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Abstract

Improvement of video compression performance is important more than
ever before because the data amount has been greatly increased by becom-
ing high definition videos practical. Therefore, H.265/HEVC being twice
as efficient as H.264/AVC is predicted to be a mainstream. However, the
computational complexity has been greatly increased and one has not got
the sufficient encoding speed. The improvement of motion estimation is
an essential to reduce the encoding speed degradation. TZSearch that is
used in H.265 reference software is one of the highly accurate and efficient
motion estimation. However, the speed of the motion estimation has not
been improved sufficiently yet.

In the block matching for the videos, SAD of the evaluation value
tends to change monotonically toward from large point to the minimum
point. The minimum SAD point usually exists in the neighborhood of
the prediction motion vector position. In TZSearch, the search in distant
points is often vain. This is because, the expanding diamond search
cannot reduce an extent area that executes searching in order to ensure
the certainty of being the minimum SAD point. And, it is difficult to reuse
of the reference image in TZSearch because the search points are sparse.
Therefore, the hit rate of a cache memory is easy to deteriorate. The hit
rate deterioration increases the number of cycles of load operations and
interferes with speed up.

In this paper, the author proposed a new motion estimation that is sig-
nificant improvement over TZSearch. It has three effective techniques to
achieve high accuracy and efficiency. First technique is adaptive size set-
ting for the expanding diamond search pattern according to the distance
from the current search center to the next search center. Second tech-
nique is usage of the sub-sampled image for block matching at the distant
search points. Third technique is early termination of the search. The
author implemented the proposed algorithm on the reference software.
The algorithm reduces 85.58% of AD operations and improve memory
access efficiency by 23.47% compared to TZSearch under the condition

that minimizing the deterioration of compression ratio and video quality.
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A J0000OO0DODOoUoooooOoogo

e JIDOODODOOOUOODDOONO tag, valid, dirtyD OO DO OODODO
gboboboooobbbuogobobbbooooooboood

gbobodbbdaboooboogbbuoobbuobooobod
x,ybboooboouoogoobood

gbbbuodgbboobbbool1gbbboooobbodad
gboodgboblgobboobobobobbuoooboooboan
1gbbobuggobbooogbbobooan

l1gbobooobo2dbbogbbuogaosbbouooanobooo
gbobobooogbbbuogoobobooooboobooon

B 0O0O0d0dodoooooooooobobon

/* encmain.cpp */
ggooogg
KonEvaluation konEva;

// 00000bogon

catch (po::ParseFailure& e)

{
cerr << "Error parsing option \""<< e.arg
<<"\" with argument \""
<< e.val <<"\"." << endl;

return 1;

// 0000000

if(argc == 8){ // O0OOOOO0OO
konEva.setParameter(atoi(argv[5]), atoi(argv([6]),
atoi(argv[7]));

Yelseq{
konEva.setParameter(-1, -1, -1);
}
31
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konEva.memAlloc(); // OO OO

konEva.fileOpen(cTAppEncTop.getInputFile()); // 000000
00

konEva.setImageSize (cTAppEncTop.getSourceWidth(),

cTAppEncTop.getSourceHeight()); // DOOOODOODO

// 0000o0oogo

// starting time

double dResult;

long 1Before = clock();

/* TAppEncCfg.h */

// 0000000000 b000b0obogo
Int getSourceWidth(){ return m_iSourceWidth; }
Int getSourceHeight(){ return m_iSourceHeight; }
Char* getInputFile(){ return m_pchInputFile; }

/* TEncGop.cpp */

#if LOO45_NON_NESTED_SEI_RESTRICTIONS
xResetNonNestedSEIPresentFlags();

#endif
pcPic->getPicYuvRec () ->copyToPic(pcPicYuvRecOut) ;

pcPic->setReconMark  ( true );

m_bFirst = false;

m_iNumPicCoded++;

m_totalCoded ++;

/* logging: insert a newline at end of picture period */
printf("\n");

fflush(stdout);

delete[] pcSubstreamsOut;
konEva.reset(); // O0O0O0OO0O00OO0OOOOOOOO
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/* TEncSearch.cpp xMotionEstimation() OO OO */
// 000000

if ( bBi ) =xSetSearchRange ( pcCU, rcMv , iSrchRng,
cMvSrchRngLT, cMvSrchRngRB );
else xSetSearchRange ( pcCU, cMvPred, iSrchRng,

cMvSrchRngLT, cMvSrchRngRB );
m_pcRdCost->getMotionCost ( 1, 0 );

m_pcRdCost->setPredictor ( *pcMvPred );
m_pcRdCost->setCostScale ( 2 );

setWpScalingDistParam( pcCU, iRefIdxPred,
eRefPicList ); /x HM-10.00 00 =x/

// 00000ogof
O//00pu0000000DO0OOOOOODOODO
// D0000b0o0booobgobooboboboboboobooon
Int iPUX=0, iPUY=0, iPUWidth=0, iPUHeight=0, iRefP0C=0;
pcCU->getPartPosition(iPartIdx, iPUX, iPUY,
iPUWidth, iPUHeight); // PUOOOOOOOOOO
iRefPOC = pcCU->getSlice()->getRefPOC(
eRefPicList, iRefldxPred ); // 0D OOO0O0ODOODO
if ('konEva.bSort && !(konEva.getFbn() < 0)){
Int iNumRefIdx0 = pcCU->getSlice()—>
getNumRef Idx (REF_PIC_LIST_0);
Int iNumRefIdxl = pcCU->getSlice()->
getNumRef Idx (REF_PIC_LIST_1);
Int *CombRefPOCList = new Int[iNumRefIdx0O + iNumRefIdx1];
Int iRefNum = O;
for(Int i=0; i<iNumRefIdxO; i++){
CombRefPOCList [iRefNum] =
pcCU->getSlice () ->getRefPOC(REF_PIC_LIST_O, i);
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iRefNum++;
}
for(Int i=0; i<iNumRefIdx1; i++){
CombRefPOCList [iRefNum] =
pcCU->getSlice()->getRefPOC(REF_PIC_LIST_1, i);
iRefNum++;
}
// 00000
// http://wwuTb.biglobe.ne.jp/ robe/cpphtml/html03/cpp03025.html
Int iSearch=0, iMin=0, nMin=0, temp=0;
for(Int iLoop=0; iLoop<(iNumRefIdxO+iNumRefIdx1-1); iLoop++){
iMin = iLoop;
nMin = CombRefPOCList[iLoop];
for(iSearch = iLoop+1; iSearch<(iNumRefIdxO+iNumRefIdx1);
iSearch++){
if (CombRefPOCList [iSearch]<nMin){
iMin = iSearch;
nMin = CombRefPOCList[iSearch];

+
temp = CombRefPOCList[iMin];
CombRefPOCList [iMin] = CombRefPOCList [iLoop];
CombRefPOCList [iLoop] = temp;
}
// 000oo0gd
for(Int i=0; i<(iNumRefIdxO+iNumRefIdx1-1); i++){
if (CombRefPOCList[i] == CombRefPOCList[i+1]){
CombRefPOCList[i] = -1;
iRefNum—-;

}

//0000

konEva.RefPOCList = new Int[iRefNum];
konEva.refNum = iRefNum;

Int now = O;
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for(Int i=0; i<(iNumRefIdxO+iNumRefIdx1); i++){
if (CombRefPOCList[i] >= 0){
konEva.RefPOCList [now] = CombRefPOCList[i];
now++;

}
delete[] CombRefPOCList;
konEva.bSort = true;
}
/ 000000000000
TEncSearch.cpp xPatternSearchFast() O xTZSearch() OO OO
00 Int iPUX, Int iPUY, Int iPUWidth,
Int iPUHeight, Int iRefPOCO OO OO =x/

/* TEncSearch.cpp xTZSearchHelpU [ */
/ 0000000000000 0000000 =/
/* xTZSearch O OO OOOOOOO %/
__inline Void TEncSearch: :xTZSearchHelp_range(
TComPattern* pcPatternKey, IntTZSearchStruct& rcStruct,
const Int iSearchX, const Int iSearchY, const UChar ucPointNr,
const UInt uiDistance, const UInt uiDistance2, Int& riBestDist,
Int iPUX, Int iPUY, Int iPUWidth, Int iPUHeight, Int iRefPOC )
{

UInt wuiSad;

Pelx piRefSrch;

piRefSrch = rcStruct.piRefY + iSearchY *
rcStruct.iYStride + iSearchX;

//-- jclee for using the SAD function pointer
m_pcRdCost->setDistParam( pcPatternKey, piRefSrch,
rcStruct.i¥Stride, m_cDistParam );
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// fast encoder decision: use subsampled SAD
//when rows > 8 for integer ME 0000000000
if ( m_pcEncCfg->getUseFastEnc() )

{
if ( m_cDistParam.iRows > 8 )
{
m_cDistParam.iSubShift = 1;
}
}

setDistParamComp(0); // Y component U0 OO OOOOOOO
O

konEva.lliMatchingCount++; // 0000000

konEva.evaluation(iPUX+iSearchX, iPUY+iSearchY,
iPUWidth, iPUHeight, iRefPOC, m_cDistParam.iSubShift,
m_cDistParam.iSubsampling); // 0 OO0OOO

// distortion
m_cDistParam.bitDepth = g_bitDepthY;

uiSad = m_cDistParam.DistFunc( &m_cDistParam );

// sADOO00noogn

unsigned long long int sadNum = O;

Int shift = m_cDistParam.iSubShift;

if (m_cDistParam.iSubsampling > 0){
shift += m_cDistParam.iSubsampling;

b

sadNum = iPUWidth * iPUHeight;

sadNum >>= shift;

konEva.ulliSadNum += sadNum;

// motion cost
uiSad += m_pcRdCost->getCost( iSearchX, iSearchY );
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// 0000o0o00ooo
if( uiSad < rcStruct.uiBestSad )

{
rcStruct.uiBestSad = uiSad;
rcStruct.iBestX = iSearchX;
rcStruct.iBestY = iSearchY;
rc3truct.uiBestDistance = uiDistance;
rcStruct.uiBestRound = 0;
rcStruct.ucPointNr = ucPointNr;
riBestDist = uiDistance?2;

}

}

U0O0D0O KonEvaluation.h [J KonEvaluation.cpp U U OO UOI
oboboboboobooboobooboobon

OO : TAppEncoder.exe -c encoder_randomaccess_main.cfg -c
Football.cfg 0 2 0

goodgs3soooo1ooooobobbbooooogoao
0:32KB 1:16KB 2:8KB 3:4KB 4:1GB 5:2GB 6:4GB

20000000000000000000000O000
0:00000000 1:2wayd 00U 2:4wayU 00

gbobobog2000ouggoobod
200000000 0:256KB

2000boooobbbuooobbboooob

bbbt esvbU0bOooobouoouoob1bobobooogb
gobobooooon
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C HMUOOOOO
e TComRdCost::xGetSAD16() O O

gooobobooboobobooboobobbobod
goboooog

O000ooooboboooO0oD0o0ooOoooooooo Dist-
Param O 000 iSubsampling 0 0000000000 O0O0O
O iSubsampling 0 O 0 TEncSearch 0 OO0 O0O00OOOODO0O
0000000000000 0D00D000 iSubStepO 00O
O00000DO0DbOO00O0Oon

o:0b0oobOobbOob 22200b0000000000 440
gbooobooboon

iSubsampling 0 00000 SADOODOOOODOOOODO

TComRdCost::xGetSAD8() 0 0 0 0 xGetSADO O OO OO
goodgd

e TEncSearch::xTZSearchHelp_range()

gbggbgbodobuooboboobuogbobbobod
gobbooogobobuoogoobo

uiDistance2 00 0000000 0OOOSADOOOOOOOO
O0O0O0O riBestDist O uiDistance2 D 0 OO0 OO OO

e TEncSearch::xTZ8PointDiamondSearch_range()

gobobobooboboooobobooboboboo
gbobobobuoobobobuogbobuobbobooobon

e TEncSearch::xTZSearch_termination()

gobbooodgbbbooaobn

gbugboobobobobbobooboooboobad
000 pcMvSrehRng2 00O OO0O0OO0OOO0OODOODOODOO
U00O0iBestDist DD O0D0OO0O00OO0OO0OOOO0DOOOO
000000000 00000 pMySrchRng200O0D00O0O0O

O00000000DDOiDist00 0000 m_cDistParam.iSubsampling
0oooo
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D Ouodoooood

UInt TComRdCost::xGetSAD16( DistParam* pcDtParam )
{
if ( pcDtParam->bApplyWeight )

{
return xGetSADw( pcDtParam );
}
Pelx piOrg = pcDtParam—>pOrg; //00 00000
Pelx piCur = pcDtParam->pCur; //0000

Int iRows pcDtParam->iRows;

Int 1iSubShift = pcDtParam->iSubShift;

Int iSubStep = ( 1 << iSubShift );

if (pcDtParam->iSubsampling > 0){ /000000000000
oogd

iSubStep <<= (pcDtParam->iSubsampling/2);

b

Int 1iStrideCur = pcDtParam->iStrideCur*iSubStep;
//pcDtParam->iStrideCur O OO OO (DOOOODO)

Int 1iStrideOrg = pcDtParam->iStrideOrg+*iSubStep;

//pcDtParam->iStrideOrg 00 0 OO0 OO
UInt uiSum = O;

if (pcDtParam->iSubsampling == 0){
for( ; iRows != 0; iRows-=iSubStep )
{
uiSum += abs( piOrg[0] - piCur[0]
uiSum += abs( piOrg[1] - piCur[1]
uiSum += abs( piOrg[2] - piCur[2]
uiSum += abs( piOrg[3] - piCur[3]

)

)

)

)
uiSum += abs( piOrg[4] - piCur([4] );

uiSum += abs( piOrg[5] - piCur[5] )

uiSum += abs( piOrg[6] - piCur[6] )

uiSum += abs( piOrg[7] - piCur([7] )

)

uiSum += abs( piOrg[8] - piCur[8]
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¥

uiSum
uiSum
uiSum
uiSum
uiSum
uiSum
uiSum

piOrg
piCur

+=

+=

+=

+=

+=

+=

+=

abs( piOrg[9] - piCur([9] );

abs( piOrg[10] - piCur[10] );
abs( piOrg[11] - piCur[11] );
abs( piOrg[12] - piCur[12] );
abs( piOrg[13] - piCur[13] );
abs( piOrg[14] - piCur[14] );
abs( piOrg[15] - piCur[15] );
iStrideOrg;

iStrideCur;

Yelse if(pcDtParam->iSubsampling == 2){

for( ; iRows != 0; iRows-=iSubStep )

{

}

uiSum
uiSum
uiSum
uiSum
uiSum
uiSum
uiSum

uiSum

pilOrg
piCur

+=

+=

+=

+=

+=

+=

+=

abs( piOrg[0] - piCur([0] );
abs( piOrg[2] - piCur([2] );
abs( piOrgl[4] - piCur([4] );
abs( piOrg[6] - piCur[6] );
abs( piOrgl[8] - piCur([8] );

abs( piOrg[10] - piCur[10] );
abs( piOrg[12] - piCur[12] );
abs( piOrg[14] - piCur[14] );

iStrideOrg;

iStrideCur;

}else if (pcDtParam->iSubsampling == 4){
for( ;

{

uiSum
uiSum
uiSum

uiSum

piOrg

iRows > 0; iRows-=iSubStep )

+=

+=

+=

abs( piOrg[0] - piCur([0] );
abs( piOrgl[4] - piCur([4] );
abs( piOrg[8] - piCur([8] );
abs( piOrg[12] - piCur[12] );

iStrideOrg;
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piCur += iStrideCur;

}

uiSum <<= (iSubShift+pcDtParam->iSubsampling) ;

return uiSum >> DISTORTION_PRECISION_ADJUSTMENT (
pcDtParam->bitDepth-8) ;
}

/** range [
*/
__inline Void TEncSearch: :xTZSearchHelp_range(
TComPattern* pcPatternKey, IntTZSearchStruct& rcStruct,
const Int iSearchX, const Int iSearchY, const UChar ucPointNr,
const UInt uiDistance, const UInt uiDistance2,
Int& riBestDist, Int iPUX, Int iPUY, Int iPUWidth,
Int iPUHeight, Int iRefPOC )
{
UInt wuiSad;

Pel*x piRefSrch;

piRefSrch = rcStruct.piRefY + iSearchY *

rcStruct.iYStride + iSearchX;

//-- jclee for using the SAD function pointer
m_pcRdCost->setDistParam( pcPatternKey, piRefSrch,
rcStruct.iYStride, m_cDistParam );

// fast encoder decision: use subsampled SAD when
rows > 8 for integer ME U0 UOUOODOOOU
if ( m_pcEncCfg->getUseFastEnc() )
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if ( m_cDistParam.iRows > 8 )

{
m_cDistParam.iSubShift = 1;

setDistParamComp(0); // Y component U OO OOODODOONO
ad

konEva.lliMatchingCount++; // 0000000

konEva.evaluation(iPUX+iSearchX, iPUY+iSearchY,
iPUWidth, iPUHeight, iRefPOC, m_cDistParam.iSubShift,
m_cDistParam.iSubsampling); // DOOOOO

// distortion
m_cDistParam.bitDepth = g_bitDepthY;

uiSad = m_cDistParam.DistFunc( &m_cDistParam );

// sAbO00000gn

/ DO0000000000000 =/

unsigned long long int sadNum = O;

Int shift = m_cDistParam.iSubShift;

if (m_cDistParam.iSubsampling > 0){
shift += m_cDistParam.iSubsampling;

b

sadNum = iPUWidth * iPUHeight;

sadNum >>= shift;

konEva.ulliSadNum += sadNum;

// motion cost
uiSad += m_pcRdCost->getCost( iSearchX, iSearchY );

// 00000000o0g
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if( uiSad < rcStruct.uiBestSad )

{
rcStruct.uiBestSad = uiSad;
rcStruct.iBestX = iSearchX;
rcStruct.iBestY = iSearchY;
rc3truct.uiBestDistance = uiDistance;
rcStruct.uiBestRound = 0;
rcStruct.ucPointNr = ucPointNr;
riBestDist = uiDistance2; // OO
}
}
Y e *x/

__inline Void TEncSearch::xTZ8PointDiamondSearch_range (
TComPattern* pcPatternKey, IntTZSearchStruct& rcStruct,
TComMv* pcMvSrchRngLT, TComMv* pcMvSrchRngRB,

const Int iStartX, const Int iStartY, const Int iDist,
Int& riBestDist, Int iPUX, Int iPUY, Int iPUWidth,

Int iPUHeight, Int iRefPOC )

{

xTZSearchHelp_range( pcPatternKey, rcStruct, iStartX,
iTop, 2, iDist, iDist, riBestDist, iPUX,

iPUY, iPUWidth, iPUHeight, iRefPOC );
/* xTZSearchHelp [] xTZSearchHelp_range U [0 [0 */

VAL
*» JO0O+00+000000
* \param pcCU CodingUnit O 0O 00O

* \param pcPatternKey neighbour access class pointer OO0
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Oobooboboboborobboboobooboboboobone
\param piRefY 0O OO OODO0O

\param iRefStride DO O OOODOODOOOOO
\param pcMvSrchRngLlT 000000 « 1
\param pcMvSrchRngRB OO OO0 - |
\param rcMv 00000000000

\param ruiSAD OO 0O0ODO SAD

\param iPUX PUO x O [

\param IPUY PUO yO 0O

\param iPUWidth PUO OO

\param IPUHeight PUO OO

\param iRefPOC O OO OO

\returns Void

¥ ¥ X X X X X ¥ ¥ X *x ¥

*/
Void TEncSearch::xTZSearch_termination( TComDataCU* pcCU,
TComPattern* pcPatternKey, Pel* piRefY, Int iRefStride,
TComMv* pcMvSrchRngLT, TComMv* pcMvSrchRngRB, TComMv& rcMv,
UInt& ruiSAD, Int iPUX, Int iPUY, Int iPUWidth,
Int iPUHeight, Int iRefP0OC ){

// 0o0ooooogon

Int  iSrchRngHorLeft pcMvSrchRngLT->getHor () ;

Int  iSrchRngHorRight = pcMvSrchRngRB->getHor () ;
pcMvSrchRngLT->getVer () ;
pcMvSrchRngRB->getVer () ;

Int  iSrchRngVerTop
Int  iSrchRngVerBottom

// 00000
TComMv* pcMvSrchRngLT2
TComMv* pcMvSrchRngRB2

new TComMv();

new TComMv () ;

Int iSrchRngHorLeft2 = iSrchRngHorLeft;
Int iSrchRngHorRight2 = iSrchRngHorRight;
Int iSrchRngVerTop2 = iSrchRngVerTop;
Int iSrchRngVerBottom2 = iSrchRngVerBottom;
Int iSrchRngHorLeft_tmp = iSrchRngHorLeft;
Int iSrchRngHorRight_tmp = iSrchRngHorRight;
Int iSrchRngVerTop_tmp = iSrchRngVerTop;
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Int iSrchRngVerBottom_tmp = iSrchRngVerBottom;
pcMvSrchRngLT2->set (pcMvSrchRngLT->getHor (),
pcMvSrchRngLlT->getVer()); // OO O
pcMvSrchRngRB2->set (pcMvSrchRngRB->getHor (),
pcMvSrchRngRB->getVer()) ;

TZ_SEARCH_CONFIGURATION // TZSearch [l [

UInt uiSearchRange = m_iSearchRange; // OO OOODODOO?

pcCU->clipMv( rcMv ); // OODOOOOOO?

rcMv >>= 2; // 0000 clipivO 0 2000000000000 0O
OOooOoobooooooogo

// init TZSearchStruct
IntTZSearchStruct cStruct;

cStruct.iYStride = iRefStride;
cStruct.piRefY = piRefY;
cStruct.uiBestSad = MAX_UINT;

m_cDistParam. iSubsampling = O;

// set rcMv (Median predictor) as start point

and as best point U0DUOOO0O0OOOOOOO
xTZSearchHelp( pcPatternKey, cStruct, rcMv.getHor(),
rcMv.getVer(), 0, O, iPUX, iPUY, iPUWidth,
iPUHeight, iRefPOC );

// test whether one of PRED_A, PRED_B, PRED_C MV is
better start point than Median predictor
// bTestOtherPredictedMV=1 0000000000000 3000
oooad
if ( bTestOtherPredictedMV )
{
for ( UInt index = 0; index < 3; index++ )
{

TComMv cMv = m_acMvPredictors[index] ;
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pcCU->clipMv( cMv );

cMv >>= 2;

xTZSearchHelp( pcPatternKey, cStruct, cMv.getHor(),
cMv.getVer(), 0, O, iPUX, iPUY, iPUWidth,
iPUHeight, iRefPOC );

// test whether zero Mv is better start point

than Median predictor
// BTestZeroVector=100OOOOOOOO0OO0oOOOOOOOOO
if ( bTestZeroVector )

{

xTZSearchHelp( pcPatternKey, cStruct, 0, 0, 0, O,
iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );

}

// start search

Int iDist = O;

Int iStartX = cStruct.iBestX;

Int iStartY = cStruct.iBestY;

Int iBestDist = 0; // O0O0O0O0O idistUO0, DOOOOOOO
ogoooooo

// 00

Bool termination = false;
for(Int i=0; i<4; i++){

iStartX = cStruct.iBestX;

iStartY = cStruct.iBestY;

cStruct.uiBestDistance = 0;
Int iTop = iStartY - 1;
Int iBottom = iStartY + 1;
Int iLeft = iStartX - 1;
Int iRight = iStartX + 1;

// 000oo0d
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if (iTop >= iSrchRngVerTop){
xTZSearchHelp( pcPatternKey, cStruct, iStartX, iTop,
0, 1, iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );
}
if (iLeft >= iSrchRngHorLeft){
xTZSearchHelp( pcPatternKey, cStruct, ileft, iStarty,
0, 1, iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );
b
if (iRight <= iSrchRngHorRight){
xTZSearchHelp( pcPatternKey, cStruct, iRight, iStarty,
0, 1, iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );
b
if (iBottom <= iSrchRngVerBottom){
xTZSearchHelp( pcPatternKey, cStruct, iStartX, iBottom,
0, 1, iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );
b
// 00000
/*if (iTop >= iSrchRngVerTop){
if (iLeft >= iSrchRngHorLeft){
xTZSearchHelp( pcPatternKey, cStruct, ilLeft, iTop,
0, 1, iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );
+
xTZSearchHelp( pcPatternKey, cStruct, iStartX, iTop,
0, 1, iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );
if (iRight <= iSrchRngHorRight){
xTZSearchHelp( pcPatternKey, cStruct, iRight, iTop,
0, 1, iPUX, iPUY, iPUWidth, iPUHeight, iRefPQOC );
+
b
if (iLeft >= iSrchRngHorLeft){
xTZSearchHelp( pcPatternKey, cStruct, ileft, iStartV,
0, 1, iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );
b
if (iRight <= iSrchRngHorRight){
xTZSearchHelp( pcPatternKey, cStruct, iRight, iStarty,
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0, 1, iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );
}
if (iBottom <= iSrchRngVerBottom){
if (iLeft >= iSrchRngHorLeft){
xTZSearchHelp( pcPatternKey, cStruct, ilLeft, iBottom,
0, 1, iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );
+
xTZSearchHelp( pcPatternKey, cStruct, iStartX, iBottom,
0, 1, iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );
if (iRight <= iSrchRngHorRight){
xTZSearchHelp( pcPatternKey, cStruct, iRight, iBottom,
0, 1, iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );
+
x/
if (cStruct.uiBestDistance == 0){
termination = true;

break;

if('termination){ // D0 0OO0O00OOOO00OO0OOCOOOOOOOO
O
cStruct.iBestX;
cStruct.iBestY;

iStartX
iStartY
cStruct.uiBestDistance = O;

// first search
// 00000 s00000000O0OOOOO0O00OO0sOOOO0O
aad
for ( iDist = 1; iDist <= (Int)uiSearchRange; iDist*=2 )
{
/*if (iDist > 16){
m_cDistParam.iSubsampling = 4; //000040000 (4x4
ooooo)
} else */if (iDist > 4){
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m_cDistParam.iSubsampling = 2; // 000000000

Obhoboboboboobooobooboo2000n0 2x200000)

}

} else {

m_cDistParam.iSubsampling = O;
+
xTZ8PointDiamondSearch_range ( pcPatternKey, cStruct,
pcMvSrchRngLT, pcMvSrchRngRB, iStartX, iStartY, iDist,
iBestDist, iPUX, iPUY, iPUWidth, iPUHeight, iRefPOC );
if ( bFirstSearchStop && ( cStruct.uiBestRound >=
uiFirstSearchRounds ) ) // stop criterion
{

break;

m_cDistParam.iSubsampling = O;

// calculate only 2 missing points instead 8 points
if cStruct.uiBestDistance == 1 UOUOUO0O0OO0O0O10000200
gooo

if ( cStruct.uiBestDistance == 1 )

{

cStruct.uiBestDistance = O;

xTZ2PointSearch( pcPatternKey, cStruct, pcMvSrchRngLT,
pcMvSrchRngRB, iPUX, iPUY, iPUWidth,

iPUHeight, iRefPOC );

// 00000go

iSrchRngHorLeft_tmp
iSrchRngHorRight _tmp
iSrchRngVerTop_tmp
iSrchRngVerBottom_tmp

cStruct.iBestX;
cStruct.iBestX;
cStruct.iBestY;
cStruct.iBestY;

switch(iBestDist){

case 64:
iSrchRngHorLeft_tmp += -32;
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iSrchRngHorRight_tmp += 32;
iSrchRngVerTop_tmp += -32;
iSrchRngVerBottom_tmp += 32;
uiSearchRange = 32;
break;

case 32:
iSrchRngHorLeft_tmp += -16;
iSrchRngHorRight_tmp += 16;
iSrchRngVerTop_tmp += -16;
iSrchRngVerBottom_tmp += 16;
uiSearchRange = 16;
break;

case 16:
iSrchRngHorLeft_tmp  += -8;
iSrchRngHorRight _tmp += 8;
iSrchRngVerTop_tmp += -8;
iSrchRngVerBottom_tmp += 8;
uiSearchRange = 8;
break;

case 8:
iSrchRngHorLeft_tmp  += -4;
iSrchRngHorRight_tmp += 4;
iSrchRngVerTop_tmp += -4;
iSrchRngVerBottom_tmp += 4;
uiSearchRange = 4;
break;

case 4:
iSrchRngHorLeft_tmp  += -2;
iSrchRngHorRight _tmp += 2;
iSrchRngVerTop_tmp += -2;
iSrchRngVerBottom_tmp += 2;
uiSearchRange = 2;
break;

default:
iSrchRngHorLeft_tmp += -2;
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iSrchRngHorRight _tmp += 2;
iSrchRngVerTop_tmp += -2;
iSrchRngVerBottom_tmp += 2;
uiSearchRange = 2;

break;

// 000000000000 00b00obon

if (iSrchRngHorLeft2 > iSrchRngHorLeft_tmp){
iSrchRngHorLeft_tmp = iSrchRngHorLeft2;

+

if (iSrchRngHorRight2 < iSrchRngHorRight_tmp){
iSrchRngHorRight_tmp = iSrchRngHorRight2;

b

if (iSrchRngVerTop2 > iSrchRngVerTop_tmp){
iSrchRngVerTop_tmp = iSrchRngVerTop2;

+

if (iSrchRngVerBottom2 < iSrchRngVerBottom_tmp){
iSrchRngVerBottom_tmp = iSrchRngVerBottom2;

b

iSrchRngHorLeft2 = iSrchRngHorLeft_tmp;

iSrchRngHorRight2 = iSrchRngHorRight_tmp;

iSrchRngVerTop2 = iSrchRngVerTop_tmp;

iSrchRngVerBottom2 = iSrchRngVerBottom_tmp;

pcMvSrchRngLT2->set (iSrchRngHorLeft_tmp,

iSrchRngVerTop_tmp) ;

pcMvSrchRngRB2->set (iSrchRngHorRight_tmp,

iSrchRngVerBottom_tmp) ;

// start refinement
if ( bStarRefinementEnable &&
cStruct.uiBestDistance > 0 )
{
// 000008000000 O0O0O0DODOsO0OOOODODOO
while ( cStruct.uiBestDistance > 0 )

51
U

U
obobooooooobooog



iStartX cStruct.iBestX;
iStartyY cStruct.iBestY;
cStruct.uiBestDistance = O;

cStruct.ucPointNr = 0;

iBestDist = O;

for ( iDist = 1; iDist < (Int)uiSearchRange + 1;
iDist*=2 )

/*if (iDist > 16){

m_cDistParam.iSubsampling

4; //0000 4000

O (@x400000)

} else x/if (iDist > 4){
m_cDistParam.iSubsampling

2; //O0O0O0Ooooo

OOobooboDOOoobooOooboobooob 20000 (2x200000)

2000

} else {

m_cDistParam.iSubsampling = O;
b
xTZ8PointDiamondSearch_range ( pcPatternKey,
c3truct, pcMvSrchRnglT2, pcMvSrchRngRB2, iStartX,
iStartY, iDist, iBestDist, iPUX, iPUY, iPUWidth,
iPUHeight, iRefPOC );
if ( bStarRefinementStop && (cStruct.uiBestRound >=
uiStarRefinementRounds) ) // stop criterion
{

break;

}
m_cDistParam.iSubsampling = O;
// calculate only 2 missing points instead 8 points

if cStrukt.uiBestDistance == godgogoo 10000
if ( cStruct.uiBestDistance == 1 )
{

cStruct.uiBestDistance = O;
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if ( cStruct.ucPointNr != 0 )

{
xTZ2PointSearch( pcPatternKey, cStruct,
pcMvSrchRnglT2, pcMvSrchRngRB2, iPUX, iPUY,
iPUWidth, iPUHeight, iRefPQC );

}

// 0000000
iSrchRngHorLeft_tmp

cStruct.iBestX;
cStruct.iBestX;
cStruct.iBestY;
cStruct.iBestY;

iSrchRngHorRight_tmp

iSrchRngVerTop_tmp

iSrchRngVerBottom_tmp

switch(iBestDist){

case 64:
iSrchRngHorLeft_tmp += -32;
iSrchRngHorRight_tmp += 32;
iSrchRngVerTop_tmp += -32;
iSrchRngVerBottom_tmp += 32;
uiSearchRange = 32;
break;

case 32:
iSrchRngHorLeft_tmp += -16;
iSrchRngHorRight_tmp += 16;
iSrchRngVerTop_tmp += -16;
iSrchRngVerBottom_tmp += 16;
uiSearchRange = 16;
break;

case 16:
iSrchRngHorLeft_tmp += -8;
iSrchRngHorRight_tmp += 8§;
iSrchRngVerTop_tmp += -8;
iSrchRngVerBottom_tmp += 8;

uiSearchRange = 8;
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break;

case 8:
iSrchRngHorLeft_tmp += -4;
iSrchRngHorRight_tmp += 4;
iSrchRngVerTop_tmp += —4;
iSrchRngVerBottom_tmp += 4;
uiSearchRange = 4;
break;

case 4:
iSrchRngHorLeft_tmp += -2;
iSrchRngHorRight _tmp += 2;
iSrchRngVerTop_tmp += -2;
iSrchRngVerBottom_tmp += 2;
uiSearchRange = 2;
break;

default:
iSrchRngHorLeft_tmp += -2;
iSrchRngHorRight_tmp += 2;
iSrchRngVerTop_tmp += -2,
iSrchRngVerBottom_tmp += 2;
uiSearchRange = 2;
break;

// 0000000000000000000 0

if (iSrchRngHorLeft2 > iSrchRngHorLeft_tmp){
iSrchRngHorLeft_tmp = iSrchRngHorLeft2;

}

if (iSrchRngHorRight2 < iSrchRngHorRight_tmp){
iSrchRngHorRight_tmp = iSrchRngHorRight2;

b

if (iSrchRngVerTop2 > iSrchRngVerTop_tmp){
iSrchRngVerTop_tmp = iSrchRngVerTop2;

}

if (iSrchRngVerBottom2 < iSrchRngVerBottom_tmp){
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iSrchRngVerBottom_tmp = iSrchRngVerBottom?2;
+
iSrchRngHorLeft2 = iSrchRngHorLeft_tmp;
iSrchRngHorRight2 = iSrchRngHorRight_tmp;
iSrchRngVerTop2 = iSrchRngVerTop_tmp;
iSrchRngVerBottom2 = iSrchRngVerBottom_tmp;
pcMvSrchRngLT2->set (iSrchRngHorLeft_tmp,
iSrchRngVerTop_tmp) ;
pcMvSrchRngRB2->set (iSrchRngHorRight_tmp,
iSrchRngVerBottom_tmp) ;

// write out best match

rcMv.set( cStruct.iBestX, cStruct.iBestY );
ruiSAD = cStruct.uiBestSad - m_pcRdCost->getCost(
cStruct.iBestX, cStruct.iBestY );

delete pcMvSrchRngLT2;

delete pcMvSrchRngRB2;
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