temporal prediction. The similar predictive algbnits of

The validated Verilog code is synthesized usingBguh different standards are merged to a shared mochdetlze
CMOS cells library by the Synopsys Design CompilEhe common calculation parts are extracted out. Besiddsasic
circuit totally costs about 56K logic gates exchasihe SRAM error concealment scheme can be supported thraeigging
when the working frequency is set to 148.5MHz. Thehe Line Buffer. Cache-based Fetch unit can effebtireduce
implemented architecture costs at most 600 cydgsetform the memory bandwidth. The proposed cache is designe
the MC operations for each MB, which is sufficieatrealize carefully to support the multiple reference pictupeedictions.
the real-time MC process for HDTV bitstreams. Theteg Pixel Interpolation unit adopts the flexible dageder unit to
count of each functional block is listed in Tablé The total support variable block partition. The fully separdtD filter
area for all SRAMs is about 0.8 fim design can reduce redundant calculations and prothe

TABLE IV suitable processing speed. Both two features cae Hae
GATE COUNT PROFILE power Consumption_

E/Ili;]girzgaclztglrmk Gate ;%L:?t Finally, we give our simulation results and syntsesports.
| . . . . .

Cache-based Reference Eetch oK Our design is verified with the st_andard video muenges
Pixel Interpolation 31K for the three standards. The architecture was egizéd using
Total 56K 0.18um CMOS cell library. The synthesized results shbat t

our design can support the real-time MC decodingdbiTV
The comparison between this work and previous M&080i videos. The proposed design can easily engubihdo a
architectures is presented in Table V. The 6-tiprfin this multimedia CODEC SoC.

TABLE V
PERFORMANCE COMPARISON OF MC ARCHITECTURE
Wang '05 [6] Wang '05 [7] Zhou 07 [5] Proposed
Standard H.264 H.264 H.264, AVS MPEG-2, H.264,
AVS

MV Predictor Spatial N/A N/A Spatial + Temporal
Filter Architecture Separate 1-D 2-D 2-D Fully Segia 1-D
Filter Component | 6-tap x 9 (horizontal)| 6-tap x 8 6-tap x 13 6-tap x 4 (stage | )

6-tap x 4 (vertical) 4-tap x 2 6-tap x 4 (stage Il)
Basic processing 4x4 4x4 4x4 16x16 to 4x4
unit (7 sizes)
Interpolator gate 20,686 4292 cells 16,500 21,569
count (about 17,168)
Interpolation 560 cycles/MB 492 cycles/MB N/A 600 cycles/MB
execution time (worst case) (worst case)
Working frequency | 100 MHz 143.5 MHz 142.2 MHz 148161z
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