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ABSTRACT

This paper anal sized obtained M C fast searching algorithm and proposed
amodified block matching M C fast al gorithm. Thismethod carried out the
search in the combination of Square Search method and current Hexagon-
based Search method, considering completely various video sequence
chrematistics, and proved that the search pointsfor theimproved algorithm
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reduced in some extent by Simulation experiment, which provided theoretic
basis for improving the compensation function effectively.
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INTRODUCTION

MultimediaTechnol ogy isacomputer-used tech-
nology by which multiplied mediainformationispro-
cessed integrated, which included text, figureand im-
age, animation, audio frequency and video etc. how-
ever, themediadataamount becomeslarger after digi-
tization, so how to store, convey and processthesedigits
becomeabasicaly problem which must be solved for
the MultimediaTechnol ogy devel oping. Asfor solving
the problem, itisnot economical and realisticto just
employ somehardware conditionssuch asenlargingthe
storage capacity, adding transmission rate, improving
processing speed and so on, therefore, thetechnol ogy
of increasing datasize becomesamainfocus. “Along
with it comethe multimediadatacompress ontechnol-
ogy, whichisaeffective meansfor solving problem of
largedataamount. Digital technology isapplied widdly
incomputer field, sotelevision, broadcast, video, and
communication technology aretransformed fromtradi-

tiond congant signalsand theway of mimeticsgnasto
discrete sgna and theway of digitization. Among the
variousmedia, the Transmisson and storagedraw much
attention. Video dataisakind of no formatted streamed
data, whichisdongwith video datatransmisson. Video
data hasthe characteristic of great capacity, whichis
tens of thousands of times as great asthe capacity of
text data, also morethan four but lessthan eight times
asgreat asthat of video data. To deal withthe applica-
tion of some problemsin different occasions, such as
datavideo broadcast(DVB), datavideo disc(DVD),
digital Video Camera, Tde-teaching, on-line broadcast-
ing and video meeting, 1SO (Internationa Organization
for Standardi zation) and somegreat internationa com-
paniesformul ated different kinds of video coding stan-
dards. MPEG-4 is one of theimportant and bowlful
standards on multimediadata contraction coding. By
studying coding and compressive principle, it can be
seen that the key of the compressiveobjectisMotion
Compensation algorithm whose advantagesand dis-
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advantagesinfluencethe compression quality of multi-
mediadadadirectly.

Many peoplemade effortsfor theresearch onmul-
timediacompress on technol ogy, whoseresult hasbeen
well-applied, and provided greet theoretical basis. this
paper and sized obtained M C fast searching algorithm
and proposed amodified block matching MC fast a -
gorithm. Thismethod carried out thesearchinthecom-
bination of Square Search method and current Hexa
gon-based Search method, considering completdy vari-
ousVideo sequence chrematistics, and proved that the
search pointsfor theimproved algorithm reducedin
someextent by Simulation experiment, which provided
theoretic basisfor improving the compensation func-
tioneffectively.

MC FUNDAMENTAL PRINCIPLEAND
BLOCK MATCHINGALGORITHM

M C fundamental principle

Inmost cases, just few partsof movingimagesare
inmoving state, thereislittledifferencein content be-
tween two adjacent frameimagesin the same scene,
that is, many contentsof neighboring framesarerepeti-
tive. it canexplaintha framesin neighboringimagesare
relevant. SomeaopinionsinInformation Theory by Claude
Elwood Shannon aso can explain that there existsdata
redundancy inmovingimages, actualy timeredundancy,
whichexistslargdyinvideoimages.

If interface predictive coding can clearly remove
redundancy intimedomain, thecompensationratio can
berai sed during compensating. if the Pixel vaueinthe
sameformer framespacesiteisused aspredictivevaue
of current frame, thisprediction towardsthe stationary
backgroundinimageiseffective., but asfor the motor-
ing part, thissmpleinter-frameprediction

Without considering object motionisnot good. If
themethod exists

Whenthepixel vaueof current frameispredicted,
whichismoved fromthe pogtion of former frame. Sup-
posethat the pixel valueisused aspredictiveone, the
accuracy of the predictionwill beimproved greetly, the
method of whichisM otion Compensation technol ogy.
Motion Compensationisthekey technol ogy to reduce
time redundancy, which can ensurewhich position of
former framethe pixel of current frame comesfrom,

and can obtain their own motion vector of relativedis-
placement. afar obtaining thevector, itsdifferencevadue
block can beworked out by motion compensation. As
thetivepixel gray vauein difference block become
smaller, even zero, M otion Compensation has higher
accuracy. Meanwhile, thedifferenceblock isthrough
DCT transformeati on, quantization and entropy coding,
afterwards, bitsfiguresof the compensation codestream
becomefewer, thus, the aim of compensatingimage
dataisachieved, and its compensating spaceisgreat
relaively.

M C based on block matching

MC, asthekey of inter-frame motion compensa-
tion technol ogy, drew much attention. Asto theresearch
for thistechnol ogy, different kindsof research plan arised,
mainly including Optica flow equation method, Baye-
sian estimation method, pixel recursive method and
block matching method. The block matching method
hasthe characteristic of low computational complexity,
less computation and strong real -time, so it becomes
the mainstream, and international standard on video
compression also adoptsthe block matching method
astheMC solution.

The M C fundamental ideabased on block match-
ing method is that current frames are divided into
unoverlapping sub blocks of same size, each current
block liesintheareaof referenceframe, and searchthe
nearest block according to acertain searching criteria,
whichisdefined asmatching block or predicting block.
The Displacement coordinate between Matching block
and current block iscalled motion vector, and the pixel
differencevauebetweenthemiscalled differencevaue
block, thus, every block of current framescan beindi-
cated by adifference block and amotion vector, and
the codesof current frame aretransformed as quanti-
zation codestowards every differenceblock and every
motion vector. Therefore, the actual transferred data
didn’t compress pixel data, but transfer motion vector
and residual block, when thevaueof Obviousdiffer-
ence block and motion vector issmaller, the compres-
sion has more advantage so that the bits numbers of
actud transmission decrease greatly. So themain pur-
pose of MC ismaking thevalue of theresidual block
and motion vector between matching-block and cur-
rent block smaller, thus, the corresponding displace-
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ment of the minimum matching-error referenceblock is
thewanted motion vector.

Before conducting M C, thesub-block’s shape, size,
Searchwindow size, search seven point s, search strat-
egy and matching norms should be confirmed.

Block matchingcriterion function

TheMC basicideaistodivideevery frameof im-
age sequenceinto lots of unoverlaped macro-blocks,
and it believesthat the displacement amount of al the
pixelsinmacro-blocksisidentical, thentofind out the
smilar block with current block and thematching block
within the given search rangefrom every block in cur-
rent frameto the onein previousframe according to
certain matching norms. Themotion displacement re-
sult can beworked out by relative position of matching
block and current block, so, the obtained motion dis-
placement isthemotion vector (MV) of current block.
Thestuation beforeand after themovementisasshown
inFgurel:

Definition: thesizeof macroblockisMxN, f, (m,n)
representsthe pixel value of position coordinatesin
current frame, whichis (m,n). f_,(m+i,n+ j) rep-
resentsthepixd vaueof thene ghboring previousframe
in this frame, in which the position coordinates is
(m+i,n+ j),and (i, j) indicatesthere ativedisplace-
ment of thismatching block and current macro block.
Thustheexpress onsof mean absolutedifference(MAD)
function, sum of absolute difference(SAD) and mini-

mum mean square error(M SE) are as shown in For-
mulal,Formula2,and Formula3:

M N
MAD(.) = DD i mm=fism+in+i)| (1

m=1n=1

M N
SAD(i,j)=ZZ|fk(m,n)—fk,l(m+i,n+j)| )

m=1n=1

M N
MAD(i,j):M—ll\lz:z\fk (mn)-fim+in+) (3

m=1n=1

-
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Figurel: Thediagram for relativemovement of current block and matching block

Suppose Formulalistreated astarget functionand
itsminimum va ueis shown and theminimum va ue of

MSE(i,, j,) exists when considering (i, j, ), then,

(iy, ) can be defined asthe optional motion vector.

compared Formulal,2,3, theaccuracy of MSE ishigher,
but itscomplexity degreeisgreater. Theminimum value
of MAD and M SE isequivaent, which reduced power
operation, simplify the operation, but the operation
amount of SAD normistheleast and the computation
becomessmpler. Thoughitisrelated to solve absol ute
vaueusing signed magnitude arithmetic, the properties
isvery closeto M SE. At present, SAD isusually used
asblock matchingnormin MC algorithm, itscorre-
sponding motion vector isdefined informula4 below:

BioTechnology —

MV=(i1j)|minSAD(i,j) @)
MC FAST SEARCHALGORITHM

The purpose of movement searchingistofind the
optima matching point. During the courseof searching,
different beginning prediction methodsand block match-
ing norms are adopted to quicken the searching or im-
provethe precision. Whether the searching strategy is
proper or not has great impact on the accuracy and
speed of motion estimation. Thefollowingwill intro-
duce new Three Step Search (TSS) algorithm, Four
step Search (FSS) agorithm, Diamond Search (DS)
algorithm so asto exploretheimproved programmed
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of MCfast search agorithm
New ThreeSep Search(NTSS) algorithm

STEPL: Establishagtarting point asthe center, in-
cluding thelargest search window, and then asisshown

Figure2: Position diagram in which eight-stepsisequal to
thegeneral point of maximum search range
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Figure3: Position diagram of threeblack spots
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Figure4: Position diagram of five black spots
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inFigure2, through calculation, eight step sizeisequa

to the average point in the maximum search range, or

dightly greater thanit, and the matching error of eight
adjacent point and the starting point isa so shown as
follows

® When theminimum point of matching error isthe
starting one, the starting point acts asthe search
result, and searching will end;

@ Whentheminimummeatchingerror pointisthenagh
boring point around the starting point and thispoint
actsasthecenter, find thethree Black spotsin Fig-
ure 3, or thematching error of fiveblack spotsin
Fgure4, then, minimum point of thematching error
isthefinal searchresult

® When not meeting the condition ® and @, goto
STEPZ,

STEPZ: if theminimum point of matching error in

Figure5: Position diagram of nineblack spots

Figure6: Position diagram of theminimum matchingerror
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STEP1 actsasthe center, and the step sizeishdf of the
origind steps, cal culation result of matching error of nine
pointsisasshowninFigure5;

STEP3:Repeat STEP2 until the step sizeisnumber
one, and find out theminimum matching error point from
Figure6, whichisexactly thesearch result.

Figure 7showsthree examples of three new steps
route

Four stepsM C fast sear chingalgorithm

STEPL: for The maximum search range 7, estab-
lisha5 x 5 window based on starting point as the cen-
ter, and cal culate the matching error of ninepointsis
showninFgure8. If theminimum matching error point
isthecenter, itwill jumptothe STEP4, otherwise, jump
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Figure7: Threenew stepsroutediagram

Figure8: Relativeposition diagram of ninepoints
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Figure10: Position diagram for threeblack spots

Figure1l: Position diagram for theminimum matching er-
ror point
to STEPZ;

STEP2:cons dering the minimum matching error
point asthe new window center, create5* 5Swindow;
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@® Whentheminimummeatchingerror pointsfound be-
forearethefour angles, ca culation of matching er-
ror of fiveblack isasshown in Figure 9, then find
the minimum matching error point;

@ Whentheminimum matching error point found be-
foreisthe center, cal culation of matching error of
threeblack isasshowninFigure10
Whenthematching errorsof these pointsarelarger

than the center point, jump to STEP4, otherwise, jump

to STEP3;
STEP3: Asisthesamein the Operation method of

STEP2, but eventually it will jumptothe STEP4;
STEP4: search window reduced to 3 x 3, find the

minimum matching error pointsfromninepointsin FHg-

ure 11, the point at which isthe search result
Figure 12 show two example of four stepsroute

Diamond M C fast search algorithm

STEP1:for Themaximum searchrange 7, establish
a5 x 5 window based on the starting point as the cen-
ter, and cal culate the matching error of ninepointsis
showninFgurel13. If theminimummetching error point
isthecenter, itwill jumptothe STEP3, otherwise, jump
to STEPZ;

STEP2:cons dering the minimum matching error
point asthe new window center, create5* 5window;
@® Whentheminimum meatching error pointsfound be-

forearethefour angles, ca culation of matching er-
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Figure12: Tworoutediagramsfor four steps
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Figure13: Relativeposition diagram of ninepoints
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Figure14: Position diagram of threepoints

e -
e at”

oo

-
-

Figure15: Position diagram of five points

ror of fiveblack isasshownin Figure 14, then find
the minimum matching error point;

@ Whentheminimum matching error point found be-
foreisthe center, calculation of matching error of
threeblack isasshowninFigure 15
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® When not meeting the condition ® and @, goto

STEPZ,

STEP3:search window reduced to 3 x 3, find the
minimum matching error pointsfromninepointsin Fg-
ure 16, thepoint at which isthe search result

Figure 17show the example of two diamond algo-
rithmroutes

Figure 16 : Position diagram for theminimum matching er-
ror point
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Figurel7: Tworoutediagramsfor diamond algorithm
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Figure18: Thedomain correlation char acteristic of motion
vector

MODIFIED BLOCK-MATCHINGMCALGO-
RITHM ANALYSIS

Motion vector relativity analysis

Invideo sequence, thereishigher reldivity between
neighboring interfaces. When framerateishigher, the
relativity becomes more obvious. Video object pos-
sessesthe continuous movement characteristic, sothere
existstherelativity towardstimeand space whenthe
macro block motion vector of video sequence move-
ment characteristic isdescribed. Especially, between
neighboring block, mation vector usudly hashigher rla
tivity.  For example, Figure 8 showed time-space do-
main correl ation characteristic of motion vector. sup-
pose Cistheblock of thecurrent code, L, U, R, D are
respectively theleft neighboring block, theabove one,
theright oneandthe below one, whileC,, L, U,, R, D,
isthe correspondent block inthe previousframe.

Supposethemotionvector of L,U,C,,U,,R,D;isre-
spectively V.-V, and asfor V, each motion vector
meetsformula(5), the motion correlation among the
blocksisbdievedto behigher. If themotion vectorisz
ero, itisindicated that thedomain dterationisplacid.
Then, thereisno need to perform thefollowing motion
estimation, thus, the ca culationtimeof encoder issaved,
otherwise, themotion corrdaion among theblocksclose
to block Cwill be believed to belower, which shows
thechangeintheareaisstronger.

Vi =Vg|<Tho 5)

InFormulab, Tho indicatesthethreshold value, it
isimportant to choosethethreshold value, if itischo-
sentoo small, the advantage of thisalgorithm can not
be shown, on the contrary, some still block may be
judged as zero vector block so that theimage quaity
LHDSP
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Figure19: Theposition diagram of two Patter n points
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after motion compensation will bereduced. Many ex-
periment proved that when Tho = 512, about 40% of
the macrobl ocks are judged as zero motion vectors,
which can escapemotion estimation and itsimage qudity
didn’t debase subjectively, also, in the occasion that
image movement isnot clear, thethresholdvaueisvery
proper.

For theregion wherethemovement issharp, gen-
eraly, usethesmall partition mode, suchas8 x 4, 4 x
8and 4 x 4, but for moving-slowly area, use the large
partition mode, suchas16 x 16, 16 x 8,8x 16 and 8 x
8. S0, so, according to the motion correlation height,
thesize of motion estimation compensation block. can
be determined

Thedetermination of theinitial search point and
elimination standard

Usually between adjacent blocks motion vectors
exigshigh corrdation, sotheinitia motion vector of the
current block can be predicted in accordance with the
motion vector of current and adjacent block, the mo-
tion vector of the current block ontheleft side, thetop
side, and the upper right can be chosen to make pre-
dictions, according to the median of threevectorsas
predictivevector, fromwhich theinitial search point.
can bedetermined

According to the principle of mathematical abso-
lute value, formula (6) and (7) can be carried out as
follows,

fi (m,n)=f,_;(M+i,n+j)<
[fi (M, m)=f,_y(M+i,n+]) ()

fr_a(m,n)=f, (Mm+i,n+j) <

[Fi (M, ) =f iy (M+i,n+]) Y
find the cumulative sum for two ends of thetype (6)
and (7) respectively, formula(8) and (9) isavailable
asfollows:

M-1IN-1 M-IN-1

%;fk(m,n)—%;fk_l(m,n)sSAD(i,j) ©
M—1N-1 M—1N-1
r%;)nz(:)fk—l(m!n)_rnzﬂ)gfk(m,n)SSAD(i,j) (9)

If parameter C representsthe sum of al pixe val-
uesinthecurrent block,then, expresson Cisasshown

informula(10)

M-IN-1

C= Zka(m,n)

m=0n=0

If parameter R representsthe sum of al pixel val-
ues in the reference block, then, expression R isas
showninformula(11)

M-1N-1

R(,1)= DD fialm+in+j)

m=0n=0

During the actual search process, only when the
absolutedifferencesum SAD(i, ) of thecurrent block
and thereferenceblock islessthan the gained absolute
differencesum SAD(x, y), referenceblock matching
cdculaionisrequired. If theabsol utedifference corre-
sponding with the motion vector (x, y) isthecurrent
minimum va ue, thenwhen ca cul ating the absol ute dif-
ference sum of the next search point for the block, for-
mula(12) should be meet asfollows:
sAD(i,j)< SAD(x,y) (12)
when cal culation of the absol ute difference sum of the
next search point for the block can not meet formula
(12), stop calculating. Thus, duoto (8), (9), (10), (11),
(12), formula(13) can bedrawn asfollows:
C - SAD(x,y) £ SAD(i,j) < C+ SAD(x,Y) (13)

From the formula (13), it can be known that the
matching cal culationisrequired when R(i, j ) isgreater
than or equal to al the pixel vaueof thecurrent block
and the difference of the minimum SAD value, or, is
lessthan or equd to dl pixel vaueof thecurrent block
and sum of theminimum SAD va ue. sojudging by the
criterion condition, thematch block without being cal-
culated can beremoved, theamount of cal culation can
be cut down, and the search speed Can beimproved
relaively.

Hexagon-based algorithm and theimproved fast
search algorithm

(10)

(1)

Hexagon-based search dgorithmisaimproved a-
gorithm of diamond agorithm, theagorithm stepsare
shown asfollows

STEP1.: determinethe starting point of the search,
and the point asthe search center;

STEP2: Perform hexagon search around the cen-
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tral point, calculate SAD of thevarious points, when
the minimum value acts asthe center point, then jump
tothe STEP3, otherwise, movethe center point tothe
minimum value point, repesat this step, when knowing
the minimum va ue appear in the ha fway point, then
jumptothe STEPS;

STEP3: Adopt alargediamond search a gorithm,
caculate SAD of thevariouspointsthe, anongit, cor-
responding point for the minimum SAD vaueistheop-
tima matchingpoint.

Two different search ranges are adopted in hexa-
gon agorithm, and alwaysfirst passthrough thesearch
range and then turnto the small search range. Butin
real video sequences, most of the background did not
move, sothea gorithmleadsto greeat ca culating redun-
dancy for block motion estimation whosethe motion
vector isamost zero, reducesthe search speed;

Thefixed stepsizeisusedin all thereferenceim-
ages, sotheimageof sharp movement and thet of chang-
ing-d owly can not be met ssimultaneoudy. So, based on
this, thispaper presentsan improved fast search ago-
rithm.

Accordingtothedifferent motion correlation of pre-
dictive motion vector and its adjacent ones, adopt two
templates, which are Square Search Patternand Large
Hexagon Diamond Search Pettern, asisshownin Fig-
urel9

Squaresearchtemplateisexpressed asSSSinFg-
ure19, theinitid search point asthe center, whichforms
componentswith thee ght adjacent surrounding points,
if theminimumva ue point isthe center, stop searching,
then the center point isthefinal motion vector. If the
minimum pointison theedge, theminimum vaue point
considered asthe center, do the next search computa-
tion withitssurrounding the eight pointsadjacent toiit,
until the minimum val ue becomes center point. If the
motion correlation between adjacent blocksisrdaivey
high, and the predicted motion vector valueiszero or
closeto zero, then, use SSS search template. Large
hexagon search template in Figure 19 is shown as
LHDSP, if the motion correl ation between adjacent
blocksisrelatively low, the LHDSPsearch templateis
used.

Improved search dgorithm steps are shown asfol-
lows

STEPL: determinethe predi cted motion vector of

BioTechnology — ammm—

current block and theinitial search point, andjudgethe
movement correlation among adjacent blocks;

STEPZ2: if thecorrel ation between adjacent blocks
moationishigh, the predicted motion vector valueisvery
smdll or zero, thenjump to the STEPS, otherwise, jump
to STEP3;

STEP3: LHDSPtemplateisused to do searching,
compute SAD vaue of the seven points, meanwhile,
make condition judgment using theexclusion criteria,
when the minimum value point actsasthe center, then,
jumptothe STEPA4, or repeat STEPS, until the center
point of theminimum vaue point gppears, thenjumpto
the STEP4;

STEPA4: A small diamond is made of four points
which arerespectivey the upper, thelower, theleft, the
right around center point, by which SAD vauesof five
points are cal cul ated, and make condition judgment
usingtheexclusion criteria. Thesmallest point of SAD
vaueisthefina motion vector;

STEPS:Employ SSStemplateto search, commu-
tate SAD vauesof ninepoints, meanwhile. make con-
ditionjudgment usngtheexcdusion criteria. If themini-
mum val ue point acts as the center point, the motion
vector of the corresponding point isthefinal motion
vector. If theminimum value point isthe edge points,
repeat STEPS, until the minimum point appears.

Comparison of algorithm evaluation and results

Evauation standard of an M C algorithmistofind
out the matching effect and the time complexity of
searching. Matching effects can be obtained by sub-
jectively assessing quality of recongtructed image, quan-
titative standardsof evd uation of imagequality canbe
measured by theaverage peak signa noiseratio PSNR
of imageor average M SE, whose cal culation formulas
areasshown informula(14) and (15).

2
— XmaX
PSNR-lOIg(MSE) 14
1 & )
MSE:_NZZ(Xi - %;) (15)
i=1

Informula(14) and (15), x, % indicatesrespec-
tively theorigina image, and corresponding pixd vaue,
X, 1Sthepixel maximum gray valueintheoriginal
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image, for x,, =225 by 8 bit quantization, N2 rep-
resentsthetotal pixel of N* in N images.
DatacomparisonsareasshowninTable 1 for New
threestep search (NTSS), four step search (FTS), dia-
mond search (DS)algorithm, hexagon-based search

(HS) and modified dgorithmintermsof time-consump-
tionand quality.

From datacomparisonsin TABLE 1, it canbeseen
that modified dgorithm hasan advandageover theother
fiveagorithmsintermsof time-consumptionand qua-

ity

TABLE 1: Data comparison

sear ch algorithm

Consumed time(second)

signal noiseratio

New three step search (NTSS)
four step search(FTS)
diamond search (DS)
hexagon-based search(HS)
modified algorithm

0.900035 37.2834
0.948070 37.4156
0.923841 37.2633
0.924044 37.2702
0.889560 37.6843

CONCLUSION

Inter frame motion compensation technology isan
important part ininternational video coding standard
framework, the compensation technology isan im-
portant method to eliminate the timeredundancy, and
inter frame motion compensation codingisgenerally
dividedinto three parts, thefirst oneisto estimatethe
displacement val ue of moving object in the adjacent
frames, the second isto do interface prediction cod-
ing by obtained motion estimation, thethird oneisto
predict the motion vector and error coding. Thefirst
part ismainly about value motion object estimatedin
the adjacent frames, which iscalled the motion esti-
mation (Motion Compensation, MC), thispartisthe
key part of the implementation of inter framemotion
coding, MC algorithm directly affectsthe efficiency
and quality of video coding. Tests show that the con-
sumed time by MC isabout half of the whole com-
pression time when encoding video sequences, and
the Compensation accuracy also affects the video
quality of the encoding.

Research showsthat theimproved a gorithm has
obvious advantagein the comparison of thedata. The
ideaon Improved agorithm isperformedin combina
tion of two kindsof templ ates, which isconducted un-
der theanaysis of the proper motion correlation, and
provides exampledemonstration for the combination
of severd kindsof dgorithmsand classification and pro-
cessof actud situation
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