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Abstract -- Flexible and scalable motion estimation processor f
the h.264 advanced video coding standard handtiegtocessing
requirements for high-definition video and suitalite FPGA
implementation. The new motion estimation algoritbfrkalman
filter used to reduce the computational complexityhe eight
custom instruction sets are used in the motionmadion. All
processor instances are remaining binary compatibe
recompilation process is not required. The moticting&tion
algorithm to the hardware architecture leading teeey efficient
implementation.
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l. Introduction

Motion estimation process is performed in the
video. The videos in the form of continuous picténame.
The every picture frame is related to each othey thave
only the small difference between them. In the deame is
divided in to the sub macro blocks and the sumbsbhute
difference is to be calculated between the sub onblocks
using the motion vector.

The inter frame and intra frame prediction is & b
done in the sub macro blocks. The motion estimation
process is done at using the block matching algmstin
previous work. In proposed the new motion estinmatio
algorithm of kalman filter in the architecture hahe
different types of instruction set are used. Trgoathm is
run in the instruction set. The SAD operation isfaened
in parallel. The proposed work uses the six intege
processing unit, two half pixel processing unit aoike
quarter pixel processing unit. Convert the sequeriaach
8*8 sub partition of a macro block into parallebpessing
without sacrifices the
video quality. Motion vectors are medium predictsdthe
left, top and top right is replaced by the mediufmtle
motion vectors of the top left, top right and toparo block
for all kinds of sub block. 2D systolic array paehladder
tree to generate the SAD of larger block sizes.r&lilae
overlapped search area of adjacent macro blocksezhate
the memory transfer from external RAM. The conocsps
briefly introduced in Yu- Wen Huang, Tu-ChihWangng-
Yu Hsieh, and Liang-Gee Chen [6]

S. CHITRA,

Assistant Professor (ECE), Srinivasan EngineerioliegGe’.
Perambaltj Tamilnadu.

chitra_12341@yahoo.com

Ching-Yeh Chen, Shao-Yi Chien, Yu-Wen Huang,
Tung-Chien Chen, Tu-Chih Wang, and Liang-Gee CHen[3
Two hardware architecture to support traditionedd block
size motion estimation and variable block size omoti
estimation. Broadcasting reference pixel rows pgagtiag
partition SAD. The SAD tree is a 2D intra levellsitecture
and consists of a 2D processing element array ard2®
adder tree with propagation register.

C-Y.kao and L. Youn-Long [8] the architecture had
a total of 256 process element. The pipelined techire
delivered a throughput level. It completes a matghi
Comparator will relate the main SADs and the bestion
vectors and their output results. Data reuse thechaanges
of 2 consecutive current macroblocks overlap witlithe
other.

T. Dias, S. Momcilovic, N. Roma, and L. Sousa [5]
Proposes an application-specific instruction seicessor
(ASIP) to implement data-adaptive motion estimation
algorithms that is characterized by a specializathpghth
and a minimum and optimized instruction set. IShésed
on register-register architecture and provides antgduced
number of different operations (eight) that focasttee most
widely executed instructions in ME algorithms. Tregister
file consists of 24 GPRs and eight special purpegésters
capable of storing one 16 bits word each.

Il. Liquid Motion Instruction Set

Architecture (ISA)

The instruction set express the inherent
parallelism available in the motion estimation aitjon in a
simple way to minimize the overheads for instructfetch
and decode and to keep the execution units of dne as
busy as possible. The number of execution unitgadla in
the proposed processor vary depending on the
implementation, so it is important that binary catilpility
between different hardware implementations is adtde
meaning a program only needs to be compiled ondeeto
executable on any configuration.

The instruction set architecture consists of al tota
of nine different instructions. The first two aritletic
instructions for integer and fractional patternrskas, a

Viji.M, S. Chitra

649

International Journal Of Engineering Research and Technology(1JERT), ICSEM-2013 Conference Proceedings



total of six control instructions that change thegram
flow and one mode instruction that sets the partitnode.

The arithmetic instructions express the parallelism
with two fields that identify the number of poiritsbe used
by the pattern and the position in the point memoehgre
the offsets for that pattern are defined. The @bninit can
then execute the instruction with a parallelismelethat
ranges from issuing each of these points to a rdiffie
execution unit in a fully parallel hardware configtion,
partition mode and reference frame of the core and
configures the internal control logic to operat¢hwdifferent
address boundaries and data sources.
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A. Programming Model

The processor offers a simple programming model
so that a motion estimation algorithm programmen ca
access the functionality of the hardware withoutaiied
knowledge of the microarchitecture. The algorithesigner
use these constructs to create the arbitrary bhoatching
algorithm ranging from classical full search to adeed
algorithm.

B. Kalmanfilter
In the proposed work uses the kalman filter. It
predict the motion vector of the current frame gsthe
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using the motion vector of the previous frame. Tifter
predicts the value and computing weighted averagehie
predicted value. The weights are calculated frore th
covariance, a measure of the estimated uncertaihtye
prediction. This process is repeated. The method ati
producing values closer to the truth value of measents
and their associated values calculated by usingntisy
observed values.

The algorithm had the two phases predict phase
and the update phase. The algorithm needs thalimiput
matrix of the system to correctly predict the sgstaext
state. So we have to use the UMH algorithm todfi#e it.
The first frame is inter coded and the second haird frame
is predicted using the UMH algorithm. The prediotialue
is stored in the P-frame. The algorithm take thgainvalue
from the P-frame and it predict the values caleddty the
kalman filter start from the fourth frame.

The basic equations of the kalman filter are,
%= Ak* X + B ™ U + W (1)
Z = He ™ X+ W (2)

The motion vectors for each macroblock in the
frame are stored in a matrix. By using the motientor we
easily calculate the affine transform for each klothe
affine transform is a 3*3 matrix. )fepresent the parameter
to affine transform, as with each frame is goingtedicted
and updated.

Prediction for state vector and covariance:
Xtk1= Ak* Xieaeer + By * Uy (3)
Ra1= Ac* Picaer + A * Qi 4)

Compute kalman gain factor:

K= Peer * Hi *inV (Hic* Pregies * Hi' + RO
)

Correction based on observation or update phase:
Xk = Xierer T Kic * (Zi- Hie* Xiepied) (6)
Pak = Bk - Kie * Hi* Pyt (7)

Z, = calculated affinGransform

U, = input control is zero

A\ = state transition matrix
By = input matrix is zero
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P, = covariance of the state vector estimate

Q = process noise covariance is same factor oftifglen
matrix.

R = measurement noise covariance is same facidenfify
matrix.

Hy = observation matrix is identity matrix.

C. Early Termination

Early termination is a very important feature used
to speedup execution in fast motion estimation rélgms.
If the pattern fails to improve the SAD of the pms
iteration, the algorithm terminates the currentrgedoop.
To implement this technique, each completing ctpatkern
instruction sets a best_eu register indicating tvrgearch
point has improved upon the current cost. Thisstegiis set
to zero before each instruction starts, so theevaliithe
best_eu register at the end of execution indic#tebe
instruction has improved the cost value (best_elonger
zero) and if so which search point has achieved thi
improvement. The conditional jump instruction checthis
register and changes the execution flow as requifée
same hardware can be used to support a technicanotd
searching duplicate points by coding optimized sit@pns
in memory.

[l. System Architecture

A. Fractional pixel execution unit

Motion estimation process can be divided into two
steps. The integer pixel motion estimation and tioaeal
pixel motion estimation. The search range of fawi pel
motion estimation in h.264 reference softwarexedito +3
for quarter pel accuracy case.

Full fractional search it require 49 points.
Hierarchical fractional search reference softwaré/apel
accuracy needs to check 17 search points. Theidnatt
pipeline is as fast as the integer pipeline, réagithe same
number of cycles to compute each search position.

B. Interpolation execution unit

The engine supports both half and quarter-pel
motion estimation. The interpolation hardware i<leg
three times to first calculate the horizontal pighen the
vertical pixels, and finally the diagonal pixels.
The IEU calculates these half-pels using a sixfilbgr as
defined in the H.264 standard. The IEU has a wtaight
systolicl-D interpolation processors, each with six
processing elements.
Which can broken into two steps,

In case of ¥ pixel, 6 tap FIR filter is to be used
along with the weight (1/32, -5/32, 5/8, 5/8, -5/3232). 1
to ¥ pixels tap indicates the number of pixelsafpmeans 6
pixel in vertical or horizontal direction.
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Y. pixel interpolations is to be made using ¥z pixel
and original pixel that are calculated in steplinbr
interpolation is used for ¥ pixel basically usingixel.

C. Integer execution unit

Integer pel motion estimation takes most of the
computational cost of the whole motion estimati&ach
functional unit is pipelined at 64 bit word. Allghaccess to
reference and macro block memory is done throughit4
wide data buses and the SAD engine also operat®$ it
data in parallel. The memory is organized in 64vimirds
and typically access is unaligned.
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Fig 2.Architecture with single execution unit.

V. Conclusion

The presented processors are the support of
arbitrary fast motion estimation algorithms, int@ipn of
fractional and integer-pel support, the availapildf a
software toolset to ease the development of newiomot
estimation algorithms and processors. The conflgara
architecture with the more number of execution suriithe
architecture have 4 integer pel execution unit &tfonal
pel execution unit and 1 interpolation executiorit.ufihe
integer is always pipelined. The partitions arecclted
sequentially but SAD cannot reuse. The large search
ranges linear increase in hardware resources and
consequently increase in power consumption.
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