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Ao ols)Eolo} g}
W, R AN AEEE wuge] 7 pASS AR the 544 JsEe wad Awe] Wl 944 =9
Hom EAE RoRA, 4 FAE A= Wihel sSeselt WA AxEds THRTE A% v
= @t daAd, 4 A T F N oo Aol dAA st S o' k= AL, st Aol &
Fo pHom Uvleld FE ot 2 PAol BF W/EE Bow AAAE B A B4 HojA e
= 3 2 UHAe] Aol 23T

oh, WHE EWES Faratol, ¥ A wEAH HAE wok s APsuA @ s, =uy
o U A Skol WAL BAT Fx $EB AEAT FAG T4 ano oA FRE dge 4
2 2= ohjr

=2 T M .

=12 8 7AE AeE g e AYL /G 29 AR dE EH R YERit,

o] AT HIYe/9d =l &S Zojtk. dE Eo o] wAA AR W /AAdE WC (versatile
video coding) <=, EVC (essential video coding) 3=, AVl (AOMedia Video 1) 3=, AVS2 (2nd
generation of audio video coding standard) E& AU H|Y /94 39 EF(ex. H.267 or H.268 5)ol
MAE = e A8d 4 Q).

o TA M= HIT /G Aol A3k vgdst AAAES A, & dFo] gl 3 7] AAdES A

o i
= z¢slel a8 SR vk,

o] EAA HIY L (video)E AlZre] &7 wE A9 P (image)EC HIEE IvE 4 Jrh. A
(picture)= dWtA o=z 54 At 9] shte] G4E veld+ o
= 3ZY dojA A dRE FAsE Tdfleltt. &gfolA/Eld S sk o]/ CTU(coding tree unit)S X
I k. shue] A= sk o] EetolA/EARE FAE & ATh. e JAHE st o]t B
IFoE F4E F vtk s BY a5 sy ol BYES X 5 k. B A O B5§d o
el CTU BE2 Azt 9945 yekd 4= 9ul(a brick may represent a rectangular region of CIU rows
within a tile in a picture). EBFY-S v HElEE StelMdd & Qlar, 2 B8 A7) g5§d o shv o
9] CTU FEZ T74=E 4 YUY(A tile may be partitioned into multiple bricks, each of which consisting
of one or more CTU rows within the tile). T B EZ IEMIEA e Efde T3l HEglor 5
4 AUTH(A tile that is not partitioned into multiple bricks may be also referred to as a brick). B.¥
270 I 5 FEMPete CTUEY §A% o4 Qu"E& Ued § o, A7) CTUE2 28 YolA CTU
e Ao Add 5 9o, B5Y Ul BEES A7) 'Y 7] BEE] #Hay AoR AHHoR A
dd ¢ i, 28 IAH Ul BYES A7) A A7 BdEe] oy 271w A&Hor FHH F 3l

T}(A brick scan is a specific sequential ordering of CTUs partitioning a picture in which the CTUs are

=

ordered consecutively in CTU raster scan in a brick, bricks within a tile are ordered consecutively in
a raster scan of the bricks of the tile, and tiles in a picture are ordered consecutively in a raster
scan of the tiles of the picture). B¢ 54 Y & 2 54 g & oluy CIUESY AFZF g olth(A
tile is a rectangular region of CTUs within a particular tile column and a particular tile row in a
picture). 7] B A2 CTUES A geolar, 7] AHE @92 37 IAA 9 Folsh $d3 wol& 2,
YHl= I ggulg AE Yo Aelxs @45 odle] WAE 4 i (The tile column is a rectangular
region of CTUs having a height equal to the height of the picture and a width specified by syntax
elements in the picture parameter set). 7] E}Y 2 CTUEY AFZF ddolx, 7] A 99 I =
gy AE W] A g4Fo] ofste] AIEE YRS Ztal, Fols Y] FAAY Folok wdd & v
(The tile row is a rectangular region of CIUs having a height specified by syntax elements in the
picture parameter set and a width equal to the width of the picture). E}Yd A& IJAHE IFEIM Y=
CTUE9 54 ¢34 od¥S vebd & la, 7] ClUES B dl CIU A2 ~oz dA&Exoz HFd=
T Aa, FAH Ul BLES A7 A 7] BLdEY Hay 2o dA&How Ad" F QA tile
scan is a specific sequential ordering of CIUs partitioning a picture in which the CTUs are ordered
consecutively in CTU raster scan in a tile whereas tiles in a picture are ordered consecutively in a
raster scan of the tiles of the picture). &&te]xs A AFe BYES ¥dd & 9, 7] A
Mol BEEL 3fite] NAL 4ol x23=E 4 Juh(A slice includes an integer number of bricks of a

picture that may be exclusively contained in a single NAL unit). &gfo]l2E U9 A3 gAdE=E 1A
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2 4 i, EE sl B 3 B S AHAR] AdAd = UTH(A slice may consists of
either a number of complete tiles or only a consecutive sequence of complete bricks of one tile). ©]
A A B 253 EEtelas 849 4 k. dE B9 B TAAA] tile group/tile group headert
slice/slice header2 &2 4= U},

A (pixel) T HA(pel)S hrte] FA(H

T
i
5ot &2 'AE(sample)' o] A-E=E

= o
=) T Utk A& gl d w4 < A
ow, Ful(luma) Ao JA/FAZNS YeEbd % 3, ZA=Znk(chroma) g9 JA/FA ¢S e
TE It
Fr(unit)> G A9 712 g9E vEkd & Atk 9 A 54 o9 2 dd dF0 #HE AR
T A= e 2F8E F vt e R vt Frk £5 9 FH9 A=Zvk(ex. cb, cr) EFE 23
g 4 k. FHL A9l metA &5 (block) e F9(area) 59 &ojot 835t AH8d = U, LubA
Ql A9, MxN EF2 Wi g7 N9 oz o]Fojx MEE(EE ME ofde]) T WE A4 (transform
coefficient) &9 HI(Ex AdoH)s X 4 .

s "

(o

O‘I T'U__}\_‘101]}\_‘1 ||/||94_ H’H_E_ “U%] i .(:)_H)_\jl‘x_‘;ll:‘l_ dﬂ% _Yé_ , "A/B""L:_‘ "A U%]/H—:-"L:_‘ B“i _6.H/_\_-]'Ej|:ﬂ7 "A, Bu_\L:—: "A
Y/EE B2 SlAEn, FsbMoR, "AB/CUE A, B R/EE C F Holx shb'g ouidth. md, A, B,

i
rir
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F Qi He/9d Amd P9 TS AFHoR dYss =Wl o]s vy
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B(filter, 260) ¥ "= (memory, 270)5 X3}ste] A2 4= . o FH-(220)= < oAF5(221) & 2
Egt dFH(222)5 Eote F . dAFLE A FH(230)= WS (transformer, 232), %A} (quantizer
233), 9UdAF3IE (dequantizer 234), WM EH-(inverse transformer, 235)E E3HE & v}, HAFLE A H
(230)2 #HFE-(subtractor, 23D)E ¢ 233t 4 Qo). 7MEE(250) & HYF(reconstructor) e 549 £
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HGE(240)E dE BEo] A4 FE(exponential Golomb), CAVLC(context—adaptive variable length coding),
CABAC(context-adaptive binary arithmetic coding) &3 #2 T d3d WHS F383 4 3y, JJE=Z
v Q3YF(240)= FAEE WE AFE 9 vy e/oluA Hlo st JRE(AZAY A"s 84
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= - =
(syntax elements)®] #t 5)< 37/ = HE 2 A3Ys £5 gu), odagdyE AR (ex. AFFE v /9%
AH)E= B EAEY A& NAL(network abstraction layer) % @9 E AS = AF"E 4= drd. A7) vy

/9% AEE ofdeeld gy MEPS), I FebrlE AE(PPS), AlAZ2~ e AE(SPS) e H
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=

last_sig_coeff_x_prefix?
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} 28 64x32 WS BEE9 A9 W1 64, H1S 320|tk. @b, last_sig_coeff_x_prefix?

a1, o] u] cRiceParam®| %k

(A3 Exe] 7t2 dol(Ee %), H1

o
A

o

cMax®o] ke,
last_sig_coeff_y_prefix® o]
(logM; << 1) - 1
(logl; << 1) - 1

tolxd= o war, 7] &7k vehl it

27F e

[e}
last_sig_coeff_x_prefix®} last_sig coeff_y_ prefix= Ew Ao
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o] W3tE 93t cMaxe] #he 11, last_sig coeff_y prefix® o]A3t= 93k cMaxe #S 971 2 4 v},

E 12 W1 HE+= HIo] 3291 A9-9] o]XstE, ofgfo] & 2= W1 H&= Hlo] 6490 459 o]xlst ==

E Uehg. 4 AAdeMds W3 B 972 7|wter EdAJE|E 2lo]X FAE (truncated Rice code)

I owvg olge] ¥ 29} #o| LastSignificantCoeffX X+ LastSignificantCoeffY2] 7ol

2 2353487] 993k last_sig coeff_x_prefix W last_sig_coeff_y_prefixe] FEt=

'11111111110'0] & 4= s3ksly] 913 m=Y=s= 111111111110 2 &= ok, ¥ 7F
=]

A=)
= T
A AS B 1Re We vake s ojXst & ¢ qln. Y] AEfEs Rl AEHoRtA =Y 4 Y

(<3

Z 1
LastSignificantCoeffXorLas codeword length of the
tSignificantCoeffY codeword
0 0 1
1 10 2
2 110 3
3 1110 4
4,5 11110 5
6, 7 111110 6
8~11 1111110 7
12~15 11111110 8
16~23 111111110 9
24~31 111111111 9
=z 2
LastSignificantCoeffXorLas codeword length of the
tSignificantCoeffY codeword
0 0 1
1 10 2
2 110 3
3 1110 4
4,5 11110 5
6, 7 111110 6
8~11 1111110 7
12~15 11111110 8
16~23 111111110 9
24~31 1111111110 10
32~47 11111111110 11
48~63 11111111111 11

shE ) A AAde] mE d3Y AX(QNERY Q3P e, (FAkstE) ¥E Algsd dg dAxE 249 4
b A = k. d dAjdA, 3Y A A 25 (A Y EF5(0B) & A W 53(TB)) Ul
(FAste) M3 AFES 20 &4 e X748 ZdE = o, o, 3y FX = 45 o ol
E 39 71AE vkl 2 HAFYE R #H$ gt s g AES A 2 3P 5 Yk
F 3
residual_coding(  x0, v0, log2TbWidth, log2TbHeight, clIdx ) { Descriptor
if( transform_skip_enabled_flag && ( cldx ! = 0 [ cu_mts_flag[ x0 ][
vOo ] = = 0 ) & ( log2TbWidth <= 2 ) && ( log2TbHeight <=
2 ))
transform_skip_flagl x0 1[ yO 1[ cldx | ae(v)
last_sig_coeff_x_prefix ae(v)
last_sig_coeff_y_prefix ae(v)
if(_last_sig coeff_x_prefix > 3 )
last_sig_coeff_x_suffix ae(v)
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if( last_sig coeff_y prefix > 3 )

last_sig_coeff_y_suffix ae(v)

log2SbSize = ( Min( log2TbWidth, log2TbHeight ) < 2 2 1 @ 2 )

numShCoeff = 1 << ( 10g2ShSize << 1)

lastScanPos = numSbCoef f

lastSubBlock = ( 1 << (_log2TbWidth + log2ThHeight - 2 #* 10g2ShSize ) ) -1

do {

if( lastScanPos = = 0 ) {
lastScanPos = numSbCoef f
lastSubBlock- -

}

lastScanPos— -

xS = DiagScanOrder[ 1log2ThWidth - 1log2ShSize ][ log2TbHeight -1log2ShSize ]

[
[ lastSubBlock 1[ 0 1]
[

yS = DiagScanOrder[ 1log2TbWidth - 10g2ShSize ][ log2TbHeight -10g2SbSize |
[ lastSubBlock 1[ 1 ]

xC = ( xS << 1og2SbSize ) + DiagScanOrder[ log2ShSize ][ log2SbSize 1l
lastScanPos ][ 0 ]

yC = ( yS << 10g2SbSize ) + DiagScanOrder[ 1o0g2SbSize ][ 1log2SbSize ][
lastScanPos ][ 1 ]

} while( ( xC != LastSignificantCoeffX ) | | (yC != LastSignificantCoeffY ) )

QState = 0

for(_ i = lastSubBlock; i >= 0; i- - ) {

startQStateSb = QState

xS = DiagScanOrder[ log2TbWidth - 1log2SbSize ][ log2TbHeight -log2SbSize |
[ lastSubBlock 1[ 0 1]

yS = DiagScanOrder[ 1og2TbWidth - 10g2ShSize ][ log2TbHeight -10g2SbSize |
[ lastSubBlock 1[ 1 ]

inferSbDcSigCoeffFlag = 0

if( (i < lastSubBlock ) & (i > 0) ) {

coded_sub_block_flag[ xS 1[ vS 1 ae(v)

inferSbDcSigCoeffFlag = 1

¥

firstSigScanPosSb = numSbCoef f

lastSigScanPosSb = -1

for(n=(1i = lastSubBlock ) ? lastScanPos - 1 : numSbCoeff -1; n >= 0; n—
) |

xC
1

( xS << log2SbSize ) + DiagScanOrder[ 1log2ShSize ][ 1log2SbSize ][ n J[ O

yC
]

( yS << 10g2SbSize ) + DiagScanOrder[ 1og2SbSize ][ 1log2SbSize 1[ n J[ 1

1f( coded_sub_block_flag[ xS 1[ yS 1 & (n > 0 | | !inferSbDcSigCoeffFlag
) ) o

sig _coeff_flag[ xC 1[ vyC ] ae(v)

i

if(_sig coeff_flag[ xC J[ vyC 1) |

par_level flag[ n ] ae(v)

rem_abs_gtl_flag[ n | ae(v)

if( lastSigScanPosSb = = -1)

lastSigScanPosSb = n

firstSigScanPosSb = n

}

AbsLevelPass1l[ xC J[ yC 1] = sig_coeff_flag[ xC ][ yC ] + par_level_flag
[ n 1+2=*remabs_gtl flagl n |

if(_dep_quant_enabled_flag )

QState = QStateTransTable[ QState ][ par_level flag[ n 1 1]

}

for( n = numShCoef f

;n >= 0; n— ) {
1)

-1
if(_rem_abs_gtl flag[ n
n ]

rem_abs_gt2_flag| ae(v)
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i

for( n = numSbCoeff - 1; n >= 0; n— ) {

xC = ( xS << 10g2SbSize ) + DiagScanOrder[ 1log2ShSize ][ log2SbSize ][ n J[ O
1

yC = ( yS << 10g2SbSize ) + DiagScanOrder[ 1og2SbSize 1[ 1og2SbSize ][ n 1[ 1
]

if(_rem_abs_gt2 flag[ n 1)

abs_remainder[ n ]

AbsLevell xC 1[ yC 1 = AbsLevelPassl[ xC 1[ yC 1+ 2 % (
rem_abs_gt2 flag[ n ] + abs_remainder[ n ] )
)i
if(_dep_quant_enabled_flag | | !sign data_hiding enabled_flag )
signHidden = 0
else

signHidden = ( lastSigScanPosSb - firstSigScanPosSb >3 ? 1 : 0)

for( n = numShCoeff - 1; n >= 0; n— ) {

xC = ( xS << 10og2SbSize ) + DiagScanOrder[ 1og2SbSize 1[ 1og2SbSize ][ n 1[ O
]

vC = ( yS << 10g2ShSize ) + DiagScanOrder[ log2SbSize ][ 1log2SbhSize I1[ n ][ 1
1

if( sig_coeff_flag[ xC 1[ yC 1 && ( !'signflidden | | (n !=
firstSigScanPosSh ) ) )
coeff_sign flag[ n ] ae(v)
}

if(_dep_quant_enabled_flag ) {

QState = startQStateSb

for( n = numShCoeff - 1; n >= 0; n—) {

xC = ( xS << log2ShSize ) + DiagScanOrder[ 1og2SbSize ][ 1log2SbSize ][ n
1[0 ]

yC = ( yS << log2SbSize ) + DiagScanOrder[ log2ShSize ][ log2SbSize ][ n
11 1]

if(_sig coeff_flag[ xC 1[ yC 1)

TransCoeffLevell x0 1[ yO I[ cldx I[ xC 1[ yC 1= ( 2 = AbsLevell
xC J[ yC 1 - (QState>1 1:0) ) = (1 - 2 * coeff_sign_flag[ n ]
)

QState = QStateTransTable[ QState ][ par_level flag[ n ] ]

} else {

sumAbsLevel = 0

for( n = numSbCoeff - 1; n >= 0; n—)

xC = ( xS << log2ShSize ) + DiagScanOrder[ 1og2SbSize ][ 1log2SbSize ][ n
1[0 ]

yC = ( yS << log2SbSize ) + DiagScanOrder[ log2ShSize ][ log2SbSize ][ n
11 1]

if(_sig coeff flag[ xC J[ vC 1 ) A

TransCoeffLevell x0 [ yO I[ cldx I[ xC 1[ yC 1 = AbsLevel[ xC
][ yC 1 % (1 -2 # coeff sign_flag[ n 1)

if(_signHidden ) {

sumAbsLevel += AbsLevell xC 1[ yC 1]

ifCCn = = firstSigScanPosSb ) && ( sumAbsLevel % 2 ) = = 1 ) )
TransCoeffLevel[ x0 1[ yO I[ cldx I[ xC 1[ yC 1 =
-TransCoeffLevel[ xO 1[ vO 1[ cldx 1[ xC J[ yC 1
}
+
}
+
}
if( cumts_flag[ x0 1[ y0 | & (cldx == 0 ) &
'transform_skip_flagl x0 1[ y0O 1[ cldx 1 && ( ( CuPredModel x0 1[ y0
] = = MODE_INTRA  &&  numSigCoeff > 2 ) | | ( CuPredMode[ xO
I yOo 1 = = MODEINTER ) ) ) {
mts_idx[ x0 J[ y0 ] ae(v)
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}
residual_coding( x0, y0, log2TbWidth, log2TbHeight, cldx ) { Descriptor
if( transform_skip_enabled_flag && ( cldx ! = 0 [ cumts_flagl x0 [

y? )] = =0 ) & ( log2TbWidth <= 2 ) & ( log2ThHeight <=
2

transform_skip_flagl x0 J[ y0O ][ cldx | ae(v)
last_sig coeff_x_prefix ae(v)
last_sig_coeff_y_prefix ae(v)
if( last_sig coeff_x_prefix >3 )

last_sig_coeff_x_suffix ae(v)
if( last_sig coeff_y prefix >3 )

last_sig_coeff_y_suffix ae(v)

10g2SbSize = ( Min( log2TbWidth, log2TbHeight ) < 2 ? 1 : 2)

numSbCoeff = 1 << ( 10g25hSize << 1)

lastScanPos = numSbCoef f

lastSubBlock = (1 << (_log2TbWidth + log2TbHeight - 2 % 10g2ShSize ) ) -1
do {

if( lastScanPos = = 0 ) {
lastScanPos = numSbCoef f
lastSubBlock- -

}

lastScanPos— -

xS = DiagScanOrder[ 1log2ThWidth - log2ShSize ][ log2TbHeight -1log2ShSize ]

[
[ lastSubBlock 1[ 0 1]
[

yS = DiagScanOrder[ 1log2TbWidth - 10g2ShSize ][ log2TbHeight -10g2SbSize |
[ lastSubBlock 1[ 1 ]

xC = ( xS << 1og2SbSize ) + DiagScanOrder[ log2ShSize ][ log2SbSize 1l
lastScanPos 1[0 ]

yC = ( yS << 10g2SbSize ) + DiagScanOrder[ 1og2SbSize ][ 1log2SbSize ][
lastScanPos ][ 1 ]

} while( ( xC != LastSignificantCoeffX ) | | (yC != LastSignificantCoeffY ) )

QState = 0

for(_ i = lastSubBlock; i >= 0; i- - ) {

startQStateSb = QState

xS = DiagScanOrder[ log2TbWidth - 1log2SbSize ][ log2TbHeight -log2SbSize |
[ lastSubBlock 1[ 0 1]

yS = DiagScanOrder[ 1og2TbWidth - 1o0g2ShSize ][ log2TbHeight -10g2SbSize |
[ lastSubBlock 1[ 1 ]

inferSbDcSigCoeffFlag = 0

if( (i < lastSubBlock ) & (i > 0) ) {

coded_sub_block_flag[ xS 1[ vS 1 ae(v)

inferSbDcSigCoeffFlag = 1

¥

firstSigScanPosSb = numSbCoef f

lastSigScanPosSb = -1

for( n=(C1 = = lastSubBlock ) ? lastScanPos - 1 : numSbCoeff -1; n >= O0; n—
) |
xC = ( xS << 1og2SbSize ) + DiagScanOrder[ log2ShSize ][ log2SbSize J[ n J[ O
1
yC = ( yS << 10g2SbSize ) + DiagScanOrder[ 1og2SbSize 1[ 1og2SbSize ][ n 1[ 1
]
1f( coded_sub_block_flag[ xS 1[ yS 1 & (n > 0 | | !inferSbDcSigCoeffFlag
) ) o
sig _coeff_flag[ xC 1[ vyC ] ae(v)
}
if(_sig coeff flag[ xC J[ vyC 1) |
par_level flag[ n ] ae(v)
rem_abs_gtl_flag[ n | ae(v)
if( lastSigScanPosSb = = -1)

lastSigScanPosSb = n
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firstSigScanPosSb = n

}

AbsLevelPass1l[ xC 1[ yC 1] = sig_coeff_flag[ xC J[ yC ] + par_level_flag
[ n 1+2=*remabs_gtl flagl n |

if(_dep_quant_enabled_flag )

QState = QStateTransTable[ QState ][ par_level flag[ n 1 1]

}

for( n = numShCoef f

;n >= 0; n— ) {
1)

-1
if(_rem_abs_gtl flag[ n
n ]

rem_abs_gt2_flag| ae(v)
)i
for( n = numShCoeff - 1; n >= 0; n— ) {
xC = ( xS << 10og2SbSize ) + DiagScanOrder[ 1og2SbSize 1[ 1og2SbSize ][ n 1[ O
]
vC = ( yS << 10g2ShSize ) + DiagScanOrder[ log2SbSize ][ 1log2ShSize I1[ n J[ 1
1
if(_rem_abs_gt2 flag[ n 1)
abs_remainder[ n |
AbsLevel[ xC 1[ yC ] = AbsLevelPassl[ xC J[ yC ]+ 2 % (
rem_abs_gt2_flag[ n ] + abs_remainder[ n ] )
}
if( dep_quant_enabled _flag | | !sign data_hiding_enabled flag )
signlidden = 0
else
signllidden = ( lastSigScanPosSb - firstSigScanPosSh >3 ? 1 : 0)
for( n = numSbCoeff - 1; n >= 0; n— ) {
xC = ( xS << 10g2SbSize ) + DiagScanOrder[ 1log2ShSize ][ log2SbSize ][ n J[ O
1
yC = ( yS << 10g2SbSize ) + DiagScanOrder[ 1log2SbSize ][ 1og2ShSize [ n ][ 1
]
if( sig_coeff_flagl xC 1[ yC 1 && ( !signflidden | | (n !=
firstSigScanPosSh ) ) )
coeff_sign flag[ n ] ae(v)
}

if(_dep_quant_enabled_flag ) {

QState = startQStateSh

for( n = numShbCoeff - 1; n >= 0; n—- xC = ( xS << log2ShSize ) +
DiagScanOrder[ 1o0g2SbSize 1[ 10g2SbSize 1[ n 1[ 0 ]
yC = ( yS << log2SbSize ) + DiagScanOrder[ log2ShSize ][ log2SbSize ][ n

11 ]

if(_ sig coeff_flagl xC 1[ yC 1)

TransCoeffLevell x0 1[ yO I[ cldx I[ xC 1[ yC 1= ( 2 = AbsLevell
xC J[ yC 1 - (QState>1 1:0) ) = (1 - 2 * coeff_sign_flag[ n ]

QState = QStateTransTable[ QState ][ par_level flag[ n ] ]

} else {

sumAbsLevel = 0

for( n = numSbCoeff - 1; n >= 0; n—-

xC = ( xS << log2ShSize ) + DiagScanOrder[ 1og2SbSize ][ 1log2SbSize ][ n
1[0 ]

yC = ( yS << log2SbSize ) + DiagScanOrder[ log2ShSize ][ log2SbSize ][ n
11 1]

if(_sig coeff flag[ xC J[ vC 1 ) A

TransCoeffLevell x0 1[ yO I[ cldx I[ xC 1[ yC 1 = AbsLevel[ xC
][ yC 1% (1 -2 = coeff sign_flag[ n 1)

if(_signHidden ) {

sumAbsLevel += AbsLevell xC 1[ yC 1]

if( (n = = firstSigScanPosSb ) && ( sumAbsLevel % 2 )

TransCoeffLevell x0 1[ yO I[ cldx I[ xC 1[ yC 1 =
—TransCoeffLevel[ x0 1[ y0 1[ cldx 1[ xC 1[ yC ]

}
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+
}
+
}
if( cuumts_flagl x0 I[ yO 1 & ( cld&x = = 0 ) &
'transform_skip_flagl x0 1[ yO 1[ cldx 1 & ( ( CuPredMode[ x0 1[ y0
] = = MODE_INTRA  &&  numSigCoeff > 2 ) | | ( CuPredMode[ x0O
I yOo 1 = = MODEINTER ) ) ) {
mts_idx[ x0 [ y0 ] ae(v)
+
A7 & 3004 vebd vlel o] | last_sig_coeff_x_prefix®] ko] 3wt} & 4% last_sig coeff_x_suffix7}
o Alag"E 4= o, A7) last_sig coeff_x_suffix®] #ES ] © 2 LastSignificantCoeffX7} &% 4=
9th. 9= Eo, LastSignificantCoeffXe] gro] 32~47¢1 A$-E R 33lsl7] Y3t last_sig coeff_x_prefix?]
FEE=E '11111111110'e] = S dar,  32~47  F oW o]l ARRHEA oRE A

last_sig coeff_x_suffix®] #<S 7|vte= ZAA"E 4 9oy, =3k, 7] 1% 194 Yehd upep o],
last_sig coeff_y_prefix®] Zko] 3HT} & A9 last_sig coeff_y prefix?} o Alad"g=E < 9o, A7)

LastSignificantCoeffY7} Z=&FE 4 At} d& £9,
2 R33slr] 93k last_sig coeff_x_prefix® FHEHSE=
=4 oJF = A7) last_sig coeff_y suffix®] S 7|wtoz 2

last_sig _coeff_y_suffix® Z=S 7|¥to=
LastSignificantCoeffY9] ko] 32~4721 7%
"11111111110'e) 31, 32~47 & o]wW ko] AF&
A 4 9.

LastSignificantCoeffX T LastSignificantCoeffYE E=Z3}7] Y3t FAIZ 2 ALE o & S0 olge % 4
o} o] 3= 4 9l

£ 4

The column position of the last significant coefficient in scanning order within a transform
block LastSignificantCoeffX 1is derived as follows:— If last_sig coeff_x_suffix 1is not
present, the following applies:LastSignificantCoeffX = last_sig_coeff_x_prefix— Otherwise
(last_sig coeff_x_suffix is present), the following  applies:LastSignificantCoeffX=
(1<<((last_sig_coeff_x_prefix>>1)-1)) * (2+(last_sig coeff_x_prefix&l)) +
last_sig_coeff_x_suffixThe row position of the last significant coefficient in scanning order
within a  transform block LastSignificantCoeffY is derived as follows:- If
last_sig_coeff_y_suffix 1is not present, the following applies:LastSignificantCoeffY =
last_sigcoeff_y prefix- Otherwise (last_sig coeff_y_suffix 1is present), the following
applies:LastSignificantCoeffY=(1<<((last_sig coeff_y_prefix>>1)-
1))*(2+(last_sig coeff v prefix&l))+last_sig coeff v suffix

A

FI ARYS AR EE AMAZIAZI(HDE 2 13 ESoA dA ojdo=m w2 Fi9 7
55 A=Rs d(F, 022 AAste]) Jo] WE AFE A27tR2A7(12) B A2AR37](H2) & Alsshs 2

omgirt. olwf A4 HAldeA =, ©E BEF9 AV (AFEAY] e AAEI7]) 71wk EfFAolHE
go]l~ FEE 7|Hto R o|X s} 37| Hrhe, AFH ARYE S EEFHE A 499 Ar(A2rtRar] &
= A2AEA7]) Ol 71Nk ERAOIHE glolx FEE VWO R o|REE Fste Weks 1Hs B 4 .
A27r2A71e} A2AZA7]E o] 83t last_sig coeff_x prefixE 3 cMax®} last_sig coeff_y prefixE ¢
gk cMaxE oFefe] b 3 H A 4= 77t FoJgk &, EdACHE 2o~ ZEE AT ¢ Q).

~

al
PN
T
KeN

=

[

Lo

1 3]

cMax = (logo(min(Wy, W) << 1) - 1

[

cMax = (logo(min(H;, Hy)) << 1) - 1

Lo

F4 4]

A AAGNM, AFRAY) EE AR 640la, A27hRaT] EE AR 329 W, 7] o
3 L £34 48 JNOR REHE EWAClE dols muk obde & 59 2% & Ak, nF AR
2 B, A7) AR EE ] ARG WA FAHE nFE 4B AF 9 W nF AFE
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oMzl WME AT YAABR, V19 E 63 @& oWst mEYE HAT FsT 5 duh,
R AANA, 2ok 2t wAY RO HAW 5 Ak EE W2
oh R W2 % H2E UehiE Rk dmy A 3 4 d
W29F H2= 242} 32 = 1622 AAE = du. g& ]/\]Oﬂ/ﬂ, 71 W 94— e 4z

_>.:
_V_‘,
K
oll

247 Wiel 1/2, H19) 1/2& =
=49 F k. = o2 dAlelA, 7] W29 H2= max(W1L,HD 9] 1/28 &9 F Jdrh. ok, o dAZA
A7) Weok Hew Q15w X B vaY FAoA AAR E O v el ot AA4dE Fx k. A%t
st WWS 53 LastSignificantCoeffX M+ LastSignificantCoeffY] X Ftol] tist Z=f =9 ZdolE &

HHoz Fd F Ao, Eg, oFE FI AEHe= Fost ®l(bino]l w9 F33t dlojlmz AE
(throughput) WelA o]d& 714 4 U},

Z5
LastSignificantCoeffXorLas codeword length of the
tSignificantCoeffY codeword
0 0 1
1 10 2
2 110 3
3 1110 4
4,5 11110 5
6, 7 111110 6
8~11 1111110 7
12~15 11111110 8
16~23 111111110 9
24~31 111111111 9
32~47 N/A N/A
48~63 N/A N/A
A dAJoA, & oA AHEE AAGES 7|Wo R & 7a WX % 8bollA T PAFYE ZW o] =
= 195 ANEL AoR E dd FEE AT WY EE = 114
A

3k
ok, ®HH, olo FUkste] HEE o]E  diAEtY]
(additionally or alternatively), Y& o Ao 153 A2Jo] AEH= HE S5 &) W A

S Y 20 £HE WAT & A

T 5v A5 AR
5 A, L2 ZAE l‘%—%@] DM‘%‘ 0o] ou 23
F2A71(W) 2/EEs AXZA7I(HDE Z2E ¥wd &
55 ARsst (e AZolxate]) o W AGE A27kEA7(W2) B/
AL ousi, ¥ <

H

rir

2

\]

=

i :
u

N

=
jam}

&

= =
A % 594 EE(dot) FEAIE 4x4d EE2EL aF0 A2YS B AR HE 99
e, = 504 A7) HFH 99 AT §E Al d9er, AV RE #A" 99 a5y ¥

990z 439 + A,

W2 2/mE= H2e 1A

= 2] H2v Z47F Wil 1/2 E/%+ H19 1/22 254
ST o e, A 12 BES 2 (VLD 128 ERE S g o, 471 o
AES ARl Basie], 4] Nz W/EE H2E A=y $X % gng gAA B Pus snes 44
9 4= 9t
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A7) last_sig coeff_x_prefix % last_sig_coeff_y_prefixs @A E=o] )3+ WS AFE F 00] ofd whx
u W3 Aol X o BAE Fa A ZFA AR (last significant coefficient prefix
information)d] ¥ AE el F U}, Bl FAFH O R | last_sig coeff_x_prefixs= A7 2HA2E F& A
F zygxa AR F syl xF TP A AR A JAE YEhd S Qi last_sig_coeff_y_prefixE A7)
H2E fFa Ag Zgs HE T O] yEF ZHEga AFHO A CdAE Yeld & . A
last_sig coeff_x_prefix % last_sig coeff_y_prefixoll thdt o]x 3} #}AHl A, cRiceParame] ke 0°] A&
F dg. 39 A= Y] olE  HAE Bsted 7] last_sig_coeff_x_prefix @ H
last_sig coeff_y_prefix Z}Ztol s ¥1 ~E" (bin string)S =& F Yr}. A7) olx3t Axle= AQdERY]
QTR (240) W] o3 (242) 9] 2)sle] == = Urt.

d Arde] wEwW, nF3 ARZYJo] HEHEA AFRE J|Hke R last_sig coeff_x prefix 2
last_sig_coeff_y prefix ZtZtoll thal cMax #S =& 5 Uv}h. cMaxES EEF317] 93 FAZ Q] F4Le
4ol A&3k vl Ak, A7) cMax:E last_sig coeff_x_prefix TE last_sig coeff_y_prefixol] thdk o=
A EEFeE ZEHEM 2EY) Hu ZolE uYEd F k. cMaxe #E Fole 5
last_sig_coeff_x_prefix ¥ last_sig coeff_y prefixel] W3 zmE=Qr9o Zols axxozr =Y <
gom Ay F=rs FJdozH HiEE H33) Wi(bin)o] 9 ¥3I3}(context coding) Hlol==E JA+
39 Hzl% (throughput) WelA o]H& 71d 4 3

Adxd A= 7] dARE 29 A A g5 dig dERY Jdmds FPE S SIrk(S710). A=
QA= Aed 1579 ARl HEEHE Fdd st WE AF 2AE AT £ gla, Y] 25
AZJo] HEHE Jdol k= coded_sub_block _flags AIZHEA &S 4= vk, =, d3y FAE= dA
TE Y (e HEZEY)S AT dolA, aFa Amde] AgEe Fod fAske B EF
o] thal Al A~ Q2 coded_sub_block flagE ET&A XS 4 v}, dzmy AXE 153 A|RYo] ALy XA
R FY, S AT HE AF Jd(EE AT 13 AlF d9)o] distedTt coded_sub_block_flagE 1=
st HAFE Y AHA(EE HEZER)Y XA F Qrt. olF T, dAwE IWd FTEHE HE
7 Az Q.

L

Q179 Zx]+= CABAC (context—adaptive arithmetic coding) H+ CAVLC (context-adaptive variable length
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HEXEZ ¥3tE 4 Qlty, 7] dERY 7Y dxE JERY A3 F(240) U9
deEzy A=Y ARael Cad FdE 5 A Av] MEAERES 4Ed de 2ol
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The column position of the last significant coefficient in scanning order within a transform
block LastSignificantCoeffX 1is derived as follows:— If last_sig coeff_x_suffix 1is not
present, the following applies:LastSignificantCoeffX = last_sig_coeff_x_prefix— Otherwise
(last_sig coeff_x_suffix is present), the following  applies:LastSignificantCoeffX=
(1<<((last_sig_coeff_x_prefix>>1)-1)) * (2+(last_sig coeff_x_prefix&l)) +
last_sig_coeff_x_suffixThe row position of the last significant coefficient in scanning order
within a  transform block LastSignificantCoeffY is derived as follows:- If
last_sig_coeff_y_suffix 1is not present, the following applies:LastSignificantCoeffY =
last_sigcoeff_y prefix- Otherwise (last_sig coeff_y_suffix 1is present), the following
applies:LastSignificantCoeffY=(1<<((last_sig coeff_y_prefix>>1)-
1))*(2+(last_sig coeff v prefix&l))+last_sig coeff v suffix

¥ 6914 LastSignificantCoeffX= @A (HZ) &5 d 0] obd wx Fa A9 x5 HA
LastSignificantCoef fY&= Al (H2F) &F o] 00] ol w9 F& AlF9] yF HAAE vERd

A7) REAEZY L A3t nlel 7o last_sig coeff_x prefix % last_sig coeff_y_prefixel] o3k AWES X
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Abstract

In this proposal, the binarization of last significant coefficient position is modified to reduce the
maximum number of context coded bins. Specifically, the number of context coded bins for large block
(i.e., 64X64, 64XN, NX64) in worst case scenario is reduced from 11 to 9. Experimental results show
0.01%, 0%, and -0.02% BD-rate reductions on Y, Cb, and Cr components, respectively, compared to VIM3.0
in all-intra configuration, and 0.01%, -0.01%, and -0.01% BD-rate reductions in random access
configuration.

1 Introduction

It is known that large block partitions typically present less residuals and the energy is more
concentrated in low-frequency coefficients in the transform domain. In VIM3.0 [1], high frequency
transform coefficients are zeroed out for the transform blocks with size (width or height, or both
width and height) equal to 64. Thus, for a W X H transform block, where W indicates the block width
and H the block height, only the top-left (W == 64 ? 32 : W) XX (H == 64 ? 32 : H) transform
coefficients are retained.

In [1], the prefix last_sig coeff_x_prefix and last_sig coeff_y_prefix are both context coded using
truncated Rice binarization with cMax = (log2TbSize << 1) - 1. Here, if the syntax element to be
parsed is last_sig coeff_x_prefix, 1og2TbhSize is set equal to log2TbWidth and otherwise, log2TbSize is
set equal to log2TbHeight. That is, the maximum possible magnitude is determined by the transform
block width or height. In the worst case scenario, the number of the bins that use context modelling
is equal to 11. 3% 7 shows the binarization for W =64 or H = 64 in VIM3.0, wherein X means O or 1.

Z7
Magnitude of last last_sig coeff x_prefixorlast_s |last_sig coeff _x_suffixorlast_s
position component I'g_)coef f_y_prefix(context coded | ig_coeff_y_suffix(bypass bin)
bin
0 0
1 10
2 110
3 1110
4,5 11110 X
6, 7 111110 X
8~11 1111110 XX
12~15 11111110 XX
16~23 111111110 XXX
24~31 1111111110 XXX
32~47 11111111110 XXXX
48~63 11111111111 XXXX
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2. Proposed methodThis contribution is proposed on top of JVET-M0250 [2]. In the proposed method,
whether the current coefficient group belongs to the high-frequency zeroing region is checked. Using
this information, the unnecessary coded_sub_block_flag (CSBF) coding for the high-frequency zeroing

region can be skipped.

In one embodiment, CSBF coding method considering the high-frequency zeroing region may be proposed.
If a first condition for Last or first coefficient group is satisfied, the value of CSBF may be
inferred to 1. If the first condition for last or first coefficient group is not satisfied, a second
condition for high-frequency zeroing region is checked. If the second condition for high-frequency
zeroing region is satisfied, there is no CSBF coding. If the second condition for high-frequency

zeroing 1s not satisfied, context index is derived and CSBF coding is performed.

A last position coding scheme is proposed for large block-size transforms. Compared to VIM3.0, the
proposed coding scheme uses less context coded bins in the worst case scenario. The codeword in the
proposed scheme still starts with a truncated Rice code and followed by a fixed length code. After
high-frequency zeroing, for a WXH transform block, only the top-left min(W, 32) X min(H, 32)
transform coefficients are kept. Thus, the maximum possible codeword length of the prefix

last_sig_coeff_x_prefix or last_sig_coeff_y_prefix is derived as:
cMax = (min(log2ThSize, 5) << 1) - 1.

3% 8 shows the binarization for W = 64 or H = 64, wherein X means O or 1. Here, the different parts

are emphasized.

# 8
Magnitude of last last_sig coeff_x_prefixorlast_s|last_sig coeff x_suffixorlast_s
position component fg;foeff;y;preffx(context coded | ig_coeff_y_suffix(bypass bin)
bin
0 0
1 10
2 110
3 1110
4, 5 11110 X
6, 7 111110 X
8~11 1111110 XX
12~15 11111110 XX
16~23 111111110 XXX
24~31 111111111 XXX
32~47 N/A N/A
48~63 N/A N/A
#Z9
Magnitude of last VIM3.0 Proposed method
position component
0 1 1
1 2 2
2 3 3
3 4 4
4, 5 5 5
6, 7 6 6
8~11 7 7
12~15 8 8
16~23 9 9
24~31 10 9
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32~47 11 N/A
48~63 11 N/A

X 9 shows comparison of codeword length for the prefix (context coded bins) when W = 64 or H = 64 and
VIM3.0. The context coded bins can be as long as 9 in the proposed method, while it is up to 11 bins
in VIM3.0. Note that when the magnitude of the last position component in the range of 24-31, the
number of context coded bins is reduced from 10 to 9. 3. Experimental results

The proposed method has been implemented on the VIM3.0 software. The simulations were performed
following the common test conditions defined in JVET-L1010 [3]. In every case, the anchor is the
VIM3.0 software. Encoding time and decoding time come from the cross—-check results [4]. X 10 shows
Experimental results for all-intra (AI) test condition; anchor is VIM3.0.

£ 10
All Intra MainlQ
Over VIM-3.0
Y U V EncT DecT
Class Al 0.03% -0.07% 0.03% 100% 101%
Class A2 0.02% 0.00% -0.03% 100% 100%
Class B 0.01% 0.05% -0.02% 100% 102%
Class C 0.00% 0.01% -0.03% 100% 101%
Class E 0.02% -0.02% -0.03% 100% 99%
Overall 0.01% 0.00% -0.02% 100% 101%
Class D 0.00% 0.01% -0.01% 100% 100%
Class F -0.01% 0.03% 0.02% 100% 99%

3 11 shows Experimental results for random-access (RA) test condition; anchor is VIM3.0.

M 11
Random access MainlQ
Over VIM-3.0

Y U V EncT DecT
Class Al 0.05% -0.09% 0.00%
Class A2 0.01% 0.07% 0.03%
Class B -0.01% -0.02% =0.04% 100% 100%
Class C 0.00% 0.02% -0.01% 99% 100%
Class E
Overall 0.01% -0.01% -0.01%
Class D 0.00% 0.03% 0.06% 100% 100%
Class F -0.01% -0.03% -0.07% 100% 99%
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[0205] 5. Patent rights declaration(s)

[0206] LG Electronics Inc. may have current or pending patent rights relating to the technology described in
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non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation
ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing
declaration form).

[0207] 6. Specification
¥ 12
[0208] residual_coding( x0, vO, log2TbWidth, log2TbHeight, clIdx ) { Descriptor
if( transform_skip_enabled_flag && ( cIdx ! = 0 [ tu_mts_flagl x0 ][
yvo 1 = = 0 ) & ( log2TbWidth <= 2 ) & ( log2TbHeight <=
2 ))
transform_skip_flagl x0 J[ y0 1[ cldx 1 ae(v)
last_sig _coeff_x_prefix ae(v)
last_sig_coeff_y prefix ae(v)
if( last_sig coeff x prefix >3 )
last_sig_coeff x_suffix ae(v)
if(_last_sig coeff_y prefix >3 )
last_sig_coeff_y_suffix ae(v)

log25bSize = ( Min( log2TbWidth, log2TbHeight ) < 2 ? 1 : 2 )
numShCoeff = 1 << ( 1og2SbhSize << 1)
lastScanPos = numSbCoef f
log2ThWidth = Min( log2TbWidth, 5 )
log2ThHeight = Min( log2TbHeight, 5 )
lastSubBlock = ( 1 << ( log2TbWidth + log2TbHeight - 2 =* 10g2SbSize ) )
-1
do {
if( lastScanPos = = 0 ) {
lastScanPos = numSbCoef f
lastSubBlock- -
}
lastScanPos— -

xS = DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2ShSize |
[ lastSubBlock 1[ 0 ]
[

yS = DiagScanOrder[ log2TbWidth - 1o0g2SbSize ][ log2TbHeight -1log2SbSize |
[ lastSubBlock 1[ 1 ]

xC = ( xS << 10g2ShSize ) + DiagScanOrder[ log2ShSize ][ log2SbSize ][
lastScanPos ][ 0 ]

yC = ( yS << 10g2SbhSize ) + DiagScanOrder[ 1log2ShSize ][ 1og2SbhSize ]I
lastScanPos ][ 1 ]

} whileC ( xC != LastSignificantCoeffX ) | | (yC != LastSignificantCoeffY ) )
numSigCoeff = 0
QState = 0
for( i = lastSubBlock; i >= 0; i- - ) {
startQStateSb = QState

xS = DiagScanOrder[ log2TbWidth - 10g2SbSize ][ log2TbHeight -1log2SbSize |
[ lastSubBlock 1[ 0 |

yS = DiagScanOrder[ log2TbWidth - log2ShSize ][ log2ThHeight -log2SbSize |
[ lastSubBlock 1[ 1 ]

inferSbDcSigCoeffFlag = 0

if( (i < lastSubBlock ) & (i > 0) ) {
coded_sub_block_flagl xS J[ yS 1 ae(v)
inferSbDcSigCoeffFlag = 1
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}
firstSigScanPosSb = numShCoef f
lastSigScanPosSb = -1
remBinsPassl = ( 10g2ShSize <2 ?2 6 : 28 )
remBinsPass2 = ( 10g2ShSize < 2?2 2 : 4 )
firstPosMode0 = (i = = lastSubBlock ? lastScanPos - 1 : numSbCoeff -1 )
firstPosModel = -1
firstPosMode2 = -1
for(n=(Ci = = firstPosMode0; n >= 0 && remBinsPassl >= 3; n- - ) {
x? = ( xS << 10g2SbSize ) + DiagScanOrder[ 1log2SbSize 1[ 1og2SbSize 1[ n 1l
0
y% = (yS << 10g2SbSize ) + DiagScanOrder[ log2SbSize ][ 1log2SbSize 1[ n 1[
1
if( coded_sub_block_flag[ xS 1[ yS ] & (n > 0 | |
'inferSbDcSigCoeffFlag ) ) {
sig_coeff_flagl xC 1[ vC 1 ae(v)
remBinsPass1- -
if(_sig coeff_flag[ xC 1[ yC 1)
inferSbDcSigCoeffFlag = 0
}
if(_sig coeff flagl[ xC 1[ yC 1) |
numSigCoef f++
abs_level _gtl flag[ n | ae(v)
remBinsPass1- -
if(_abs_level gtl flagl n ] ) {
par_level flag[ n ] ae(v)
remBinsPass1- -
if(_remBinsPass2 > 0 ) {
remBinsPass2- -
if(_remBinsPass2 = = 0 )
firstPosModel =n - 1
}
}
if( lastSigScanPosSb = = -1)
lastSigScanPosSb = n
firstSigScanPosSb = n
}
AbsLevelPass1[ xC I[ yC ] = sig_coeff_flagl xC J[ yC 1+
par_level flagl n ] + abs level gtl flag[ n |
if(_dep_quant_enabled_flag )
QState = QStateTransTable[ QState 1[ AbsLevelPassl[ xC J[ yC 1 &1 ]
if( remBinsPassl < 3 )
firstPosMode2 =n - 1
}
if(_firstPosModel < firstPosMode2 )
firstPosModel = firstPosMode2
for( n = numShCoeff - 1; n >= firstPosMode2; n—— )
if(_abs_level_gtl flagl n 1)
abs_level gt3 flag[ n ] ae(v)
for( n = numShCoeff - 1; n >= firstPosModel; n— ) {
x% = ( xS << 10g2SbSize ) + DiagScanOrder[ log2SbSize ][ 1log2SbSize 1[ n 1[
0
y? = ( yS << 10g2SbSize ) + DiagScanOrder[ 1log2SbSize 1[ 1og2SbSize 1[ n 1l
1
if(_abs_level gt3_flagl n 1)
abs_remainder[ n | ae(v)
AbsLevel[ xC ][ yC 1 = AbsLevelPassl[ xC 1[ yC 1 + 2% (
abs_level gt3 flag[ n ] + abs remainder[ n 1)
}
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for( n = firstPosModel; n > firstPosMode2; n- - ) {

xC = ( xS << 10g2SbSize ) + DiagScanOrder[ 1log2SbSize 1[ 1og2SbSize 1[ n ][
0 |

yC = ( yS << log2SbhSize ) + DiagScanOrder[ log2SbSize ][ 1log2SbSize 1[ n 1[
1]

if(_abs_level gtl flag[ n 1)

abs_remainder[ n ] ae(v)

AbsLevel[ xC J[ yC 1 = AbsLevelPassl[ xC 1[ yC 1 + 2 * abs_remainder[ n ]

}

for( n = firstPosMode2; n >= 0; n- - ) {

xC = ( xS << 10g2SbSize ) + DiagScanOrder[ log2SbSize ][ log2ShSize 1[ n ]I
0 ]

yC = ( yS << 10g2SbSize ) + DiagScanOrder[ 1og2SbSize J[ 1og2SbSize ][ n ]I
1 1]

dec_abs_level[ n ] ae(v)

if(AbsLevel[ xC J[ yC 1>0)

firstSigScanPosSb = n

if( dep_quant_enabled_flag )

QState = QStateTransTable[ QState ][ AbsLevell[ xC 1[ yC ] & 1 ]

+

if( dep_quant_enabled flag | | !sign data hiding enabled flag )
signHidden = 0

else

signHidden = ( lastSigScanPosSb - firstSigScanPosSbh >3 ? 1 : 0)

for( n = numSbCoeff - 1;n >= 0; n— ) {

xC = ( xS << 10g2SbSize ) + DiagScanOrder[ 1log2SbSize ][ 1og2SbSize 1[ n ][
0 |

yC = ( yS << log2SbhSize ) + DiagScanOrder[ 1log2SbSize ][ 1og2SbSize 1[ n 1[
1]

if( sig coeff_flagl xC ][ yC ] & ( !signHidden | | (n !=
firstSigScanPosSb ) ) )
coeff _sign flag[ n | ae(v)
}

if(_dep_quant_enabled_flag ) {

QState = startQStateSb

for( n = numSbCoeff - 1; n >= 0; n— ) {

xC = ( xS << 1og2SbSize ) + DiagScanOrder[ 1log2ShSize 1[ 1og2SbhSize ]I
n J[ 0 |

yC = ( yS << log2ShSize ) + DiagScanOrder[ log2ShSize ][ log2SbSize ][

n [ 1 ]

if(_sig coeff_flag[ xC 1[ vyC 1)

TransCoeffLevell x0O 1[ yO [ cldx I[ xC I[ yC 1= ( 2 = AbsLevel[
xC I[ yC 1 - (QState>1 1:0) ) = (1 - 2= coeff_sign flag[ n ]
)

QState = QStateTransTable[ QState ][ par_level flag[ n ] ]

} else {

sumAbsLevel = 0

for( n = numSbCoeff - 1; n >= 0; n—) {

xC = ( xS << log2SbSize ) + DiagScanOrder[ 1log2ShSize ][ 1og2SbhSize ]I
n J[ 0 |

yC = ( yS << log2ShSize ) + DiagScanOrder[ 1log2ShSize ][ log2SbSize ][
n J[ 1 ]

if(_sig coeff flag[ xC J[ yC 1 ) {

TransCoeffLevell x0 1[ yO 1[ cldx I[ xC 1[ yC 1 = AbsLevel[ xC
1L yC 1 (1 -2 coeff sign flag[ n 1)

if(_signHidden ) {

sumAbsLevel += AbsLevell xC 1[ vyC 1]

ifC (n = = firstSigScanPosSb ) && ( sumAbsLevel % 2 ) = = 1 ) )

TransCoeffLevell x0 1[ yO 1[ cldx I[ xC 1[ yC 1 =
-TransCoefflevel[ x0 1[ v0 1[ cIdx J[ xC 1[ vC 1

}
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}
}
}
}
if( tumts flag[ x0 J[ y0O ] & ( cldx == 0 ) )
mts_idx[ x0 J[ yO ][ cldx ] ae(v)
}

last_sig_coeff_x_prefix specifies the prefix of the column position of the last significant
coefficient in scanning order within a transform block. The values of last_sig coeff_x_prefix shall be
in the range of 0 to ( Min( log2TbWidth, 5 ) << 1) 1, inclusive.last_sig coeff_y_prefix
specifies the prefix of the row position of the last significant coefficient in scanning order within
a transform block. The values of last_sig coeff_y prefix shall be in the range of 0 to ( Min(
log2ThHeight, 5 ) << 1) 1, inclusive.

3 13 below shows syntax elements and associated binarizations.

* 13
Svmtax siructore Evmtax element Binarization
Process Tnpest paramsters
tile sroup datal ) end_of tile group faz FL ehdax=1
coding free umit(§ | alf efh fagf J{I[] FL ehfax=1
zand 3 zao_marze boft flag FL ehdan =1
zan_merge vy flaz FL ehfax=1
sa0_type s huma TR ebdan = 2, eRicaParam =
sao_type wds s TR elfan = 2, cBicsParam =
sa0_offset bl TH ] TR gﬁ;ﬁ;i}ﬂido { Dolin{ batDepth, 103 -3)3~1,
sao_offiet sizn[ 13 FL ehfax=1
san_band positical ] ) ] FL el =31
za0_go_siasy homa FL vl =3
zan_eo_olass chroms FL elifar =3
codimg_quadtres(} | gt spht e flag[ ][] FL ehfax=1
mulfl_fype feeel() | ett split cu flag FL eMan=1
it split_eu_vertical flag FL ehdar=1
mtt_split eu binary_fag FL ehdan=1
eoding amit() ox_skip flaz[ 1] FL ebarn =1
pred_mode flag FL chdan=1
pem_flag[ 3] FL ehdax=1
fntra luma yef jdwf ¥ ] TR edan = 1, cRiceParam = {
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instra_luma mpm_flaz] 3 FL chfam =1
intra_luma_pm_idef ¥ ] T8, cdfax = §, cRiceParam =1
intra_luma_mpm,_remzindee] {1 | TB chfax =60
intra_chroma_pred_mode[ 1] 8537
merge Sagf ] FL adax=1
nster_pred idef w0 3[ v0 1 93538 | bWidth, cbHeight
inter_affine flag] I[ ] FL efax=1
ex affine type flag{ ][] FL =1
zof idx WL TR ahfan = pum_ref sde ¥ asctive mimus], cRiceParam =0
newvp M0 Bagf ) § FL =1
ref_ids 1M1 T8 ez = mam_ref idx 1}_active_suinus], eRiceParam =0
mp 13 Sagf )7 FL edax=1
avmr_flag] 1§ ] FL ehflan =1
amvr_dpel fag )] FL e =1
goi_idnf I ] TR olfax = NoBackwardPredFiag 7 4: 2
ou_ebf FL da =1
fu_chf ar[ {1 FL cMam=1
cn_gp_delta_shs 9535 | -
on_gp_deits mign Rag FL chfag=1
tu_wats flag{ JF] FL eMax=1
residual_coding( ¥ tranefinn,_shop_fag] I 1] FL chfa=1
last_sig_coeff x_prefix TR cham = bl fog?ThWidth, 3% < 1)~ L cRureParam=0
fast_sig, cosff y_pwefix =’ g!x&zx= { Bimf log2 ThHeight, 5} == 1)~ 1, cRiceParam =
last_siz coeff x suffic FL edam=1 1 == {{last_sizg_coeff x prefix %> 1j~13-1)
last_sig_coeff y_suffix FL eMax=(1 << ({last_siz_coeff v prefix »> 13-13-1)
eofed_sub block Bazf 11 FL =1
sig_coeff Hagd i 1 FL chfax=1
par_level flagl} FL ehfax=1
abs_level gtl flagl ] FL ehfax =1
abs_level gt3 fag[ ] FL cMax=1
abs_yemnainder] ] BE300 | olde, murent sub-block indew £ w0 0
dee_abs_leval] ] 93311 | oldx, =l ¥0, =C, ¥C, log2 TEWidth, fog2 ThHeight
coeff_sizn flag[] FL ehfax=1
mis_idf I ] FL el =3
gt Ao, MHELS dHe B e EZoRX £ARE V2R AYya AR, B JjAE g
So) Aol @AEE AL ohm, o\ WAt 4&d vieh the wAg BE eAR Eb $Ad w4 -
ATt Ed, FARE Amel dehlleld wAEel wetdelx g, Be WAt EdEAY #A%d 5
G R 3 odel gt B AN Welel 98 mAA gn AAE 5 e oA & 9 Aol
Hed B o6l whe W sxEdel Yz TAY 4 gon, B el me dmy A B/EE o
£ odE Bol IV, AFE, AEE, AFvs, UxFdel 41 5o 9% AYE At 4N =
o]
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[0218]

[0219]

[0220]

[0221]

[0222]

[0223]

[0224]

[0225]
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ATk, EES wRee] AFE L, ZAX o5 Ha= Atk WREE TRAM P E=
= oAa, A AR gkt ‘F"/‘roi Z2AAe} ddd }JDP. X2 A4 ASIC(application-
specific integrated circuit), th& A, =g 32 9/E& do|H ﬂ?/] FA5 g 5 o). wRHEE
ROM(read-only memory), RAM(random access memory), =&+l wl=Ee], Wi 7t=, AF A L/E= o2 A
T AAE ZFE oAk, S, B2 A AR AAES ZEAA, ulo]laR ZRAA, HEEY e
H oA FdHo] FdE ¢ Ak, dE 5o, 4 EH T HES HAFH, ZEAA, "ol
2 ZrAA, AEEY Ee F oA FdE Fdd £ k. o] A 7AS 913 HH(ex. information
on instructions) Hv &igFo] tAY A% wjAld Add F

A =
w3, 2 AT AL E d3ad A 2 Jd3Y A "ERYo] WE F54 A, Hutd B4 v, &
Adlwl vt Q. Fx], X" Aldlel vt AX], AE FhdlEr, viYe digk A, HY e SAld g2 A4
b S AA, BEutd 2T X, A4 wiA, B3y, 58 v Y 2(VoD) AH|2 AlE FA], OTT HH %
(Over the top video) &x|, SIEYl 2EgW AMu|x Ad &=, 3x4(3D) H|t]2 ], VR(virtual reality)

ES J 4]

%], AR(argumente reality) % il Py ds vge AA, +F T %”‘ (ex. AFAETFTIAH 23 &
o ovje)y] v Muk gk ) 2 988 HYQ AR Gl 3= 4 low ) nYe Ad Ee o

= A&y e A1g=E & 915}. dE So], OIT Ht]L (Over the top v1deo) AAE2E A 2%,
Zgolo], QB HE TV, EA]ojg A|A®E ~ulEE &2 PC, DVR(Digital Video Recoder) &

e
i)
2o
o 1.0{,

A
b
%t
e o

(<3

B A7 AeHs e e AFEHZ Adys 2o deE AE 4 9o AFE7 B
] o A= 4 gr. B AAd w2 golE T22 X HEnto] dolEE w3l

A7l AFE7E 358 Qe 715 Al AFEE

A8 LTI, A7) AFE}F BET 5

2~(USB), ROM, PROM, EPROM, EEPROM, RAM, CD-

Ag TFT £ vk E£9, 97 AFEL 45T

el 7AE vdelE £, =@, a

= ¥
Aol AFEHAAY 74 B4 MEYSAE &
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[0226] 7] ApEAE A9 d2ZE, FUE, ~ntE E(smart phone), =EX ZAFFE (laptop computer), TIXEW4&
wt7] . PDA(personal digital assistants), PMP(portable multimedia player), Ul®]Ale]A, ZdolE

PC(slate PC), EiE-3 PC(tablet PC), &E=z}S(ultrabook), folelE tlulo]X(wearable device, d& &
A8 @27 (smartwatch), 223 ©&27] (smart glass), HMD(head mounted display)), ©XE TV, ©lx

HA4
A% AIFE, A" AtelyA Fol e 4 st

[0227] A7) A= ~EY A] Ay 7F A
A

=z

Se B AN e9dd & gom, o 4% 7 AnedA 228

~
J
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RECEIVE
DEVICE

RECEIVER
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\.

1
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N\
J
~
J/

SOURCE
DEVICE
. ’( TRANSMITTER

VIDEO
SOURCE
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_39_



=92
o
i
o B < o
- S 8
PR ( (
’\_lf
o oy -
o
o [=o %E _ g =i o
™ (e a = £
or! B
S ! ! A
D
o CYG d \\_/§
— T~ 5
] B R e
o3 [aN] 'C_J o=ui J
[ |
P N\,
—= Dt J »(+ L3
g -t - \ S g AN
|
%/—\V i
[aN] - T
el =
- = B
o I~ H BN
13 Cr
- EJ:
H =)
) S
jurel
s o
o o ar -
'/—\_/ H ~
S ~ &
i
1
300 1 g
|
I
B o |
ERk:
g0
Wi
LA~NT =
[aN]
;
w
)
4
)
o

_40_

SIS

10-2020-0078501



E03
et
w)
<]
W)
-y
1
e L ~=
R @
mo [ w0
W (wl o[
S~T |Po[
[85]
]
-
3
=
— 50
ch [~ 'gr‘
=] |
[ap]
-
o :
a4 7
L P9
| | |
= I
(3] } TI[‘_ "'J"H): [ap]
* W K- = N o
L or ._/"\%
F S
.
™ [re— e f
?—\T 1 1
%/—\, Eu
Yy
™ s
= a
(e
bt O
o
o
o~
B
S @
-~
R=R V]

W

H4

H>

_41_

ZIHSd 10-2020-0078501



10-2020-0078501

5

=

=

H

e
[=)

s

XXX XX
XXX X

/

X xx xx x|

-

XXX
X KX X

B
H

~ 42 -




ZIHSd 10-2020-0078501

EQ73
O| X1 3}(Binarization) - S700
1
EZm QAL - S710
=
EH7
24210
O|Fste
(242) olA Y el

HAFE Q=

oF ©O & A
OJEEEI Ol_l——T'—EI (Dl-xl_l 'IT-Q- 7:"_|_

0| XIz}(Binarization)

!

o oIkl My mah
X‘IEl—'?'— ‘I"l | oE _—llj—_I:I)
(244)
AEZm Qlags
—— S800
—~S810

_43_



10-2020-0078501

NS4

e
[=)

EH8h

310

ST

(312)
EEEEEE]

SEES
(314)

B
H

N

2 2 8 g
()] m (o)} (o))
(V] wn (Va) w
g o
K o
o I I
ol ujn H
=0 ™
Ul Oom| |<- +_A.+___= RO
m___ ) |= 1l
2 _””m___ <F &l ojr = =“__u_m_=
< —
o o M____._ o RO
UE Mall |z =] |um
K UE g ] R b ¢ OW
En K - © % T ug
= TR (3lE K
o ol R |w=s
i fol = — T Gl
= o o —
=) —mr wo 1 ] =
Mr S K < g (o)
I ™~ 30 101 J00
T mr—| |_..© =
3 IRE X H
= — ._OL = o)
14 = 80

Kfo

— 44 -



0
w|
<|
w|
T
HIFH~F
My oo N
wl ™
a4 ol
IF ~™
'|_6‘T Al
K
o0

Al
[
ol
ol
- [ &
=l
N0

KO
o
™
ol

_45_

ZIHSd 10-2020-0078501



10-2020-0078501

5

=

=

H

e
[=)

——S51100

—~S1110

——S1130

{
340

N3

0l

]

<3

Hr K

I (H
H = o
3o0 3B Ui
My <+
S 0| ™
il 7 o7

= K

0o oju
KUl
o Al
o<

Tl an
aruE
Ul /o
A
=TT
E
B mr
l il
K=
H Bl

{
322

{
321

310

E9]11

EH]12

KO
a0
™

_46_



ZIHSd 10-2020-0078501

WEE
7 30 /7 2}

i1 A H

= =
1o o
B3 %A
n- -
oF oF

_47_



	문서
	서지사항
	요 약
	청구범위
	발명의 설명
	기 술 분 야
	배 경 기 술
	발명의 내용
	해결하려는 과제
	과제의 해결 수단
	발명의 효과

	도면의 간단한 설명
	발명을 실시하기 위한 구체적인 내용

	도면
	도면1
	도면2
	도면3
	도면4
	도면5
	도면6
	도면7a
	도면7b
	도면8a
	도면8b
	도면9
	도면10
	도면11
	도면12
	도면13




문서
서지사항 1
요 약 1
청구범위 3
발명의 설명 5
 기 술 분 야 6
 배 경 기 술 6
 발명의 내용 6
  해결하려는 과제 6
  과제의 해결 수단 6
  발명의 효과 7
 도면의 간단한 설명 8
 발명을 실시하기 위한 구체적인 내용 8
도면 8
 도면1 39
 도면2 40
 도면3 41
 도면4 41
 도면5 42
 도면6 42
 도면7a 43
 도면7b 43
 도면8a 43
 도면8b 44
 도면9 44
 도면10 45
 도면11 46
 도면12 46
 도면13 47
