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smaller than or equal to maximum transform block size
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equal to maximum transform block size
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(57) Abstract: An image decoding method performed by a decoding device according to the present document is characterized by
including: a step for determining whether the width and height of the current block are smaller than or equal to a maximum transform
block size; a step for acquiring a Block-based Delta Pulse Code Modulation (BDPCM) flag, which indicates whether to apply BDPCM
to the current block, when the width and height are smaller than or equal to the maximum transform block size; a step for acquiring a
BDPCM direction flag that indicates a prediction direction for the current block on the basis of the BDPCM flag; a step for deriving
prediction samples of the current block on the basis of an intra-prediction mode derived on the basis of the BDPCM direction flag; and
a step for deriving recovered samples of the current block on the basis of the prediction samples.
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[34] o] -A = H Y /G4 Aol gk Zlolt}. o & ol Aol A 7 A
HHH A AT o] = VVC (versatile video coding) 355, EVC (essential video coding)
¥, AV1 (AOMedia Video 1) 3£, AVS2 (2nd generation of audio video coding
standard) B=-5= ZFA| O H| U] @/ F W F(ex. H.267 or H.268 &)l 7RA] ¥ +=
wpgol 488 4 glu,

FUM

[35] o] EA oA = BIY 2/ o] #gohsgt A Ao &S A Al e, &
Aol 9l B A A a5 8 AR £eEo] 4 S 5l

[36] o] -4 ol A HIH] Q. (video)= Al (ko] B 5ol whE Lol /% (image) =9
e ou e = vt I A (picture)= AW o2 574 A7t o shite] &

UEN &= @9 & 2 v}, A H T A (subpicture)/& 2} ] 2x(slice)/EF A (tile) =
2o ol A FH 9| ARE FASH B9l otk A 1.3 A & eho] 2/ehel e
SFu} 0] /d-9] CTU(coding tree unit)-S E3HsE 5= T}, shubo] 2 X &= sk o] /49
A8 ol 2R A - ek el S ek ol ] B
QgoR A 5 Aok hie B 1§ s oo BHAES T
gith, 222 )4 W ebel ool CTU W] AL7 992 vebd 4 9k
brick may represent a rectangular region of CTU rows within a tile in a picture).
Hae tre] vl SR s A E F 9la, 4 1S 4] 6l ) sh

ol 49 CTU A== 744 5= A THA tile may be partitioned into multiple bricks,
each of which consisting of one or more CTU rows within the tile). TF¢] BH &=
SFEIA Y H A & B & gk Bl o7 B 4= QIT(A tile that is not
partitioned into multiple bricks may be also referred to as a brick). B ¥ Z~71-&
.JJ;QEJ].Q}\%HO],{_CTUE/] E7<46L ;(].ZJ OIjFL]O 14_]:/]_1413,: 9_
CTUS 2 B8 oA CTU H2~F =2 AEhd 4= Q5L Bl Ul B 52
A7) Bl ¢ /\1—7] B E9 Ay Ao A& oz A = 1e|al
AA WL E2 A7 A BV gd 5] Hay 2o g dEHo=

A E = 4= A TH(A brick scan is a specific sequential ordering of CTUs partitioning a

l

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). T3, A B 733z 53] v 3h} o] 4pe] kol 229 Abzt g olg e
<+ %1 TH(a subpicture may represent a rectangular region of one or more slices within a
picture). =5, A B # 2= # A o] ALY JH & FHA 27 AAB sk ot

ol 49 &efol~E E 3 4= 91 tH(a subpicture contains one or more slices that
collectively cover a rectangular region of a picture). B} = 54 B} d 2 54
Bl < ol & CTUE 9] A2 o & o] TH(A tile is a rectangular region of CTUs
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combination of A, B and CO)"& 2|13 4= 9}

B M Ao A ALgE = A5 (O “éﬁ(comma)t "2/ =(and/or)"-S
ojugt = it} o & £, "A/B" = "A /T B"E v & 52 QT o] ] -2}
"A/B"= "2 A A", "R 2] B, B "Ag]r B ZF"E ou| & = g} Oﬂ A,

B,C's="A,BE=C'E 9| 4=
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FAsA 49 5 9

LSk B g A A o] A "X—*,Oi el A, B 2 C(at least one of A, B and C)"+,
"QAH A "QA B, "A C', EE"A,BE Co oo BE £ (any
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21 59 - (entropy encoder, 240), 7H:H(adder, 250), 2 B] & F-(filter, 260) 2

W 2.2] (memory, 270)& E&sto] A4 E = Slt) o 532200 STH
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1]
seq parameter set rbsp() ¢ Descriptor
C.)
sps_transform_skip_enabled flag u(1)
if( sps transform skip enabled flag ) {
sps_log2 transform_skip max size_minus2 uc(v)
sps_bdpcm_enabled_flag u(1)
}
(..)
}
[3%2]
7.4.3.3 Sequence parameter set RBSP semantics

(.)

sps_bdpcm_enabled flag cqual to 1 specifies that intra bdpcm luma flag and
intra_bdpcm_chroma_flag may be present in the coding unit syntax for intra coding units.
sps_bdpcm_cnabled flag ecqual to 0 specifies that intra bdpecm luma flag and
intra_bdpcm_chroma flag are not present in the coding unit syntax for intra coding units.
When not present, the value of sps_bdpcm_enabled flag is inferred to be equal to O.

()

I 12 SPS(Sequence parameter set)ol| 4] A 19 & ] =
sps_bdpcm_enabled_flagE W EFHIL 1o, A B~ g E
sps_bdpcm_enabled_flag7} 10]¥ QI E g} o So] 8% = F4 f-4 ol BDPCMO]
ALy =X AR5 e = 31 F X, = "intra_bdpcm_luma_flag" 2
"intra_bdpcm_chroma_flag"7} % f-Y ol &AlstE A& Ve 7] 218 2~

T T

T

A 2] E sps_bdpcm_enabled_flag = 7% ¢+ BDPCM 7+-8 &2l 1o o g+ A1 ) =~
AYHEL = Ak =3 7] A8 2 AW E "sps_bdpem_enabled_flag" 7t
EAsHA] oW, 11 3 008 IhE 4 Ak

w3k o & 5o, 443 BDPCM =3 7 2 BDPCM W&k Z#f 10]) o &k Al &l ~
Al AEE D A7 A8 2 de)H EEof o gk A 9l E 2~ (semantics) T TF2

1
FE 2ol vErd = 3l
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3t3]

coding unit( x0, y0, cbWidth, cbHeight, treeType ) §{ Descriptor
if(tile group type != 1 || sps ibc enabled flag) {
if( treeType = DUAL TREE CHROMA )

cu skip flag] x0]] y0 | ac(v)
if( cu skip flag] x0 ] v0 ]==0 && tile group type != 1)
pred mode flag ae(v)

if( ((tile_group type ==1 && cu_skip flag| x0 ][ y0 [==0) ||
(tile_group type!=1 && CuPredMode| x0 || y0 | = MODE INTRA
)) &&
sps 1ibc enabled flag)
pred mode ibc flag ac(v)

}
if( CuPredMode| x0 ]] vO ] == MODE INTRA ) {
if( pred mode flag == MODE INTRA && (cldx==0 ) &&
(cbWidth <=32) && (CbHeight <= 32 )) {

bdpcm _flag| x0 [ vO | ae(v)
if( bdpem flag] x0 [ v0 1) ¢
bdpem dir flag] x0 ] vO ] ae(v)
3
else §
(...)
1
[374]
7.4.7.5 Coding unit semantics

(.

bdpcm_flag| x0 ][ vO ] equal to 1 specifics that a bdpem_dir_flag is present in the coding
unit including the luma coding block at the location ( x0, y0 )

bdpecm_dir_flag| x0 |[ y0 ] equal to O specifies that the prediction direction to be used in a
bdpcm block is horizontal, otherwise it is vertical.

()
1 39 Al E X~ A HE bdpem_flag & A Al &5l BDPCMo| 4 -85 =X
AR5 et 5= ok 7] A8l 2 AW E bdpem_flag += < §F BDPCM
Zd 1o gk A E s dHEY = At o & E01, bdpem_flag®] #ko] 104,
A7 AAl EF0l 4471 BDPCMe| 4-&5 a1, 7] @A) EFol g | gk
23E 51, A7 AA E5e) g o5 kS YEF = bdpem_dir_flag ©]
EAE = AT} 3 o & 59, bdpem_flage] #ko] 0019, 7] & A EF
AG B A kS 4 Q) L3 o & 59, bdpem_flag 7} SA A @ oW, o] 4L
0208 +d 5= Atk A7) d A E&5& 7Y E-E(coding block)d 5= At} A7
bdpem_dir_flag = 7] @A &5 )t o S kS 72 5 ) o & B,
i3 dpem_dir_flag®] gkol 1019, 37| A S5l st o =
Wk 2 ek 7 1AL, 4471 bdpem_dir_flag®] gko] 0019, 471 @A)

2]
ghel 5 ek o WA 5 ok A A8 2 A2 W E bdpem_flag
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g

coding unit( x0, y0. cbWidth, cbHeight, cqtDepth, treeType, modeType ) § Descriptor

if( CuPredMode[ chType ][ x0 ][ y0 ] == MODE_INTRA ||
CuPredMode| chType [[ x0 ] vO ] == MODE PLT) {

if( treccType == SINGLE TREE || trecType == DUAL TREE LUMA ) {

if( pred mode plt flag )

palette coding( x0, y0, cbWidth, cbHeight, trecType )

¢lse {

if( sps_bdpcm_enabled flag &&
cbWidth <= MaxTsSize && cbHeight <= MaxTsSize )

intra bdpcm luma flag ae(v)

if(intra bdpcm luma flag)

intra_bdpcm_luma_dir_flag ae(v)

¢lse {

}
}
!
}
if((treeType == SINGLE_TREE || treeType == DUAL_TREE CHRO
MA ) &&
ChromaArrayType != 0) {
if( pred mode plt flag && treeType == DUAL TREE CHROMA )
palette_coding( x0, y0, cbWidth / SubWidthC, cbHeight / SubHeightC, t
recType )
else if( !pred mode plt flag) §
if( lcu act enabled flag) {
if( cbWidth / SubWidthC <= MaxTsSize && cbHeight / SubHeight
C <= MaxTsSize
&& sps bdpem enabled flag )

intra_bdpcm_chroma_flag ac(v)
if( intra bdpcm chroma flag )

intra_bdpcm_chroma_dir_flag ac(v)
else {
}
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[156] [3%6]

7.4.11.5 Coding unit semantics

C.)

intra_bdpcm_luma_flag equal to 1 specifies that BDPCM is applied to the current luma
coding block at the location ( x0, y0 ), i.e. the transform is skipped, the intra luma prediction
mode is specified by intra bdpem luma dir flag. intra bdpcm luma flag equal to 0
specifics that BDPCM is not applied to the current luma coding block at the location ( x0,
v0).

When intra_bdpcm_luma_flag is not present it is inferred to be equal to 0.

The variable BdpemFlag| x |[ v ]| cldx ] is set equal to intra bdpcm luma flag for x =
x0..x0 + cbWidth — 1, v = y0..y0 + cbHeight — 1 and cldx = 0.

intra_bdpcm_luma_dir_flag equal to O specifies that the BDPCM prediction direction is
horizontal. intra bdpem luma dir flag cqual to 1 spccifics that thc BDPCM prediction
direction is vertical.

The variable BdpemDir| x |[ v ][ cldx | is set equal to intra bdpcm luma dir flag for x =
x0..x0 + ¢cbWidth — 1, y = y0..y0 + cbHeight — 1 and cldx = 0.

C.)

intra_bdpcm_chroma_flag equal to 1 specifies that BDPCM is applied to the current
chroma coding blocks at the location ( X0, y0 ), i.¢. the transform is skipped, the intra chroma
prediction mode is specified by intra_bdpem chroma dir flag. intra bdpcm chroma flag
equal to 0 specifies that BDPCM is not applied to the current chroma coding blocks at the
location ( x0, y0 ).

When intra_bdpecm_chroma_flag is not present it is inferred to be equal to 0.

The variable BdpemFlag| x |[ v ]| cldx | is set equal to intra_bdpcm_chroma flag for x =
x0..x0 + cbWidth — 1, vy = y0..y0 + cbHeight — 1 and cldx = 1..2.

intra_bdpcm_chroma_dir_flag equal to 0 specifies that the BDPCM prediction direction is
horizontal. intra_bdpem_chroma_dir flag equal to 1 specifies that the BDPCM prediction
direction is vertical.

The variable BdpemDir| x |[ v ][ cldx | is set equal to intra_bdpcm_chroma_dir_flag for x =
x0..x0 + cbWidth — 1, vy = y0..y0 + cbHeight — 1 and cldx = 1..2.

(.)

[157] At Y8 dol 3159 2182 A2 A E intra_bdpem_luma_flagi= & A
Fup E-5o BDPCMo] 485 =4] o5 Vet o= 914,
intra_bdpcm_chroma_flag = & A F7} &5 L£= A A A 2n} 550 BDPCMO]
AE 5 =X AR5 YJER 4= 9t} o & £9], intra_bdpcm_luma_flag &=+
intra_bdpcm_chroma_flag®] gkol 10]¥, sl & 2 E5of g He-& ~7] ¥ a1
A E5 3t o F F = o F U EF2 Y ENY = intra_bdpem_luma_dir_flag
£+ intra_bdpcm_chroma_dir_flagol] &|ste] 4+ = 52 wheko 2 HAd e
21T} intra_bdpecm_luma_flag *=+= intra_bdpcm_chroma_flag7} <Al 3} 4] & S HH,

o] oo 5 5= 9t
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LS o & 59, o 5 WES Y ERY = intra_bdpem_luma_dir_flag 5=
intra_bdpcm_chroma_dir_flag2] #k©] 0©]¥H, BDPCM & 5 WaFo] 423 whakQl
A& el 4= 9131, intra_bdpcm_luma_dir_flag B=5=
intra_bdpcm_chroma_dir_flag2] %to] 1] BDPCM o] = Whako] 4=2] wbgkQl
e vEbd 5 3l

53k, BDPCM ©] @l%ﬂ% 7350l FEA Ao A o= o9 3ok ol
e = 3l
[3%7]

8.7.3 Scaling process for transform coefficients
Inputs to this process are:

- a luma location ( xTbY, yTbY ) specifving the top-left sample of the current luma
transform block relative to the top-left luma sample of the current picture,

- a variable nTbW specifying the transform block width,

- a variable nTbH specifying the transform block height,

- a variable cldx specifying the colour component of the current block,

- a variable bitDepth specifying the bit depth of the current colour component.

Output of this process is the (n"TbW)x(nTbH) array d of scaled transform coefficients with
clementsd] x [[ v ].

The quantization parameter qP is derived as follows:

- If cldx is equal to O, the following applies:

qP=Qp'y (8-1018)

- Otherwise, if cldx is equal to 1, the following applies:

qP=Qp'c, (8-1019)

- Otherwise (cldx is equal to 2), the following applies:

qP = Qp'c, (8-1020)

The variable rectNonTsFlag is derived as follows:

rectNonTsFlag = ( ( ( Log2( nTbW ) + Log2(nTbH ) ) & 1) == 1 && (8-1021)
transform_skip flag| xTbY |[ yIbY |==0)
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The variables bdShift, rectNorm and bdOffset are derived as follows:

bdShift = bitDepth + ( ( rectNonTsFlag ? 8 : 0)+
(8-1022)
(Log2(nTbW ) + Log2(nTbH ) )/ 2 ) — 5+ dep_quant_enabled flag

rectNorm = rectNonTsFlag 7 181 : 1 (8-1023)

bdOffset = ( 1 << bdShift ) >> 1 (8-1024)

The list levelScale| | is specified as levelScale| k | = { 40, 45,51, 57,64, 72 } withk=0.5.

For the derivation of the scaled transform coefficients d[ x ][ y | with x = 0.nTbW — 1,
v =0.nTbH — 1, the following applies:

- The intermediate scaling factor m[ x || v | is set equal to 16.
- The scaling factor Is[ x ][ ¥ ] is derived as follows:

— Ifdep_quant enabled flag is equal to 1, the following applies:

Isfx][y]=(m[x][v]*levelScale] (P +1)% 6])<<((qP +1)/6) (8-1025)

— Otherwise (dep_quant_enabled flag is equal to 0), the following applies:

Is[x][y]=(m[x][v] *levelScale[ qP % 6 ] ) <<(qP/6) (8-1026)

- The value dz[x][y] is derived as follows:

— if  bdpem flag] xTbY [ vyIbY |=1, dz] x ] vy |

>

bdpecm_dir flag| x0 11 v0 ==0 ? ( x==(0 ?
TransCocffLevel] xTbY |[ yIbY [ cldx || x ][ v Jidz] x-1 ][ v | +
TransCoeffLevel] xTbY ]| vIbY || cldx ] x [ vy D:y=0 ?
TransCoeffLevel] xTbY |[ yTbY [ cldx ][ x ][ v Jidz[ x J[ v-1 | +
TransCoeffLevel| xTbY |[ yTbY [ cldx |[ x ][ v ])
- other wise dz[x][y] = TransCoeffLevel| xTbY ][ yTbY [[cldx |[x ][ v ])
- The value dne[ x ][ ¥ ] is derived as follows:
dnc[x ][y ]= (8-1027)
(dz[x][¥] * Is[ x ][ v ] * rectNorm +bdOffset ) >> bdShift
- The scaled transform coefficient d[ x ][ y ] is derived as follows:
d[ x ][ v | = Clip3( CoeffMin, CoeffMax, dnc[ x [y ] ) (8-1028)

YE+=, BDPCM ©| A &%= 7 5-oll A2}t g of A o= th9] 3o} 2o
LEbd =5 3l
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[3£8]
8.7.3 Scaling process for transform coefficients

Inputs to this process are:

a luma location ( xTbY, yTbY ) specifving the top-left sample of the current luma
transform block relative to the top-left luma sample of the current picture,

a variable nTbW specifying the transform block width,
a variable nTbH specifying the transform block height,
a variable predMode specifving the prediction mode of the coding unit,

a variable cldx specifying the colour component of the current block.

Output of this process is the (nTbW)x(nTbH) array d of scaled transform coefficients with
clementsd| x [[ v ].

The quantization parameter qP and the variable QpActOffset are derived as follows:

If cldx is equal to 0, the following applies:

qP =Qp'y (1154)

QpActOffset = cu_act_enabled flag] xTbY || yITbY |?7-5:0 (1155)

Otherwise, if TuCResMode[ xTbY || yTbY ] is equal to 2, the following applies:

qP = Qp’cpey (1156)

QpActOffset = cu_act_enabled flag] xTbY || yITbY |7 1:0 (1157)

Otherwise, if cldx is equal to 1, the following applies:

qP=Qp'c, (1158)

QpActOffsct = cu_act _cnabled flag] xTbY || yIbY |7 1:0 (1159)
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- Otherwise (cldx is equal to 2), the following applies:
qP = Qp'c, (1160)
QpActOffset = cu_act_enabled flag] xXTbY || yIbY |73 :0 (1161)
The quantization parameter gP is modified and the variables rectNonTsFlag and bdShift are

derived as follows:

- If transform_skip flag] xTbY ][ yTbY ]| cldx ] is equal to 0, the following applies:

gP = Clip3( 0, 63 + QpBdOffset, qP + QpActOffsect ) (1162)

rectNonTsFlag = ( ( ( Log2( nTbW ) + Log2(nTbH) )& 1) == 1)?1:0 (1163)

bdShift = BitDepth + rectNonTsFlag + (1164)
((Log2(nTbW ) + Log2(nTbH ) )/2 ) — 5 +sh dep quant enabled flag

- Otherwise (transform_skip flag| xXTbY || yTbY || cldx | is equal to 1), the following

applies:
gP = Clip3( QpPrimeTsMin, 63 + QpBdOffset, qP + QpActOffset ) (1165)
rectNonTsFlag = 0 (1166)
bdShift =
10 (1167)

The variable bdOffset is derived as follows:

bdOffset =( 1 << bdShift) >> 1 (1168)

The list levelScale[ [ ] 1s specified as levelScale[ j [ k | = { { 40, 45, 51, 57, 64, 72 },
{57,64,72,80,90,102 } } withj=0.1,k=0.5.

The (TbW)x(n'TbH) array dz 1s set equal to the (TbW)x(nTbH) array
TransCoeffLevel[ xTbY ][ yTbY ]| cldx |.
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For the derivation of the scaled transform coefficients d| x |[ v | with x = 0.nTbW — 1,
v =0..nTbH — 1, the following applies:

The intermediate scaling factor m[ x ][ y ] is derived as follows:

If one or more of the following conditions are true, m| x |[ y | is set equal to 16:
sh_explicit_scaling list used flag is equal to 0.

transform_skip flag| xTbY || yTbY ][ cldx ] is equal to 1.

sps_scaling matrix_for Ifnst disabled flag is equal to 1 and ApplyLfnstFlag is equal
to 1.

sps_scaling matrix_for alternative colour space disabled flag is equal to 1 and
sps_scaling matrix_designated colour space flag is equal to
cu_act _enabled flag| xTbY |[ vIbY ].

Otherwise, the following applies:

The variable id is derived based on predMode, cldx, nTbW, and nTbH as specified in
Table 38 and the variable log2MatrixSize is derived as follows:

log2MatrixSize = (id <2)? 1: (id<8)?2:3 (1169)

The scaling factor m[ x ][ y ] is derived as follows:

m| x ][ y ] = ScalingMatrixRec[id |[1][] ]
with 1 = ( x << log2MatrixSize ) >> Log2( nTbW ),
1= (y <<log2MatrixSize ) >> Log2( n'TbH ) (1170)

If id is greater than 13 and both x and y are equal to 0, m[ 0 ][ O | is further modified as
follows:

m| 0 ]| 0 ] = ScalingMatrixDCRec[ id — 14 | (1171)

NOTE - A quantization matrix element m[ x ][ y | can be zeroed out when any of the
following conditions is true

x is greater than 31
y is greater than 31

The decoded tu is not coded by default transform mode (i.e. transform type is not equal
to 0 ) and x is greater than 15

The decoded tu is not coded by default transform mode (i.e. transform type is not equal
to 0) and v is greater than 15
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- The scaling factor Is[ x ][ ¥ ] is derived as follows:

- If sh dep quant cnabled flag IS cqual to 1 and
transform_skip flag] xTbY || yTbY |[ cldx ] is equal to 0, the following applies:

Is[x][yv]=(m]x ]|y ] *levelScale| rectNonTsFlag || (qP+ 1) % 6 ])
<<((@P+1)/6) (1172)

— Otherwise (sh_dep quant enabled flag is equal to 0 or
transform_skip flag] xTbY |[ yTbY ]| cldx ] is equal to 1), the following applies:
Is[x][y]=(m[x]]v] * levelScale| rectNonTsFlag || P % 6 ]) << (gP/
6) (1173)

- When BdpecmFlag| xTbY ][ yYbY |[ cldx | is equal to 1, dz[ x ][ v | is modified as
follows:

— If BdpemDir[ xTbY ][ yYbY ]| cldx | is cqual to 0 and x is greatcr than 0, the
following applies:

dz[ x |[ y ] = Clip3( CoeffMin, CoeffMax, dz[ x— 1 [[y | +dz[ x ][y ]) (1174)

— Otherwise, if BdpecmDir| xTbY ][ yTbY || cldx ] is equal to 1 and y is greater than 0,
the following applies:

dz[ x ][ v ] = Clip3( CoeffMin, CoeffMax, dz[ x |[v—1 | +dz[ x ][y ] (1175)

- The value dne[ x ][ v | is derived as follows:

dne[x1[v1=(dz[x][y]*Is[ x][ v ] +bdOffsct) >> bdShift (1176)

- The scaled transform coefficient d[ x || y | is derived as follows:

d[ x ][ v ] = Clip3( CoeffMin, CoeffMax, dnc[ x [y ] ) (1177)
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coding unit( x0, v0, cbWidth, cbHeight, treeType ) { Descriptor
if( slice type != 1 || sps ibc enabled flag) §
if( treeType '= DUAL_TREE CHROMA &&
!(cbWidth ==4 && cbHeight==4 && !sps ibc enabled flag) )
cu skip flag] x0 [ vO ] ae(v)
if( cu_skip flag| x0 J[y0]==0 && slice type =1
&& 1 cbWidth = =4 && cbHeight ==4))

pred mode flag ae(v)

if( ((slice type==1 && cu_skip flag[x0][y0]==0) ||
(slice_type =1 && ( CuPredMode[ x0 ][ y0 | = MODE INTRA ||
(cbWidth==4 && cbHeight==4 &é& cu_skip flag| x0 ][ y0 |==

)))) &&
sps ibc enabled flag && (cbWidth !=128 || cbHeight !=128))
pred mode ibc flag ae(v)
}

if{ CuPredMode[ x0 ][ v0 ] == MODE INTRA ) {

if( sps_pcm_cnabled flag &&
cbWidth >= MinlpecmCbSizeY && cbWidth <= MaxIpemCbSizeY &&
cbHeight >= MinlpcmCbSizeY && cbHeight <= MaxIpcmCbSizeY )

pem_flag| x0 ][ vO0 | ac(v)

if(pom flagf x0 J[v0 ]) {

while( Ibvte aligned() )

pcm alignment zero bit (1)

pem sample( cbWidth, cbHeight, tree Type)

1 else §

if( treeType = = SINGLE_TREE || treeType == DUAL_TREE_LUM

A){
if( transform_skip enabled flag && cbWidth <=32ZMaxTsSize && ¢
bHeight <= 32MaxTsSize )

intra bdpcm flag| x0 ]| vO | ae(v)
if( intra bdpem flag] x0 ][ v0 1)
intra bdpcm dir flag[ x0 ]| v0 | ae(v)
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general constraint info() { Descriptor
| _general progressive source flag u(l)
| _general_interlaced source flag u(1)
| __general non_packed_constraint flag u(1)
| __general frame only constraint flag u(1)
intra_only constraint flag u(1)
max bitdepth constraint idc u(4)
max chroma format constraint idc u(2)
frame only constraint flag u(l)
no (tbtt dual tree intra constraint flag u(l)
no partition constraints override constraint flag u(l)
no sao constraint flag u(l)
no alf constraint flag u(l)
no pcm constraint flag u(l)
no ref wraparound constraint flag u(l)
no temporal mvp constraint flag u(1)
no sbtmvp constraint flag u(l)
no_amvr_constraint flag u(l)
no_bdof constraint flag u(l)
no_dmvr_ constraint flag u(l)
no cclm constraint flag u(l)
no_mts constraint flag u(l)
no_sbt constraint flag u(l)
no_affine_motion constraint flag u(l)
no_bcew constraint flag u(l)
no_ibc_constraint flag u(l)
no ciip constraint flag u(1)
no fpel mmvd constraint flag u(1)
no triangle constraint flag u(l)
no ladf constraint flag u(l)
no transform skip constraint flag u(l)
no_bdpcm_constraint flag u(l)
no_qp_delta_constraint flag u(1)
no_dep quant_constraint flag u(1)
no_sign_data_hiding constraint flag u(1)
// ADD reserved bits for future extensions
while( !byte aligned() )
gei_alignment zero_bit f(1)
}
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[3E11]

7.4.4.2 General constraint information semantics

¢.)

no_bdpcm_constraint_flag equal to 1 specifies that bdpcm_enabled flag shall be equal to 0.
no _bdpem constramnt flag cqual to 0 docs not imposc a constraint.

(...
7.4.8.5 Coding unit semantics

¢.)

intra_bdpcem_flag[ x0 ][ y0 ] equal to 1 specifies that BDPCM is applied to the current luma
coding block at the location ( x0, y0 ), 1.e. the transform 1is skipped, the intra luma prediction
mode 1s specified by mtra_bdpecm_dir_flag| x0 ][ y0 ]. intra_bdpcm_dir_flag[ x0 ][ yO ] equal to
0 specifies that BDPCM is not applied to the current luma coding block at the location ( x0, y0 ).

When bdpcm_enabled_flag is equal to 0 or intra_bdpem_flag| x0 ][ v0 ] is not present it is
inferred to be equal to 0.

The variable BdpcmFlag| x ][ v | is set equal to intra bdpcm flag] x0 ][ yO ] for
x =x0..x0 + cbWidth — 1 and y = y0..v0 + cbHeight — 1.

¢.)

7.4.8.10 Transform unit semantics

¢.)

transform_skip_flag[ x0 ][ yO ] specifies whether a transform is applied to the luma transform
block or not. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of
the considered transform block relative to the top-left luma sample of the picture.
transform_skip flag[ x0 |[ v0 | equal to 1 specifies that no transform is applied to the luma
transform block. transform_skip flag] x0 ][ y0 ] equal to 0 specifies that the decision whether
transform is applied to the luma transform block or not depends on other syntax clements.

When transform_skip flag| x0 ][ y0 | is not present, it 1s inferred as follows:

- If bdpcm_enabled flag is equal to 1 and BdcpmFlag] x0 ][ x0 ] 1s equal to 1,
transform_skip flag[ x0 ][ y0 ] is inferred to be equal to 1.

- Otherwise (bdpcm_enabled flag is equal to 0 or BdcpmFlag| x0 ][ x0 | is equal to 0),
transform_skip_flag[ x0 ][ y0 ] is inferred to be equal to 0.

()
& o, & AA o] p2H 48~ dE) W E no_bdpem_constraint_flag 7}
Alagd=E 5 ok A7) A2 AW E no_bdpem_constraint_flag = BDPCM

o] A okx] =X Oql'?‘%‘ el 91t} o & 9], no_bdpem_constraint_flag =

of| 5 &0, 3 11e 23 191 no_bdpecm_constraint ﬂag BDPCM 7}-&

Zelz19] 4ol 090 & YERE 4= At} =, ol & £, 12] no_bdpem_constraint_flag
T (AA 7ol tstel) BDPCM ©] 7H&-atA] e =2 vhetd &= 9Tt 09l
no_bdpcm_constraint_flag = BDPCM ©l| tl g} A| oF 271-& R 3}3}4] & 4 3l
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oeneral constraint info() { Descriptor
| _general progressive source flag u(l)
| _general interlaced source flag u(l)
| _general non packed constraint flag u(l)
| _general frame_only constraint flag u(1)
intra_only constraint flag u(1)
max bitdepth constraint idc u(4)
max chroma format constraint idc u(2)
frame only constraint flag u(l)
no qtbtt dual tree intra constraint flag u(l)
no partition constraints override constraint flag u(l)
no sao constraint flag u(l)
no alf constraint flag u(l)
no pcm constraint flag u(l)
no ref wraparound constraint flag u(l)
no_temporal mvp constraint flag u(1)
no sbtmvp constraint flag u(1)
no_amvr_constraint flag u(1)
no bdof constraint flag u(1)
no_dmvr_constraint flag u(1)
no cclm constraint flag u(1)
no_mts_constraint flag u(1)
no_sbt_constraint flag u(l)
no_affine_motion_constraint_flag u(l)
no_bcw_constraint flag u(l)
no ibc constraint flag u(l)
no ciip _constraint flag u(l)
no fpel mmvd constraint flag u(l)
no triangle constraint flag u(l)
no_ladf constraint flag u(l)
no transform skip constraint flag u(1)
no_bdpcm_constraint _flag u(l)
no_qp delta constraint flag u(1)
no_dep_quant_constraint flag u(1)
no_sign_data_hiding constraint_flag u(l)
// ADD reserved bits for future extensions
while( !byte aligned() )
gci_alignment zero_bit f(1)
}




WO 2020/256389

[190]

46

PCT/KR2020/007811

transform unit( x0, v0, tbWidth, tbHeight, treeType, subTulndex ) {

Descriptor

()

if( tu cbf luma] x0 ][ v0]) {

if( !transform skip flag[ x0 ][ v0 | && lintra_bdpem _flag] x0 ][ vO ])

residual coding( x0, v0, Loe2( tbWidth ). Loe2( tbHeight ). 0 )

else

residual ts coding( x0. v0. Log2( tbWidth ), Log2( tbHeight ). 0 )

i

1f(tu cbf cb[x01[v0])

residual coding( xC, vC, Log2( wC ), Log2( hC), 1)

if(tu cbf cr[x0 ][ v0]) {

if(tu cbf cb[x0][v0])

tu joint cbcr residuall x0 ] vO |

ae(v)

if( 'tu joint cber residuall x0 1] v0 1)

residual coding( xC, vC, Log2( wC ), Log2( hC).2)

fmr
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[191] [3E13]

7.4.4.2 General constraint information semantics

()

no_bdpcem_constraint flag equal to 1 specifies that bdpem_enabled flag shall be equal to 0.
no_bdpcm_constraint_flag equal to 0 does not impose a constraint.

(..
7.4.8.5 Coding unit semantics

(..

intra_bdpcm_flag[ x0 ][ y0 ] equal to 1 specifies that BDPCM is applied to the current luma
coding block at the location ( x0, y0 ), i.e. the transform is skipped, the intra luma prediction
mode is specified by intra_bdpcm_dir_flag| x0 ][ y0 ]. intra_bdpcm_dir_flag[ x0 ][ y0 ] equal to
0 specifies that BDPCM is not applied to the current luma coding block at the location ( x0, y0 ).

When bdpem_enabled flag is equal to 0 or intra_bdpem_flag| x0 ][ y0 ] is not present it is
inferred to be equal to 0.

The variable BdpcmFlag| x ][ v | is set equal to intra bdpcm flag] x0 ][ yO ] for
x =x0..x0 + cbWidth — 1 and y = y0..v0 + cbHeight — 1.

¢.)

7.4.8.10 Transform unit semantics

(...

transform_skip flag[ x0 |[ yO ] specifies whether a transform is applied to the luma transform
block or not. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of
the considered transform block relative to the top-left luma sample of the picture.
transform_skip flag][ x0 ][ y0 ] equal to 1 specifies that no transform is applied to the luma
transform block. transform_skip flag] x0 ][ y0 ] equal to 0 specifies that the decision whether
transform is applied to the luma transform block or not depends on other syntax clements.

When transform_skip flag| x0 ][ y0 ] is not present, it 1s inferred as feHews0.

(..)
[192] o & E0of, B A A oo = A8 2 2] E no_bdpem_constraint_flag 7}
AladdE ) A7) 2189 2 A2l A E no_bdpem_constraint_flag = BDPCM
o] A ofx=A] -5 Ve Ut
[193] o & &1, 3 135 #2351 12! no_bdpecm_constraint_flag = BDPCM 7}-&

Zef 19 gho]l 0& YERE 5 2tk 021 no_bdpem_constraint_flag += BDPCM ¢l
gk Al oF 2718 FekA] &g o vk Eg o5 &0, 47| BDPCM 7t
Ze e A o E ¥ bdpcm_enabled_flag & = vt A, o & &

}7] BDPCM 7}-8- & &l Z1+= SPS(sequence parameter set), PPS(picture parameter

iz
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[194]

[195]

[196]

[197]

[198]

48

set), VPS(video parameter set), & 2} ©] 2~ 3 U (Slice header) = g+ 3= o] ol 422
T AT =, dE &9, 471 BDPCM 7H8 & 71= SPS(sequence parameter set),
PPS(picture parameter set), VPS(video parameter set) /%= % 2}o] 2 3] B (Slice
header)& &3ato] A|1d == 5 9l

E3t o5 Eof, 3% 138 FZ31H BDPCM 7HE &3 719] glol 0o A Ei=
BDPCM & &l 17} & A181H4] &= 49, BDPCM &8l 1= 022 7H54 &= gl
A, o] & 9], 4} % no_bdpem_constraint_flag 2] k] 01 4 -$-, BDPCM
7HE Zel 1= 09 o 3L, BDPCM H 8 1% 00 2 7h58 = Qloh B3 o &
E0°], 471 BDPCM = 8 1+ @A £5¢ BDPCM ©| 48 ¥ =4] o -5 el
T At ol & &1, 0% BDPCM = & 1= A A] E5o] BDPCM ©| 485 A

LFER 5= 9151, 191 BDPCM 3 713= & 4] &0l BDPCM ©] 4189 &

4= 94t} 2, 191 BDPCM &8l 13= & A] E5of Wgo] 23] ¥ a1,
BDPCM & &2 17F Vet &= QI E e} o 5 K= d A 5ol th3h o] 5o
FPE-& vebd 5= 9lth. BDPCM W&k e 19] Al e A A HE =
intra_bdpcm_dir_flag, intra_bdpcm_luma_dir_flag %=+
intra_bdpcm_chroma_dir_flag o =it

LS o & 50, 3% 138 Fxety e 23] vt SAleA] = A
23] S 002 hE 0 vk =, Wgk 23] W 3= BDPCM &
| o= 3 o 3
A= S A7 A Fd A
BDPCM-S %] -§-3}i= i ol tjsto] th
&3} o] Msto]l 270 H YA 7L AS
, TU(transform unit) Woll A ;1= 7] ¥ 4=
A Al A7 A Y A FE A
Edt o S¥ sk 23] 559 A9, dS
717t AR5 B $-ahde] WAy st A Fd o] #Hol 59
of HAYstE H Al wde dEET = =3
|elli= BDPCM = = & Hgh 27 o g By Wk 27
d = (coding tool)= {}+5-3}a1, BDPCM 4] -8 o] L& Jdsh=
Sk}, B A Ao o) A A ¢Sl = B2 BDPCMo] H & 7
| o8 Fax= 2l & upg o2 s, ol A 7iA H
o] 3ol #)3 Al 8 2 (High level syntax)ol| 4] Al 19 & ] = &2 1,
no_bdpcm_constraint_flag 7} 'H =2 A o] ¥ X ¢k-& 4= 9l T}
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[199]

[200]

[201]

[202]

49
3%14]
transform unit( x0, v0, tbWidth, tbHcight, trecc Type, subTulndex ) § Descriptor
(..)

if( tu ¢bf luma] x0 ][ v0 1) {
if( !transform skip flag| x0 ]| v0 | && lintra_bdpem flag] x0 ][ v0 ] )
residual coding( x0, v0, Log2( tbWidth ), Log2( tbHeight ), 0 )
clse
residual ts coding( x0), v, Log2( tbWidth ). Log2( tbHeight ), () )

+
if( tu cbf cb[x0 1 v0 1)
residual coding( xC., vC, Log2( wC ), Log2( hC). 1)
if( tu cbf cr[x0][v0]) {
if( tu cbf cb[x0 ]/ v0 1)
tu joint cber residual] x0 1] yO | ac(v)
if( !tu joint cber residuall x0 ] v0 1)
residual coding( xC, yvC, Log2( wC ), Log2( hC ). 2)

!
i

[3£15]

7.4.8.10 Transform unit semantics

.

transform_skip_flag[ x0 ][ v0 ] specifies whether a transform is applied to the luma transform
block or not. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of
the considered transform block relative to the top-left luma sample of the picture.
transform_skip flag] x0 ][ y0 ] equal to 1 specifies that no transform is applied to the luma
transform block. transform_skip flag] x0 ][ y0 ] equal to O specifies that the decision whether
transform is applied to the luma transform block or not depends on other syntax elements.

When transform_skip_flag| x0 ][ y0 ] 1s not present, it is inferred as follows0.

¢.)
%145 Fx3H BDPCM E 715 7|Hto 2 GA 7Y I o] 7| 4 St
=, BDPCM =t -19] gh-& 7|4k S 2 (BDPCM 2| & o] 3%-5 7
i%%%o}ﬂ ”016“15”*0“174‘14‘57}449 = At
JdJE =5 45 Frzshy Mg 23] Fe 719 gho] 00] L, BDPCM = 2 19
Zkol 021 A T(i, H 3ol 2 -8-¥] 51, BDPCMo| A& 5] ¢Fi= 49, A A E5o
tste] g€ d A 7<Y 29 (Regular Residual Coding, RRC)©] 4 -84 4~ %b_
W3 A7) Zaj 19] gho] 10] A} == BDPCM =19 gho] 191 A (=,
H 3ho] 23] ¥ ALY 5=, BDPCMo] A 83 = 24 9, @A &5 diste] |3
27 YA 7<E Z Y (Transform Skip Residual Coding, TSRC)?©] 482 = it} =,
& Eof, A3 23] Ze19] ¢ho] 00]aL, BDPCM &8 712] 3ko] 091 49,




o
9

T

1o
=

=

)

AL

Fol el = e

E)
[e)
-7~

%
]
=371 9

of

PCT/KR2020/007811
o

P71 e wAl A
7l ¥ =% BDPCM

o 17} &)

=), dA =
;\___1_“
=

i 19] gko] 101 A == BDPCM
o}, & 79] §700 W #] $720

50
—

b g 7]

AL
=
=

=

4
ghol 191 45+, Wgho] 23] % 7|1} ®i=, BDPCMo| 4 &4 1=

=]

7
090 = k-

ikl

J] 4] o = 4

A

T .

%) 31, BDPCM©] 4 %] ] ¢

2] A 79 79 (Regular Residual Coding, RRC)2] 4

Eeh1

sto] M3k ~7] 9 A 5F< Z Y (Transform Skip Residual Coding,

5

of

I

) 5 ek 7

=
3 23]

=

Yepdth 5 7914 A

A~
T

=
il
RE=

==

WO 2020/256389

[204]

—_
fite]

= At =Z vpehys 40

7] s

[e]

T

i
Apol = BT} AL g

=

="

=]
=

[205]

A

=
=

a=h
=

W

T

Apol = & vrehiliz 4 u

R
=
=

I

= =
=

RE]
A o8

Fo]

Apol =& vheb = H 09

[s)

=
1

(s}

R ES

BDPCM(Block-based Delta Pulse Code

£ 5]

BDPCM(Block-based Delta Pulse Code

=

SHCH(S710).
]
)

minus2 & I

size

s A

o1, 371 % 0 47] ol 7k 7] Ak W BB Afo| Zrr} AL

p_max
1 BDPCM ©]

[s)

1

of

T

BDPCM
=

=

3}

T .

T
T

transform_ ski

<= SPS(Sequence Parameter Set, SPS)
log2_

T
=
=

] HE = sps

=

T
=

=

) A ol
=

=

Modulation) %-& o %-& e}
o

Abol 2 & UE &= 4R
]
Modulation) %-& o %-& e}

A

[207]



WO 2020/256389 PCT/KR2020/007811

[208]

[209]

[210]

[211]

[212]

A5, 5,47 FH AT mol T Ao E sty AT Ao WE ES

Aol z Rt & A9, 2™ G2 = A A E5el thste] BDPCM ©] 48 5] A

F=vta AAE 4= 9o, A A £S5l ) 3 BDPCM(Block-based De lta Pulse
ol

Code Modulation) % & o] %= Y E} = BDPCM =1 & A A 8HA] &
ST 471 BDPCM = #1713z 025 (k2 = 9t} =5, ol & 591, 4471 %EE%
A7 o7 7] A M E5 Alol 2B U & A9, S, 4] 2 5"3 7] o
F Aok sturt 7] Ao §E E5 Alol =R & A9, A
ol ¢+ BDPCM(Block-based Delta Pulse Code Modulation) %] -8 ¢}
BDPCM &l L7} Al 1 B = 4] &2 = 9L 3L, A A &5 BDPCM O] 2-g 5 A
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15 xeetA] = Uk
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AA 5ol 7] BDPCMo] 285 %] ¢Fa1, AdREA|Ql )1 E e} o 5, IBC o 5,
AH o5, £ BHE oS0 3 9-& vebd 5= 9l

rC -
ot
=4

0?4 rie

O
o

=
, %71 BDPCM & | “19]
Fhol 191 2%, 71 A4 E5¢l %71 BDPCMe| 285 a1, 7] A £
ik BDPCM W& £ el 17 EA 8 vEld 5= Sl ol & 91, 471 BDPCM
S 29 A9 A E = 43 bdpem._flag, intra_bdpem_luma_flag £+
intra_bdpcm_chroma_flag & 5= 1T} H3}H o & £901, 47| BDPCM & 1+
CU(coding unit) = Al 1d = ZF Tt o & 7 A 55 2
H5-(coding block)¥ = 3}

ANFY A= A7) AA &5l thgh o 5 w-3F& Yl = BDPCM W&
25 A FH(ST720).

o E 59, 2% FX= A E=ol tiste] BDPCM o] 484 =4 o F-&
AA e+ 9laL, 47| BDPCM ©] Zﬁﬂb We 24 o ok L3 4 E
5o, =29 FA = 7 dA 5ol i o = WakS YE = BDPCM % &
ZH2E AL H ARG D %15}. G AR 7] BDPCM WaF S 18

M W 2152 7] AA EFC g oS5 W
et = 2l ol & 50, 471 BDPCM =8 19] glo] 191 4

T
[e)
T, W



PCT/KR2020/007811

52

7] BDPCM

WO 2020/256389

2

o = i

: o B . CREL
of O e __ o — ) oy T - —
T mo = ¢ CIC 7@&%% WCMEQ ﬂow o e L%H
LT Tge el ] 100 i e Do o
AR AR N s T e Lo e BRI e
Celvme oM o oML HRPEL OPET ooy
TR s 4 E MLT o P T TP s o
FrTawa s SR Towm o WATETE S L H T
M_% Drd g =% ST g T _mTo g oo Ly tEl
T s E I (R I o SROT g >
iy B = 3 M M - N i # oo X i ~o NI (NG - - m o W
B R B L L (R R TR LT TP TRE B = BN N
o B0 g il W oo o L = 9 5K Mm% b A <o
N %%?ﬂoﬁogﬂu%ﬂx]mﬂilwLo]L@a W oy
oL wm B s gl oKX s ® T o %o 5O 5o W
a2t m g o 20T P bl E S MR
SRR E e S R AT AR T R g ol e e o
O a7 - Z oo Eh@e® O @l Tr gy 00 e o w
1297y srrriiliotIibiiziicice
A o < S { = B T e I — o AP %o N T
— X S L O M 0o T LW o e = o XD
N T W T X I om= 2o L E iy s T = o =n
n%ﬂ,%ﬂm%DﬂoEwﬂuWﬂdm?ﬂ%gaowczﬂ,%wmﬂwx
e o e g e BBy BN W gy B sz 2P E = Do
EEAOATAOMMPO} HO‘I‘_._&,O‘I E#EHﬁOZ:I7ﬂﬂMﬂ‘I\|‘AOT ~o

Mgﬁ_aﬁldkoo o5 | T R =n O T X - = = N
W WL BT T W g BN o0 %
ﬂﬂﬂ_ﬂ1Wewﬂﬂ_ﬂo,m_./lATEEFMpMO_z#ﬁbW%ﬂ_zgwqﬂMMmﬂroEﬂl.EeQ._Wﬂdﬂ
T R T SRy dr i Pesi gt et el w
kaow_Ekoul%moL,dwo%Bﬂﬂml%ii%%%fﬂ%ﬂ%?dﬂEiurm_@
FL TPy R TR U N o TR T T e Mo T
PLESLESWBN TR ST O w W g Lo B b
TOE0EWENT LA R R g ERFd oW W R Yo gy WA
TEERET ETH M T ARAR #,.mo_ifﬁo%ﬂﬂﬂo%d.m%ﬂ%
pAER LGB eV Enhpnsg Tl EpwE R
0 N e N R W g oy T DM 5 W Ao o0 Hp o o o N HR o e HY R A
ROWPRHLET BWT MY RRDTYNT RIBEFRRFDT

[213]
[214]
[215]

J 0]

S
a3

=5
=

=
5o

T .

T

22

)

AEnE 550l )

T .

E TREE

],

5

[e)

[e)

T 553 o

[e]

T

H

o]
Al AR B o] Fu}

o wte} A2 E €] (SINGL

E2](DUAL_TREE)Z 13-4 4 It} A2} 5 o] Fna}

TEEVHEAE E

2] B



PCT/KR2020/007811

A 2w} E-Eof BDPCM7} 7l

T
ik

WO 2020/256389
T

I

&
BDPCM7} 484 4= ] a1

[217]

[218]

)
fite]
;OD
P
il

iy A

[219]

o O‘]
= »

=

T

=
=

o
9l

=

+ T 1a
]

[e)

2= 0]
A
& o] 5 Lheh
=
=
20 2
=

1
7]

5
=
2

AR
prs|
2]

gk

|

o
-
Kol
T

=
=

23 H
»-7] BDPCM

)
A

3
A 59 AAFL

e

T .

T
T .
T

of, 7] AA B5

13
1

T
=

tH(S730). €

=
=

H1E
=3

=

o1, 471

T
=

3
=

of, 7] dAFd 4B

=
=

ks

T
=

, ol

=
=

o

BDPCM
BDPCM©| %
o] 7] A4, 4
el 4= 9l

A A

[220]
[222]

of AA7<2 7l

AL
=

X
o

oH
uE

A A

T
N
i:l

~

Hiu

i:l

Hiu
Zn

-

T

i:l

A 2 A
A A 7

Hiu

o] ##]

=

AL

X
o

{]

<
o



WO 2020/256389 PCT/KR2020/007811

[223]
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AME0 A FE Alg 7 A7) i A A 7E A& 45 79 dAwY
AME] H A FE Al gkl ARtol mEE 5 vk =, ol E 501, 7] dAl
E59 o S hako] 4 Whakl B9, i Bl A wE A S e e
JAEELS 7] e dl Al 7E AE2] AT Al a3t A7
AT AEY S T A TE S dAwFE AT gk ARt e
T deh 3, AV i B AR E A Eol A1 AAl 5] 30AA & = A
AA k= A5, A7 i dl A FE AEel thgk Al g Al ESS V|Hio R
A7l Y Bl A TE AE] Al AFE AT dkol EEE g vk S, 37 i
A7 d AEol V] A &5 AMA & 1= Aol X8k A7, Y]
e Al A5 AEel the A s A ESS Y] Y dAFE A=
A AL Al dhe yER 5=

o & 5o, 7] Bl A 5 <E A X = transform_skip_flag, last_sig_coeff_x_prefix,

last_sig_coeff_y_prefix, last_sig_coeff_x_suffix, last_sig_coeff_y_suffix,
coded_sub_block_flag, sig_coeff_flag, par_level_flag, abs_level_gtl_flag,
abs_level_gtX_flag, abs_remainder, coeff_sign_flag, dec_abs_level /0= mts_idx
59 Ag 2 ey E S(syntax elements)s £ &8 5= 91T},

TAACRE, A E 50, 37 dAFE AE= 7] A &5l theh Hst 7]
SW2E 23T AT AV A 27 S Y] AX £ AS A8
A5 YEH = Aok S, A7 Wk 27 Y= AV A E59 Y
A F L AlgFEel #gto] A& ¥ A=%] o] & EL = AT} e ol &
E01, 7] @A &350l 471 BDPCM ©| 285 = 749, 7] @A &5 gt
A7l Mgk 27 EY s A" EA 8 oL, A7 s 23] S
#2158 52 (inferred) 5= ATt =, 871 @A £l 7] BDPCM ©|
AGH = A5, 37 dAFTE ARE 7] dA S50 gk 7] 93 27

= g AaL, A Ag 23 Y] gE 1R
= (inferred) = AL, 7] HAl 52 W3 23] E5U vt AV ®
27 ZU 25 Vel = 292 A E = A< ¢F ransform_skip_flag & <
A

ESH ol E 5o, AV dA TR AR AV A4 £
W & (array) ol A WFA 9t 7=-A] Z(non-zero) H A 74 Al 9 A& VER =
AA ARE 23+ = vk =, 7] dAFE AE = 7] 84 59 290
<A (scanning order) | A 2] WA 2} +=_A| 2 (non-zero) | X+ L
e &= 9A] AR E 3138 5 A Th A7 A AR S 7] ahA e A =2
A A7 A9 &€ 9 X(column position) 2] 3Z 2] & X (prefix)E Y EFU = 4 X,
A7] npA e = A2 A 5L Al52] 3 2] 2] (row position) 2] 3T 2] X (prefix) &
UEl &= AR, A7) v 22 = A2 A 7L A2 € 9 X](column position) 2]
A 2 (suffix) S WEF = AW, A7) v = 2 gl A 5L Alg=e] &
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[226]

[227]

[228]

[229]

[230]

55

AR gk A e A HE EE last_sig_coeff x preflx last_sig_coeff y preflx
last_sig_coeff_x_suffix, last_sig_coeff_y_suffix & 5 AT} gHH, +=A| 2 & X7
A4~ F & A5 (significant coefficient) 2}l B 5% AT} L3 o & 0],
71 AA 250l Mg 23] E5Q A5, A7 dlAFE E = 7] AA
E59 U A F4d Al v H(array)oll A mEA] 2 =-A] Z (non-zero) @l A+ 4

A%l X5 hehl 42 A0S 25 42 5 9

TS B B0, 7] dAFE AE= V] dA 52 i’ﬂ A Fg MEo
ol ]Coq A7} T=-A Z(non-zero) @ A 74 AF=¢1 A o] & el = /&
Al ZHl L, A7 AAFE Aol o gk Al 8 ] 9 2 B (parity)©ll o g+
sfele] A Fel oz, V] Al el Al A AIX By F4] o ol T gk A1
A el Eel o ] AR AGe] 471 A5 o] A2 Q1A A w et

A o 3ol thgk A2 Al Gl FH 1 E 9 S ATk AVIAL AV A
A &8 1= 81g coeff_flag A = AL, &7 sl 2l ¥ e'¥l Efi1+=

par_level_flag & = 21, 471 A1 A5 @8 E 2 71 abs_level_gtl_flag €

NaL, 7] A2 Al 28 Sl 15 abs_level_gt3_flag = abs_level _gtx_flag &

A
T 3

T3 Oﬂ-%% VA7 AA T Y AR dJA £S5 dA T A S dAw
AGe H5 & el = AR 828 £33 5= ) 7] AR S8 2+
coeff_sign_flag & = At}

E3 o & B, A dAFE AR E A A 552 ¢AFE S
A A 5L A5 kel thet Ak BE ARE 2t = ) A Algak
I A H 3= abs_remainder '2/5 = dec_abs_leveld 5~

L o & 59, 47 944 4 E= BDPCM Xﬂ oF Z EH:L-— ¥ a8} 2= 9jul.
13w 4=z 271 BDPCM ©] Al 9FE]i=%] o] -5 ez BDPCM A of
Z1E A a7 Uk =, ]-% £}, BDPCM Al &F =3 17}
Alzad e 4 Q) 47l BDPCM A oF &l 1= BDPCM ©| A <f 5 ~X1 =
el 9= lth o & E91, 191 BDPCM Al & =3 13= BDPCM 7}8 =& 1.2
Fkol 090 & vetd = vk =, ol & &9°f, 191 BDPCM Al ¢ E3l 1+ (A A
od 4}el] th&e]) BDPCM ©| 7}-&3HA] %—?—%z HERd = Ut oA 2, o 5
E0°], BDPCM Al oF &2 19| gkol 191 4 -9-, BDPCM Al oF &2 1= (H A
%47l thste]) BDPCM ©] 7H&-38H#4] e &8 HErd = ltt. whebA|, BDPCM
AloF Ze 19 ghol 191 A5, 7] BDPCM S 1= Al 219 H A k& &
AL, %71 BDPCM = 8 713= 0.2 % JF(inferred)d = AT} 3 o & 501,
0%! BDPCM xﬂ °f & 13z BDPCM °fl th &k Al of 2215 F-ashA] &5 4 At
thA] e, o & , BDPCM A oF Z e 71.2] gkol 0<1 7 --, BDPCM A oF
= ¢ 13= BDPCM 01] o gk Al of 2718 F sk A F2 5 Aok 4] BDPCM
A oF ZH 2ol 2182 Al HE = no_bdpem_constraint_flag & 5+ 1T}
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AZA S Fotel vad FA=R AEE 7 U oAV e A= wEd
R/E= TS = 29 47 3laL, Y A" Al Ali= USB, SD, CD, DVD,
=72 °l, HDD, SSD 5 W3 A g wj 2] & £kt o= Sl

E8E FawAlo g G fla Y WS ek lad AAE N EHA LR
LrERRITE. 5 700 A AHATE B S 5 gell A AL 1 A ol o] 3o
TAE A TAH SR o & 50, k82 V] lAE A ¢S =
72] §700 WA 7205 =3 = QAL 7] Q13 GA o AERY] Qlad
S7305 T3 7 ATk Eok, ] E AT A Sk ey Y] dAl S5l ti %
AAFE AEE EEshs A2 Q7] 3 A 9 el Ao A el
olsted =3 5= 9laL, 7] A &5l 3 AAFE e S5 AEE
7IRbo 2 7] A A &5l thE el S R 58l HHE Y sk HA4E

FE Aot FAH LR g F Fof, & 99 $900 A $920-= F7] H A
dale] IE R v g ol oste] e 4= 9la1, & 99] §930- 7] H AT
F| o] o S3t-ol] o5 940& 7] Had 4] 9]
7Habel oste] e E 4= gl

Ui A2= @A E59 F 9 o7 H o st &5 Alo]=RHu) A7y
e x] #ek3el(8900). Ul 2 A ol & W o7t Huf At
E5 Aol =B} 2PAY 24 wad = Q) ] Ho HE &
A7) Ao A3k 55 Alo] =& UE = JRE 7|4
5o, 7] Ao AE £E5 Alo]l=E Yehll & JH= sto] 1
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Alol &=

1PN
Foto] AladHE ot o & 5o, A7 HUl A 5 Aol =& YEM &=
A B = SPS(Sequence Parameter Set, SPS)E E-3to] A| 21U HE &= ), o &
50,37 U W3 5 Alo] 25 e = AR g A dEHE=

sps_log2_transform_skip_max_size_minus2 o =it

e 2= 471 #F 2 A7) sol7E 7] Ao Mk E5 Alo]l=H .t} 27
2o A9, A7 A £l e BDPCM(Block-based Delta Pulse Code
Modulation) &-& o] & el = BDPCM & &7 15 & 53H(S910). U] 21
AA=HEAEYZ ot QY ARE 5 vk 37 @ AR+
&l 2] £ o 3 BDPCM(Block-based Delta Pulse Code Modulation) %] & o] %=
L Eluli= BDPCM Z38 15 2315 5= 9t

ESH o 5 5o, V] A 59 Aol =B VW o 2 4] A A Bl g
BDPCM(Block-based Delta Pulse Code Modulation) %} -8 ©]3-Z 1} e}l 3= BDPCM
ZW 7t E5E 7 Aot AV F E V] ol A A Mg E5
Abolz Bt A A& A9, iy A= A7 dA E5e thE
BDPCM(Block-based Delta Pulse Code Modulation) %} -8 ©]3-Z 1} e}l 3= BDPCM

——7
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S5 E5T F ALt S, dE B, 37 F L AT =ol7F 4] FHu A
E5 Aol 2R A AY Z2 A9 A7 944 4H = 7] BDPCM £33 18
T AT EaE, 3] F = Y] ol ] Ad) ME E5 Alo] = H T
A, S 7 F 3] Eol F Aok sty d] Ao WE S
Alol 2Rt} E 79 A7) @A) £l th $F BDPCM(Block-based Delta Pulse
Code Modulation) & ¢] %5 el = BDPCM S8 17} & 55 A &8 4
ATH A& Eof, 7] F = 47] =ol7h 7] A M3 E5 Alo]=HT &

2l Ao stz 7] Aol Wd E5
Alol =Rt} & A5, 7] d A &5l t)  BDPCM(Block-based Delta Pulse
Code Modulation) %4 o] #-Z e = BDPCM Z |17} AT 9 H B A] @48 4=
A3L, @A 5ol BDPCM ©] 485 %] & 5= St} =, o & 5, 471 &
EE= V] o7 AV AT WS EE Afol=2E U 2 A9, S, AV F R A
ol F Aok St AV Aol ME 5 Aol 2R & A9, AV 94
ARE= A7 A B0 t) g 47 BDPCM Z e 15 23614 &< = 9ot

E& o] & 501, 471 BDPCM &2 29] gko] 0 %1 75, 47] BDPCM & 1+
A7 AA &5l A7) BDPCMo| A -85 %] ¢Fa-& WEr o7 9l 3L, 7]
BDPCM =& 19] gtol 1 ¢l A5, 47| e A 50l 4471 BDPCM©] 4§ i1,
A7 AA &5l o gk BDPCM W aF &3 17F EA 8- Yebd = ok =,
o & &1, 7] BDPCM & 29| gko] 0 %1 45, 47| BDPCM &l 1+ 47|
AA| £l 7] BDPCMo| A& 5] A a1, AukA Q1 QIEw} o 2, IBC o 3,
AE oS, B B E o o] 398 Yebd 4 9la1, %7 BDPCM &8 719
ol 191 A5, 47 & Al E59l 47 BDPCMo| 485 a1, 7] @A &5l
o gk BDPCM W& Z el 17F EAE-E& vetd 5= vt o & 591, 471 BDPCM
S 29 A9 A E = 43 bdpem._flag, intra_bdpem_luma_flag £+
intra_bdpcm_chroma_flag & 5= At} 3, ol & £, 47| BDPCM =8| 1+
CU(coding unit) 9 2 Al 19" & = Qlth. o & 5o, V] dA E5& 29
H5-(coding block)¥ = 31T}

3, o B Bo], A7) 94 AH 3= BDPCM A oF 28| 15 ¥+t 4= qlo). =,
o| & So], BDPCM A oF Z & 17} Al 299 = 4= 9l t}. 4} 7] BDPCM A <F
Z#) 713= BDPCM ©| A F%=4] o] -5 el 4= Ut} o & £91, 191 BDPCM
Al E¥ 1= BDPCM 7HE Z e 19] gho] 09)-& Ve 7 ot &, o & &,
121 BDPCM Al oF Z & 1= (A A @473l thate]) BDPCM ©| 7F&-31#] e& &
e 4= 91T} TRA] @, o E £, BDPCM A oF Z e 12] ko] 191 7%,
BDPCM A oF & 1= (A A 473l tiste]) BDPCM ©] 7H&-8HA o
LER 4= 21T} wheba], BDPCM Al oF & e 719] glol 181 45, 7] BDPCM
ZW 2= A1 E A @& 5 3L, A7) BDPCM &8 1+ 09.%
{F(inferred)d 5= ATh WS, o & 01,021 BDPCM A °F % 2 713= BDPCM ¢
o gk A oF 2718 FHatA] & o Stk thA] 2, ol & E°], BDPCM A oF
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ek, A7) o A ARl 4] Al BE el A A Ei Aol
AAS= A5, 371 A el A 7L A=l g Ald s deidESg 7o =
71 S w AL A Ee] A FE Al ghel =54 5= At
of| & &0, 47| @l X 7<¥ A B transform_skip_flag, last_sig_coeff_x_prefix,

last_sig_coeff_y_prefix, last_sig_coeff_x_suffix, last_sig_coeff_y_suffix,
coded_sub_block_flag, sig_coeff_flag, par_level_flag, abs_level_gtl_flag,
abs_level_gtX_flag, abs_remainder, coeff_sign_flag, dec_abs_level /0= mts_idx
o A e 2 AP E E(syntax elements)= E &S 5 T}

TAR R, E 5o, 7] dAFE AR= 7] A &5 gk Hsk 23]
SW2E 23T AT AV A 27 S Y] AX £ AS A8
o -5 yetd = vk S, AV Wgk 23] S AV A 59 4
A F L AlgFEel #gto] A& ¥ A=%] o] & EL = AT} e ol &
E0°l, %71 BDPCM = #29] gtol 191 A9, =5, 471 A A 50l %47] BDPCM
ol &= 4T, BV AA EF0 e Ar] Hek 23] S
NIIEHE A & 4=, 7] Wk ~%] S22 32 12 7+ (inferred)
= 9lTh 2, 447] BDPCM Z#19] gto] 191 49, = 47| &) B-%o) 47]
BDPCM ©] 28 %= -, 7] @4 AH = 7] A &5l gk A4r] wst
27 S aE FOEHA S ¢ AL, AV w27 S g2 1e
= (inferred) = AL, 7] HAl 52 W3 23] E5U vt AV ®
27 FH2E YERY = 2192 A A E = A< 3 ransform_skip_flag & 5

o]
AR

riot
ofo

e

2t

T3 o & 5o, A7 A FE AR 7] @A £S5 dAFE A
Al & (array)oll A w4 2 #=-A| Z(non-zero) B A7 & Ao |12 & VEM =

AA BRE L3S 7 Ak S, A7 dAFE ARE 7] A £S5 2904
<A (scanning order) | A 2] WA 2} +=_A| 2 (non-zero) | X+ L
UEMH &= 1A ARE 2318 5 At} 7] 1A AR = 37 v =-A| 2
A A7 A9 &€ 9 X(column position) 2] 3Z 2] & X (prefix)E Y EFU = 4 X,
A7] npA e = A2 A 5L Al52] 3 2] 2] (row position) 2] 3T 2] X (prefix) &
UEl &= AR, A7) v 22 = A2 A 7L A2 € 9 X](column position) 2]
A 2 (suffix) & e = A B, 7] vpA ) = A 2 E AL Al 8
A X (row position) 2] A= A (suffix)E UEM = A BE 233 o sl 47] $1A
ARl gk A8 A A HE E-2 last_sig_coeff x_prefix, last_sig_coeff_y_prefix,
last_sig_coeff x_suffix, last_sig_coeff_y_suffix & = AT} A, +=-A| 2 G A 7F<L
A= & Al 5= (significant coefficient) 2} 3l B2 =5 QIth E3H o & S0,
A7 A ESol Wd 23] ES5Q0 A, A7 HATE JE e 7] 9A)
E5 9 A A w<E AT vl & (array) ol A mFA] 2 =-A] 2 (non-zero) T A7 &
A HAE Yethdl = A2 ARE E8atA] = 5 At

e o & 59, 7] dAFE AR A7 dA E59 dA7FE S
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=
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F A AR S i 1ol el w7k B A o] W glel S
A gk A 5 g ol @ gle Aol

Aol A At A el E-& R A, ufo] AR ZRAM, ANEZ Y Tz
F gl A FAE o F3E 5 ) o & 5o, 2 oA AE V] E
FHAES AFH, TEAAM, mpol AR T2 AN, AEEY Ei= 3 Aol A
T A= 6§ = ZF AT} o] A5 & 93k A H(ex. information on
instructions) &= g Zo] g A g A& Aol A= 4=
ERh UH«] ’“/\1 o Zol A&¥= iy A H lad XLZ]L
H o} W Sl AA], Zakd FA v, 2 Al vl vl BT Q0 A
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