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(57) ABSTRACT

In a case that luminance information is used for a chromi-
nance prediction in a separate coding tree structure, there is
a problem that chrominance blocks cannot be decoded
before all luminance blocks constituting a tree are decoded.
An image decoding apparatus that splits an image into
coding tree units (CTUs) that are rectangular for processing
includes a CT information decoding unit configured to split
a CTU of the CTUs into coding trees CTs and to process one
or more color components as a single coding tree using one
coding tree CT of the coding trees CTs or process two or
more color components as a separate coding tree using two
or more coding trees CTs of the coding trees CTs depending
on a tree mode, a CU decoding unit configured to decode a
split flag indicating whether to further split a CT of the CTs
and to recursively perform block splitting, and an intra
predictor configured to use a decoded image of one color
component to generate a prediction image of another color
component. The CU decoding unit does not decode the split
flag from coded data but configures 1 in the split flag in a
case of an intra slice, the separate coding tree, and a target
CT size being larger than a prescribed maximum intra size.
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coding,_quadtree{ x0, v0, log2ChSize, cqtDepth, comp_maode } { Descriptor
f(x0 + {1 =< log2ChSize ) <= pic_width in luma samples &&
yO + [ T <<log2CbhSize } <= pic_height in luma samples &&

log2ChSize » MinChLog2SizeY —SYN14208
split_cu_flag] x0 1 v0 ] ae(v) ~SYN1421

if cu_gp_delta_enabled flag && lop2ChSize == «8YN2300

Log2MmCuQpDeltaSize ) {

IsCuQpDeltaCoded = 0 —SYN2301
CuQpDeltaVal =0 —S¥N2302

H

U( split_cu_flag <0 ][ y0]) ¢ —S¥N1450

X1=x0-+(1<<{leg2Chlze —1})
yl=y0+{1=<(leg2CbSize - 1})

coding quadiree( x0, v0, leg2ChSize ~ 1, cqilDepth + 1, comp mode ) —SYN1451A
{ %1 <pic_wxlth in luma samples )

coding,_quadiree! x1, y0, log2ChSize ~ 1, eqiDepth + 1, comp_maode ) —SYN1451B
if{ y1 <pic_height m luma samples )

coding_quadiree! x0, y1, log2Ch3ize — 1, eqtDepth + 1, comp_mode ) «SYN1451C

iff x1 < pic width i huma samples &&
vl < pic_height in luma samples )

coding_quadtree! x1,y1, log2CbSize — 1, cqtDepth + 1, comp _mode ) —3YN1451D
}else
cading_binarvtree(x0, v0, log2CbSize, log2ChSize, cqtbDepth, 0, ~—SYN1460
comp_mode }

i

FIG. 9
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coding_binarvtree( X0, v0, log2ChWidth, log2Cblieight, cqtDepth, cbtDepth, Deseri
comp mode ) { ptor
1 C{(1 == 1log2CbWidth) > minBTSize || (1 << log2CbhHeight) » mmBTSize ) &&
{1 <= log2ChWidth) <= maxBT3ize && (1 <<<log2ChHeight) <= maxBTSize && —SYN1461
cbtDepth < maxBTDepth )
split_bt_mode] x0 }[ v0 | ae(v) [-SYNI4H
iff cu gp delta enabled flag && log2ChSize >= Log2MinCuQpleltaSize ) { —SYN2300
IsCuQpDeltaCoded = 0 - SYN2301
CuQpDeltaval =0 —SYN2202
}
i split bt modef xO [ y0 [==1){/ Isplit bt flag —SYN1481A

x1 =x0+ ( 1= log2ChWidth— 1))
coding_binarytree( xU, yU, log2CbWidth - I, log2ChHeight, cqtDepth,

SYNT491A
chtDepth + 1, comp_mode } [~
f 11 <pic_width in luma_samples )
coding_binarytree x1, v log2ChWidth — 1, log2CbHeight, cqtDepth,
g_binarytree( x1, 0, log2ChWi g2ChHeight, cqthep —SYN1491B

chtDepth + 1, comp mode )

else if( split bt modef xG [ v 1=2)¢ —SYN14818
y1 =y0+ (=< log2ChHeight - 1 1)
coding_bmaryiree( x4, v0, log2ChWidth, log2ChHeight ~ 1, cqillepth,

—SYN1481C
chtDepth + 1, comp mode }
Wyl < pic_helght i luma_samples )
coding hinarvtreed x(, ¥1, log2ChWidth, log2ChHeight - 1, cleapth,
BmAneR ©L L o8 s Tee e —SYN1491D
chtDepth + 1, comp_mode )
:
else
coding_unit( X0, y0, log2ChWidth, log2ChHeight ) —SYNI5S00

FIG. 11
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coding_anit( X0, y0, log2CbWidth, log2Chlleight ) { Descriptor [—SYN1500
Mf{ transquant_bypass_enabled flag) —SYN1505
cu_transquant_bypass_flag as(v)

iff shice _typel=1)

cu_skip_flag| x0 || y0 ] as(v) p—SYN1511
nChW = ( 1<<log2ChWidth )
nCbH = { 1<<log2ChHeight }

if{ cu_skip flag[x0 [ y0 1) —SYN1512
prediction_umit{ x0, yO, nChW, nChH ) —SYN1632
else !

if shice_typel=1)
pred_mode_flag ae(v) J—SYN1513
if( CuPredMode] x0 J[ Y0 | =MODE_INTRA ||
Hop2ChSize==MinChLog281zeY )
part_mode ac(v) J—-SYN1514
1f{ CuPredMode] x0 | y0 ]==MODE INTRA) {

i else §
iff PartMode==PART 2NN 3
prediction_unit( x0, v0, nCbW, nChE ) —SYNT1631A
else iff PartMode==PART 2NxIN ) {
prediction_unit{ X0, y0, nCbW, nCbE / 2 - SYN1631B
prediction_uni x0, yO + {nCHW / 2), nChS, nCbhH / 2) —SYN1631C
b else 1f( Partviode==PART Nx2N )} {
predicuion wu X0, vO, nChW/ 2, nChH ) —SYNTG3 1D
prediction_umt( X0+ nChWw /2, y0, nChW /2 nChbH ) —SYN1631E
}else { 7 PART NxIN %/
prediction umit{ %0, v, nCbW /2, nChH /2 —SYN1631F
prediction_unit{ x0 + {nChW /2, v0, nChW /2 nChH/ 2) —SYN1631C
prediction unit( x0, v0 + {nCbhW /2), nCbW /2, nCbhH / 2 ) —SYN1631H
| prediction vt X0+ (nCbW /23, y0 +{nChH / 2}, e SYN1631]
nChW /2, nChH / 2)
i
5
rqt_root_cbf —SYN1515
if{ rqt root chf) § —SYN1516
transform_tree( x0, v0, x0, v0, log2CbWidth, leg2ChHeight, 0, 0) —SYNTTO0

FIG. 15
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prediction umit( x0, v0, nPbW, nPbil ) § Descripior }—SYN1600
il cu skip flagfxO [ y07) ¢
] MaxMNumMergeCand > 1)

merge_idx] x0 ][ v0 ] ae(v)
i else { /* MODE _INTER %/
merge_flag] 0] v0 ] 2e(¥)

if{l merge flag[ x0 ) ¥0]){
if{ MaxNumMergeCand > 1)

merge_idx[ x0 [ v0 ] ac(v)
} else {
iff shice type==B)
inter_pred_idef <O [ v0 | ac(v)

H(nter_pred 1def x0 [ vO P=PRED L1) 4
il mum ref idx 10 active minusl > 0)

ref_jdx_10] x0 ][ y0 ] ae(v)
mvd_coding( %0, y0, 0)
myvp 10 flap] 0] v0 ] ae(v)

H
i inter pred 1del x0 || 0 [1=PRED L) {
iff nun_ref idx 11 active minusl = 0)
ref_idx 1] x0 ][ y0 ] ae(y)
i mvd 11 zero flag &&
mnter pred ide] %0 [ vO |==PRIED BI){
MydL1[xO[yO [0 ]=0
MyvdL1[x0O[vOJ1]=0
} else

mvd codingf x(, y0. 1)
mvp_[1 flag] x0][ v0 ] ae(v)

;

|
]

FIG. 16
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transform_tree( x0, y0, xBase, vBase, log2TratoWidth, log2TrafoHesght, trafoDept
h, bikldx ) {

log2TrafoSize = Max (log2TrafoWidth, log2TrafoHeight)
i log2TrafoSize <= MaxTbLog2S12¢Y &&

Descriptor f—SYN1700

log2TrafoSize » MinTbLog28ize Y && —SYN1721
trafoDepth < MaxTrafoDepth &4 ! IntraSplitFlag && (trafoDepth = = 0 )
sphit_transform_flag{ <0 | v0 ][ trafoDepth | as(v) [—S¥N1731
cbf cb[ x0 || v0 ][ trafcDepth | as(v)
cbf_er| x0 ][ y0 ]| trafoDepth | ac(v)

}

1 split_transform flag] x0 |} yO |f tratoDepth | }
xl =x0+ (1 << {log2TrafoWidth— 1))
vyl =y0+(1 <= {Jog2TrafoHeight - 1))

if (trafeDepth == 0) —SYN1 754
amt_flag [ x0 ][ y0 )| trafoDepth | ae(v) p-—-SYN1J55
transform_tree( X0, v0, %0, ¥O, log2TratoWidth — 1, lop2TrafoHeght — 1, trafold )
epth+1,0)

transform_tree( x1, y0, x8, y0, log2TrafoWidth 1, log2Trafolleight 1, trafoD
epth+ 1,1}

transform_tree x0, ¥1, x0, ¥0, log2TrafoWidth - 1, log2TrafoHeight — 1, trafol - SYNIT56
epth+1,2}
transform_tree( x1, v1, x0, v0, log2TrafoWidth — 1, log2TrafoHeight — 1, trafoD
epth+1,3) :
else §
W CubredMode[ x0 [ ¥ 1 == MODE INTRA || trafoDepth = 0 ||
cbt cb| x0 | 0 ]| trafoDepth | || <bf erf x0 ]| yO }i trafoDepth | )
cbf_lumaj x0 }{ v0 i| trafoDepth | ae(v) J—SYN1751
i {cbf luma| x0 }| y0 || raloDepth | && trafoDepth == 0)
amt_flag [ <0 ][ vO J[ trafoDepth ] ae(v) J-SYN1/53
transform_emit{ x0, ¥0, xBase, yBase, log2TrafoWidth, log2TraloHeight, trafoD —SYN1760
epth, blkldx )

FIG. 17
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— ) > TrafoWi o ‘ -
gag;f‘lqgfj_lgmt( %0, y0, xBase, yBase, lop2TrafoWidth, logZ2TrafoHeight, trafoDept Descriptor [—SYN1760

log2TrafoSize = Max (log2TrafoWidth, log2TrafoHeight)
log2TrafeWidthC = Max( 2, log2TrafoWidth — { ChromaArrayType == 370

1))

log2TrafoHeightC = Max( 2, log2TrafoHeight — ( ChromaAmayType == 3?70
1))

cbiDepthC = trafoDepth - ( ChromaAmayType = 3 && loglTrafoSiz = =
2)71:0)

XC = { ChromaArravType 1= 3 && log2TrafoSize == 2 ? xBase ' x0
yC = { ChromaAmayType = 3 && log2TraleSize == 207 vBase 1 y0
chfluma = cbf humal %0 ][ y0 | wrafoDepth |
cbfChroma =
ebf_cb[ xC )L vC ) cbiDepthC ] |
cbf ot xC || yC | cbfDepthC )
iff cbfLuma || ¢bfChroma ) —SYN1761
delta_gp()
chrome_qp_offset] )
if cbfLuma ) - SYNi781
residual coding( %0, ¥, log2 TrafoWidth, log2TrafoHeight, 0 ) —SYN180G
if{ blkldx == 33§
if] cbf_cb[ xBase | yBase || trafoDepth - 1])

resicual coding{ xBase, yBase, log2 TrafoWidthC, log2TrafoHeightC, 1} —SYN1800
if cbf cor[ xBase [ vBase ) wafoDepth—11)
residual_coding( xBase, yBase +

tidx, log2 TrafoWidthC, log2TrafoHeightC, 2 ) —STN1800
}
if (amt_flag = t= 0 && numCoeff > core SIGNUM)
ami_idx [ «0 ][ y0 |[ trafoDepth ] ae(v) (-SYNIS11,
SYN1812

L.

FIG. 18
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{a)

ctu_tree_mode

Name

0

CTU_SINGLE_TREE
/CTU_SHARED TREE

CTU_SEPARATE TREES

(b)

ctu_tree_mode

Name

0 CTU_SINGLE_TREE
1 CTU SHARED TREE
2 CTU SEPARATE TREES

(c)

ctu_tree_mode

ChromaArrayTy |[Name

pe

0 CTU_SINGLE_TREE

1-3 CTU_SHARED TREE
13 CTU_SEPARATE_TREES

(d)

ctu_tree_mode|{NumColourCom |[Name
ponent
1 CTU SINGLE TREE
>1 CTU _SHARED TREE
1 >1 CTU_SEPARATE TREES

FIG. 23



Patent Application Publication  Aug. 13, 2020 Sheet 24 0f 49  US 2020/0260096 A1
(@)
ChromaArrayType | Name NumColourCom
ponent
0 4:0:0 1
{monochrome
or separate)
1 4:2:0 3
2 4:2:2 3
3 4:4:4 3
(b
ctu_comp Name NumColourCom
ponent
0 COMP 0 1
1 COMP _012 3
2 COMP_12 2
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(e

DECODE CTU

YES 51301
DECODE TREE MODE

O
P

DECODE CTU

$13008
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O
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(a) coding, tree_unit() { Descriptor
xCth = { CibAddiInRs % PicWidthInCthsY y<<CthLog28ize¥
vCib = { CthAddsInRs / PieWidthInCtbsY y<<CtbLog2S1ze Y
#{ slice_sao_luma_flag || shice_sao_chroma_flag )

sao{ xCth >> CthLop2SizeY, yCitb >> CtbLog2SizeY )
ctl_comp = {otu_tree_mode i~ CTU_SEPARATE) 7 COMP _012:

COMP 0 —-5YN1210
coding_quadtree{ xCth, yCth, CthLog2SizeY, O, ctu_comp ) —SYNT311
if {otu_tree_mode == CTU SEPARATE)

{
ctu_comp = COMP 12 -SYN1320
coding_quadires{ xCth, yCtb, CtbLog28izeY, 0, COMP 12) —SYNT321
i
3
(h) Jeoding tree wmit() { Descriptor

xCth = { CthAddrinRs % PicWidthinCtbs Y )<<Cthlog251zeY
yCtb = { CthAddrinRs / PicWidthInCtbsY y=<=<CthLog28517e ¥
chu_tree_mode ae(v)  —-SYN13Q1
if{ shice sao luma flag || shice sao chroma flag)

saof xCib »> CibLog23izeY, yCib »= CtbLog28izeY )
ctu_comp = {ctu_tres_type I= CTU_SEPARATE) 7 COMP 012

COMP 0 —5YN1310
coding_quadtree( xCtb, yCtb, CthLop2SizeY, 0, ctu_comp } —SYNT311
if (ciu tree_mode == CTU SEPARATE)

{
ctu_comp = COMP 12 - 5YNT320
coding_guadirse{ xCth, yCtb, CibLog2SizeY, 0, COMP 12} —SYN1321

H

i
(¢} lcoding tree unit() { Descriptor

xC&a = { CthAddrinRs % PicWidthInCihsY y<CtblLog2SizeY

yCtb = { CibAddsInRs / PieWidthInCtbsY y«<CibLog2SizeY

if {shice_type ==1) ~SYNT300A
ctu tree mode ae(vi p-—-5YNT301

il shice_sac_luma_flag || shice_sao_chroma_flag )
sao( xCtb > CihLog2SizeY, yCib >> CtbLog251zeY )

o _comp = {ctu_tree_type I= CTU_SEPARATH) 7 COMP 012 e SYN1310

COMP_D
coding,_quadtree{ xCth, vCtb, CthLogZSizeY, €, ctu_comp ) —SYNT311
i {cws tree_mode == CTLE_SEPARATE)

i
ctu_comp =CCOMP 12 —SYN1320
coding quadtree{ xCth, yCth, CtbLog2S8izeY, 0, COMP 12) —-SYNT311

i

FIG. 26
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DECODE CU

$1420A

INTRA SLICE, AND BLOCK SIZE
BEING LARGER THAN MAXIMUM

SIZE
-$14208

BLOCK

YES

SIZE BEING SMALLER THAN
VES MINIMUM
NO
S14224 514228 51421
CONFIGURE 1IN SPLIT CONFIGURE 0 IN SPLIT DECODE SPLIT
FLAG split_cu_flag FLAG split_cu_flag FLAG split_cu_flag
/
END
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DECODE CU
r 5142042
INTRA SLICE, SEPARATE

CODING TREE, AND BLOCK
SIZE BEING LARGER THAN

MAXIMUM SIZE ~S1420B

\/ SIZE BEING SMALLER THAN YES
YES MINIMUM
£S1422A 514228 , 51421
CONFIGURE 1IN SPLIT CONFIGURE 0 IN SPLIT DECODE SPLIT
FLAG split_cu_flag FLAG split_cu_flag FLAG split_cu_flag

END
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s

DECODE CU

S1420A3

SEPARATE CODING TREE, AND
BLOCK SIZE BEING LARGER THAN

MAXIMUM SIZE
$14208

BLOCK
SIZE BEING SMALLER THAN
MINIMUM

YES
YES

NQ
514224 ~$14228 ;51424
CONFIGURE 1IN SPLIT CONFIGURE 0 IN SPLIT DECODE SPLIT
FLAG split_cu_flag FLAG split_cu_flag FLAG split_cu_flag

END
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{a) { coding quaduee( x0, y0, log2ChB:ze, cqtDepth, comp mode ) | Descripior
] x0+ (1 << log2ChSize ) <=pic_width in huna samples &&
v+ (1 << log2ChSize ) <= pic_height in huva samples &&

log2ChSize » MinChLog2SizeY —S5YN1420B

&& Wslice_type ==T1 && (1<<log2ChSize) > —SYNT14204
maxIntral umaBlockSize) ]

split cu flagf x0 [ v0 ] as(v) —SYN1421

i split cu tlag %0 § v0 1) ¢
¥l =x0 4+ (| <<{ log2ChSize - 113
vl o= vQ+ (1 <<f Jog3ChSize — 1 1)
coding quadtree( x0, v0. lop2ChSize — 1, cgepth + |, comp mode )
coding guadtreel x1, v0, lop2Ch3ize — 1. catDepth + 1. comp mode }
coding quadtree! x0, v1. log2Ch8ize ~ 1, catDepth + 1. comp mode )
coding guadtree( x1, v1, log2Cbh3ize — 1, ectDepth + 1, comp mode )
t¢lse
coding binarytree(x0, v0, log2CbSize, log2ChSize, cqtDepth, (,
comp mode }
]

{b) | coding_gquadtree x0, v0, log2ChS:ze, cqtDepth, comp_mode ) { Descripior
H %0+ {1 << log2ChSize ) <= pic_width_in_luma samples &&
v+ {1 <<log2Chb8ize ) <= pic_height in_luma samples &&

log2Ch8ize > MinChlLog2SizeY ~=SYN1420B
&& I(slice type ==1 && ctu tree_mode == CTU SEPARATEZ:SL «—SYNT420A2
{1==log2ChSize = maxintral umaBlockSize) )

split_cu flagl x0 | vO 1 ae(v) «—SYN1421

i split cu fapl xO0 Y v0 1) ¢
xl=x0+ (1 << ( JogdChSize — 1] )
vl =y0+ {1 << (log2Chiize —1 1)
coding quadiree( x0, v0, log2ChSize — 1, cytlepth + 1. comp mode )
coding guadtree! x1, v, log2ChSize - 1, cgtDepth + 1, comp made )
coding guadtree! x0, v1, log2Ch3ize — 1, ctDepth + 1, comp mode )
codimg guadtree! xl. v1, log2ChSize ~ 1, cctDepth + 1. comp mode )
! else
coding_bmarytree(xQ, y0, log2CbSize, log2ChSize, cqDepth, 0,
comp mode )

:

{¢) | coding_quadtree( x0, y0, log2CbSize, cqtDepth, comp_mode ) { Descriptor
R0+ (1 << hog2ChSize Y <= pic_width in_huna samples &&
yO + {1 = log2ChBize ) <= pic_height in_lumsa samples &8

log2ChSize > MinChLog28izeY —SYN1420B
& |(ctu_tree_modle == CTU_SEPARATE&& (1<<Iog2ChSize) > —SYN1420A2
maxniral umaBlockSize) )

split_cu flag] x0 |[ v0 | aelv) «—5YN1421

HUsplit cu flagl Oy y0 1) €

¥l =x0-+( 1 <<{log2Chlize ~ 1 1)

vl =y + (1< { Jlog2Ch3ize — 13

coding guadiree! x0, v0, log2ChSize — 1, cyiDepth + 1, comp mode )
coding guadtree! xi, v, log2ChSize ~ 1, eqtDepth + 1, comp made )
coding quadtree{ x{), v1. lop2ChSwze — 1. cotlepth + 1. comp mode)
coding quadtree{ X1, v1, log2ChSize 1, cgtDepth ¢ 1, comp made )
}else

coding_hinarytres(x(), y0, log2CbSize, log2ChSize, cqtDepth, O,

comp mode )

i

FIG. 30
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DECODE CU
S1420A160
INTRA SLICE, CCLM BEING
APPLICABLE, AND BLOCK SIZE BEING
LARGER THAN MAXIMUM SIZE
BLOCK S1420B
YES

SIZE BEING SMALLER THAN

YES MINIMUM
514224 r$14228 y rSt421
CONFIGURE 1IN SPLIT CONFIGURE 0 IN SPLIT DECODE SPLIT
FLAG split_cu_flag FLAG spiit_cu_flag FLAG split_cu_flag
;
END
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(a)

(b}

()

coding_guadtree{ x0, ¥0, log2ChSize, cqtDepth, comp_mode ) § Deeseriptor
i x0 T (1 << log2Ch8ize ) <= pic_width_m _luma_samples &&
yO+ [ 1<<log2ChSize } <= pic_height in_kima_sanmples &&
logZChSize » MinCbLog231zeY
&& l(slice_type == 1 && cclm_enabled flag && (1<<log2ChSize) >
maxintralumaBlockSize] 3
split_cu flag{ x0][ v0 ] ae(v)
i sphit cu flagf xO U vO 1)1 4
¥l =504+ {1 <= ( log2ChSize ~ 13}
vl =y + {1 <= log2ChSize - 1))
coding quadtree( X0, ¥0, log2ChSize — 1. cqtDepth + 1, comp mode }
coding quadtree( x1. v0 Jog2ChSize ~ 1. cqtbepth+ 1. comp mode )
coding guadtreed xU, v1, log2ChSize ~ 1, cgthDepth + 1, comp maodc )
coding quadiree( x1, y1, log2ChSize — 1, cqtepth + 1. comp mode )
tglse
coding_binarywree(x{), ¥0, log2CbSize, log2ChSize, cqtDepth, O,
comp mode )
H
coding, guadtree( x0, y0, log2ChSize, cgtDepth, comp _mode ) § Descriptor
i x0+ (1 << log2ChSize ) <= pic_width_in_luma_samples &&
v+ (1 << jpg2Ch8ize } <= pic_height in huma semples &£&
1og2ChSize » MinChLog2SizeY
&& W(shee type == 1 && cclm_enabled flag && ctu_tree type ==
CTU SEPARATELE {1<<log2Ch3ize) > maxintraLumaBlockSize’ )
split_cu_flag[ x0 [ ¥0 | ac{v)
Ui split cu flagf QP yD 1) 4
x1=x0+ (] <<{log2ChSize — 11}
vl =y0-+ (] <<{Jog2ChSize —1})
coding quacdtree! x0, v2, log2ChSize ~ 1. catDepth + 1. comp mode
coding quaduree! x1, ¥0, log2CbSize - 1, cqtDepth + 1. comp mode )
coding quaduree{ 30 y1 log2CbSize - 1 cqtlepth + 1, comp mode )
coding guadtree! x1. vl lop2CbSize — 1 ogthepth + 1. comp mode 3
L alse
coding binaryires{x0, v0, logZChSize, log2ChSize, cqtDepth, €,
comp mode )
i
coding_quadiree( RO, ¥0, log2ChSize, cqtDepth, comp_mode ) { Descriptor
U %60+ {1 << log2ChBize ) <= pic_width_in_lume samples &&
O +{ 1 << log2ChSize } <= pic_height in luma samples &&
log2ChSize = MinCbLog231zeY
&% Wotu_tree_type == CTU_SEPARATE && cclm_enabled_flag &&
{1 <<Jog2ChSize) > maxnintral umaBlockSize) )
split_cu flag] <0} v0 ] ae(v)

i split cu thagf O w011 ¢

xl =x0+ (1 << { Jog2ChSize — 113

vl =y0+ {1 <<{ log2Chlize — 1))

coding quadtree( %0, v0, lop2ChSize — 1. egtDepth + 1, comp mode )

coding quadtreed x1. v0, log2ChSize — 1, cqibDepth + 1, comp mode 3

codme quadiree! 30, vl lop2ChSize — 1 cqtbrepth + 1. comnp mode )

coding quadtree! x1. v, log2CbSize ~ 1. cqtDepth + 1. comp mode ¥

else

coding_bmaryres(x0, v0, logZChBize, log2ChSize, oqiidepth, 0,

comp mode )
3
1

—SYH1420B
—SYN142041
cc
—8YN1421

—SYN14208
< SYN1420A2
GG
«—SYNT421

~5YN14208
«SYN1420A3
GG
«~S¥N1421

FIG. 32
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DECODE CU
CLM PREDICTIO sHoice
BEING APPLICABLE NGO
r$1402¢C r§1403CC
maxCuSize = maxCUSize =
max IntraBlockSize maxTransSize
BLOCK SIZE BEING LARGER
THAN maxCUSize
BLOCK SIZE S14208 VES
BEING SMALLER THAN
YES MINIMUM SIZE
814224 514228 , 351421
CONFIGURE 1IN SPLIT CONFIGURE 0 IN SPLIT DECODE SPLIT
FLAG split_cu_flag FLAG split_cu_flag FLAG split_cu_flag
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DECODE PU (

INTRA SLICE

YES S1610B

BLOCK SIZE BEING LARGER
THAN PRESCRIBED SIZE

$16124 L si6ios 51611
pred_mode_fiag = pred_mode_flag = DECODE
MODE_INTRA MODE_{NTER
(INTRA BLOCK) (INTER BLOCK) pred_mode_flag
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DECODE PU /

INTRA SLICE

YES

MODE OTHER THAN
SEPARATE CODING TREE AND BLOCK
SIZE BEING LARGER THAN
PRESCRIBED SIZE

YES

S1610B2

NO

S1612A 516128 51811
pred_mode _Tlag = pred_mode_Tlag = DECODE
MODE_ INTRA MODE_ INTER
(INTRA BLOCK) (INTER BLOCK) pred_mode._flag
&/)
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DECODE PU y

INTRA SLICE
5161082
YES OTHER THAN SEPARATE
. CODING TREE, NUMBER OF COLOR NO
OMPOMENTS BEING TWO OR MORE, AND BLGC
SIZE BEING LARGER THAN
PRESCRIBED SIZE
r$16124 rS1612B rSteti
pred_mode Tlag = pred_mode_flag = DECODE
MODE_INTRA MODE_INTER
(INTRA BLOCK) (INTER BLOCK) pred_mode_flag
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b

{a)

coding_ unit( =0, v0, log2ChWidth, log2ChHeight ) { Descriptor
if{ slice typet=D}
cu_skip_flag] x0 ][ v0] ae(v) [—SYN15H
nChW = { 1 <<dog2ChWidth )
nChH =( 1<<Jog2CbhHeight )

i cu_skip_flagf =0 [ v0 1) ~SYN1512
prediction_unat( x0, v0, nCbW, nChH )
else {
iff shice_type!=I && ctu_tree_mode |=CTB_SEPARATE TREES && —SYN1610A
{(nCbW +nCbH} = maxIntralumaBlockSize™2) SYN1610B2
pred_mode flag aefv) =SYNI6H

intra_mode( x0, v0, nCbW, nChH }

else
prediction_unit( %0, y0, nChW, nChH ) ~SYN1631
rqt_root_chf —SYN1513
iff rqt root cbf) { - SYN1514
transform tree( x0, v0, x0, y0, log2CbWidth, iogZCbHeight, 0,0)
}
;
(b)
coding unit{ x4, y0, log2CbWidth, log2CbHeight ) § Descriptor
if{ slice_typel=I}
cu_skip_flag] x0 ][ vO ] ae(v) |—5YNI511

nCEW = { 1 <<log2CbWidth )
nCbH =( |<<dog2ChHeight )

if{ cu skip flagl =0 ¥0 1) —SYN1512
prediction_unit{ x0, ¥0, nChbW, nCbH }
else {
if{ slice typel =l && (nCbW + nCbH) <= maxiniral.umaBlockSize®2) ngg;%gg
pred_mode flag ae(v)  k—SYN1611
if(CuPredMode] x0 [ v 1= = MODE_INTRA)
intra_mode! x0, v0, nCbW, nCbll }
else
prediction,_unit x0, v0, nCb'W, nChH ) —5YN1631
rgt_rool_chf —SYN1513
i rqt_root_chf) § —SYN1514
transform_tree( x0, v0, x0, 0, logZChWidth, log2Chileight, 0, 0)

o

FIG. 37
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e

DECODE PU

$1401CC

CCLM PREDICTION AVAILABLE NO
$1402¢C \ 5140366
maxCliSize = maxOUSize =
maxintraBlockSize maxTransSize

INTRA SLICE

YES

BLOCK SIZE BEING LARGER
THAN maxCUSize

YES

W 816124 , 516128 51611
pred_mods_flag = pred_mods_flag =
MODE_INTRA MODE_INTER DECODE pred_mode_flag
(INTRABLOCK) {INTER BLOCK)
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81301

DECODE TREE MODE

DECODE PU y

INTRA SLICE

YES
SEPARATE CODING TREE
rS1612A _ 515120 7 S1611
pred_mode _flag = pred_mode_flag =

MCDE_TNTRA MODE_INTRA DECODE pred_mode_flag

{INTRA BLOCK) {INTRA BLOCK)
éf)
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£ $1301

DECODE TREE MODE

DECODE PU 4

INTRA SLICE

YES ' 5161062
NUMBER OF COLOR
COMPONENTS BEING TWO OR
MORE AND SEPARATE CODING
rS1612A r81612C2 51611
pred_mede_Tlag = pred_mode_Tlag =
MODE_INTRA MODE_INTRA DECODE pred_mode_flag
{INTRA BLOCK) (INTRA BLOCK)

FIG. 40



Patent Application Publication

Aug. 13,2020 Sheet 41 of 49

US 2020/0260096 A1

(a)
coding_umt{ x0, v0, 10§2CbWidth, fog2Chieight ) { Descriptor
if( slice_typel=1 && ctu_tree_type I= CTU_SEPARATE) :m} ??3%;
eu_skip_flagl <0 [ v0 | ae{v) F-SYN151
nChWw = ( 1<<log2ChWidth )
nChH =( 1<<lpg2ChHeight )
#{ cu_skip_flag{ x0 J[y0 1) —SYN1512
prediction_unit{ x0, vU, n"ChW, nCbH )
else §
iff slice_typel=l && L—SYN1610A
ciu_tree_type I=CTU SEPARATE) - SYN16 100
pred_mode_flag ae(v)  +SYNI6T1
i{CuPrediode] x0 }[ y0 ] == MODE INTRA}
infra_mode( %3, v0, nCbW, nChIl )
else
prediction_unit{ X0, ¥0, nChW, nCbH ) —SYN1631
rgt_root_chf ~SYN1513
if{ gt root ¢bf) § —-3YN1514
transform_tree %0, ¥0, x0, y0, log2ChWidih, log2ChHeight, 0,0)
§
;
)]
coding umit 0, yU, log2ChWidth, log2ChbHeight ) { Descriptor
i shice_typel=l && —SYNT5T0A,
NumColowComponent > 2 && ofu_tree_tvpe 1= CTU_SEPARATE) —SYN1510C2
cu_skip_flag[ x0 }[ v0 ] ac{v) -SYN151Y
nChW = ([ <=<Jog2ChWidth )
nCbH = { {<<log2ChHeight )
i eu skip flagl 20 [ vO D) —SYN1512
prediction_unit{ x0, y0, nCbW, nCbhH }
else {
 slice_typel=] && -SYNTS10A
NumColourComponent > 2 && e _tree_type I= CTU SEPARATE) —SYN161002
pred_mode_flag ae{y)  |[~-SYN1§11
if{CuPredMode] x0 J[ ¥0 | = = MODE_DNTRA}
intra_mode( x0, y0, nCoW, nCbH)
¢lse
prediction_uni# x0, y0, nChW, nChH Y —SYN1631
rgt_root_cbf —5YN1913
i rqt_root_chf) § «—S5YN1514

transform _treel %0, v0, R0, y0, log2ChWidth, log2ChHeight, 0, 0)

i

)
£

FIG. 41
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s
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palette eoding{ %0 v0 nChS 5 | {Deserintar
PaletteScanfos = 0

log2BlockSize = bog2{ nCbS )
while{ PaletteScanPos < nChS * nCbs 3 {

¥C = w0 + Seanlrdor] log?BlockSiza 1 HalctteScanPos [

¥G = y0 ¢+ Scanlrder] log?BlockSize || 3 PaletteScanPos i ]
if{ PaletteScanPos > O |

acPrey = x0 + Scanlrder| los?BlockSize 11 3 11 PalelieScanPos — g
yePrev = yO + Scanfrder| tog2Blockbize JI 3 J[ PaletteScanPos — 1

PaletteRun = nGbS ¢ nCbS - PaletteScanPos — 1

CopyabovelndicesFiagl xC JL vC | = 0

1?\; WaxPaletteindex 5 0§
if{ Palettebcanbos »>= nGbS &% GopyAbovolndicesFlagl xcPrey If yoPrey | == 0)
(T remainingfunindices > 0 && PaletieScanPos < nCbS » nGbs ~ 13 |

€apy_ehove palette indices Tiag ae (v}
CopyAbovelndicesFlagi 0 Il vG 1 = copy above paiette indices flag

i else —
if{ PaletteScanPos = = nCbS « nChS ~ 7 &R remaininghumindices > 0
CopyAbovelndicesFlagl x0 1L vC 1 = 0
glse

CopyfboveindicesFlag] x8 J[ vC } = 1
if { GopvAbovelndicesFlagl xC 1 yC 1 == 03}
currMumindices = num_palette indices_minusl + 1 — remainingNumindices
GurrPalelleindex = Palellelndexide] currNumindices |
!
if{ HaxPaletteindex > 0 ) [
it ( CopyAboveindicesFlagl xC 3i v6 | == 93
remainingNumindi ces — = |
PaletieMaxRun = nChS # nChS - PaleileScanPos - 1 - remainingNumindices -
copy abave irdices for finai run flag
P ( remaininglumindices > 0 | 1 GoovhbovelndicesFlagl xC 10 v6 1 1=
copy above indices for finai run fiag )
if¢ Paletiefaxfiun > 0) |
palstte rup prefix ae (v
if{ { palette_run prefix > 1) 8&& { Palettelladun I=
{1 << {palette runprefix ~ 13 33 3}

palette run suffix ae (v}
i
{
rusfos = 0

while (vunPos <= PaletteRun ) |
xR = %0 + ScanOrder| logZBlockSize I J 3l PaletteScanPos [ O
yR = ¥0 r Seanlrder| logZBlockSize 3 al ettescanPos 1
{ CopyAboveindicesFiag] xC 1l yC 1 =
CopwabovelndicesFlagl @ JI ¥R} = 0
Pa!ette!ﬂdeman[ ¥R 11 y{ | = CurrFalettelndes
| else
CopyhbovelndicesFlagl R I R } = 1
PatetteindexMepl xR 11 yR | - PaletteindexMapl xR 1l yR - 1 ]
i
runfos ++
PaletteScanPostr

;

if{ palette escape val present flag ) |
for{ cldx = 0> eldx < numComps; cldu++ §

for (sPos = 00 sPos < hObS + nfbS: sPoses )
%6 = x0 + Scanlrder] logZBlackSize 1 3 5Pos 0
¥G > v0 + SeanOrder] log?BleckSize {{ 3 sPos i 1
if{ Paletteindextap] x0 [[ vO 1 = = MWaxPalettelndex )
if{eldy == 0 |} {(x0%2 == 0 & ¥64§2 == 0 &
ChromaArravTyne == 13 | | ChromadreayType = = 33 |
paletic sscape val aelv

PalettebscapeVa| [ oldx J[ xC 1{ vG | = paletie escape val
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coding umt( x0), v0, log2ChWidth, log2CbHeight ) { Descriptor
iff ransquant_bypass enabled flag) —SYN1505
cu_transquant_bypass [lag ac(v)
if( slice_typel=1}
cu_skip_flag] x0 | y0 ] as(v)  SYNI511

nChW = { Y<<og2ChWidth )
nCbH = { 1-<<log2ChbiHeight )

il cu_skip flag{ x0 ) ¥0 1) —SYN1512
prediction_umit{ x0, y0O, nCbW, nCbH
else §
i slice_type!=I) --SYN1610
pred_mode_flag ae(v)  SYN1611
i palette_mode_enabled flag && CuPredMode| x0 [ y0 | ==
MODE INTRA && log2ChSize <= MaxTbLog2bizeY && ¢tu_tree type I= - SYN1620
CTU SEPARATE )
palette_mode_flag| x0 || v0 | ae(v) |[—SYN1621
if palette_mode flag] <0 ][0 1) —SYN1623
palette_mode( x0, y0, nCHW, nChH) -~ SYN1624

else {CuPredMode] x0 }f y0 ] == MODE INTRA)
mire_mode( %0, y0, nChW, nCbH )

else
prediction_unit{ 30, ¥, nChW, nChE ) —SYN1631
rqt_root_chf —SYN1513
if{ rqt oot chf) § -SYN1514
transform_treef X0, v0, X0, ¥0, log2CbWidth, log2CbHeight, 0, 0 )

o

FIG. 45
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transform wit{ %0, vO, log2TrafoW, log2TrafoH, trafoDepth, bllddx ) { Descri
ptor

chfDenthC = trafcDepth
xC = { ChromadrayType 1= 3 && log2Trafolize == 2) ? xBase
%0
vC = {ChromaArrayType 1= 3 && log2TrafoSize == 2) 7 yBase:
v
chfLuma = cbf lumal xC ¥} v0 ¥ trafoDepth ]
ebfChroma = cbf cb[ xC }{ yC ][ cbiDepthC } |
chf off xC Jf vC I ebfDepthC ]
if( cbfLuma || cbfChroma } { —SYN1781
XP = {x{ >> MinCbLop2SizeY ) << MinChLog2SizeY
v = (v > MinChLog28izeY ) << MinChiog2SizeY
nChS =1 <<t MinChLog2S1zeY
delta gp()
1f{ ¢bfChroma && lcu transquant bypass flag}
chroma gp offset()

if{ cbflLuma ) —SYN1781
residual coding( %0, v0, log2TrafoSize 0) «SYN1800
if{ ChromadrravType == 3) {
if{ cross_component_prediction_enabled_flag && ctu_type |= «~SYN1790

CTU _SEPARATE && cbfliuma &&
{ CuPredMcde] x0 }[ ¥0 ] == MODE INTER ||
intra chroma pred mode[ X0 W v0 1 == 433 {

cross comp pred( x0, v0, 0) «SYN1791
cross comp pred( x0, y0, 1) —SYN1791
}
residual coding( x0, y0. log2TraloSizeC. 1) —SYN180O
residual codingl x0 v loe2TrafoSizeC, 2) —SYN18G0
H
H
H
cross_comp_pred( x0, v, ¢ ) § Descr: | «—SYN1761
ptor
log2 res scale abs plusl|c] ae{v) | —SYN1702
i log2 res scale abs plusi[e] = 0]
reg scale sion flagf ¢ 1 ae(v) 1 —SYN1793
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codmg_unit( x0, y0, log2ChWidth, log2ChHeight ) { Descripior
if transquant_bypass_enabled_flag ) —SYN1505
cu_transquant_bvpass flag as(v)
i slice typai=1 && ctu tree type != CTU SEPARATE)
cu_skip flag] %0 ][ v0 ] as(v) —SYN1511

nChW = { 1<<lop2ChWidth )
nCbH = { 1<<log2ChHeight )

if{ cu skip flagl <0 [ ¥O 1) —SYN1512
prediction_unit( x0, v&, nCbW, nCbH )
else |
H{ slice type!=[ && ctu tree type != CTU SHPARATE)
pred_mode_flag as(v) J-SYN1611

if{ palette mode enabled flag && CuPrediode[ x0 [ y0 ] ==
MODE INTRA && log2ChSize <<= MaxThLog2SizeY && ctu tree type I=
CTU SEPARATE )

palette_mode_flag| x0 Jf y0 | as(v)
i palette mode flag[x0 [ v0])

palette_mode( X, ¥0, nCbW, nCbH )
else f{CuPredMode| x0 J] y0 | = = MODE _INTRA)

mnfra_mode{ x0, v0, nCbW, nCbH )
else

prediction_unit{ x0, y0, nChW, nChH ) —SYN1631A
rqt_root_chf —SYN1513
i rgt root ebf) § -SYN1514

transform_tree( %0, y0, X0, v0, log2CbWidth, log2CbHeight, 0, G )

t

3
£

FIG. 49
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IMAGE CODING APPARATUS AND IMAGE
DECODING APPARATUS

TECHNICAL FIELD

[0001] An aspect of the present invention relates to an
image decoding apparatus, and an image coding apparatus.

BACKGROUND ART

[0002] An image coding apparatus (video coding appara-
tus), which codes a video to generate coded data, and an
image decoding apparatus (video decoding apparatus),
which decodes the coded data to generate a decoded image,
are used to efficiently transmit or record videos.

[0003] Specific video coding schemes include, for
example, schemes suggested in H.264/AVC and High-Effi-
ciency Video Coding (HEVC).

[0004] In such a video coding scheme, images (pictures)
constituting a video are managed by a hierarchy structure
including slices obtained by splitting each of the images,
Coding Tree Units (CTUs) obtained by splitting each of the
slices, Coding Units (CUs) obtained by splitting each of the
coding tree units, PredictionUnits (PUs) which are blocks
obtained by splitting each of the coding units, and Transform
Units (TUs), and are coded/decoded on a per CU basis.
[0005] In such a video coding scheme, usually, a predic-
tion image is generated based on local decoded images
obtained by coding/decoding input images, and prediction
residual (also sometimes referred to as “difference images”
or “residual images”) obtained by subtracting the prediction
images from the input images (original images) are coded.
Generation methods of prediction images include an inter-
picture prediction (an inter prediction) and an intra-picture
prediction (intra prediction).

[0006] The following are recently known from NPL a
single coding tree (a shared coding tree) in which multiple
color components are coded in a single tree in units of
regions (CTUs or CTBs); and a separate coding tree in
which coding is performed using multiple trees according to
color components. In addition, a Coloer Component Linear
Model (CCLM) prediction scheme for performing intra
prediction between color components is known.

[0007] The following are known from NPL 2: a palette
coding for simultaneously coding multiple color compo-
nents, an intra block copy method for generating a prediction
image with reference to already coded regions such as intra
images, and cross component residual prediction for pre-
dicting chrominance residuals from luminance residuals.
Also known from NPL 2 is a method for transmitting QP
update information and changing quantization parameters in
units of blocks.

CITATION LIST

Non Patent Literature

[0008] NPL 1: “Algorithm Description of Joint Explora-
tion Test Model 77, JVET-G1001, Joint Video Exploration
Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC
29/WG 11, 13 to 21 July 2017

[0009] NPL 2: ITU-T H.265 (April 2015) SERIES H:
AUDIOVISUAL AND MULTIMEDIA SYSTEMS Infra-
structure of audiovisual services—Coding of moving video
High efficiency video coding
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SUMMARY OF INVENTION

Technical Problem

[0010] In general, luminance processing and chrominance
processing are performed in parallel as much as possible, but
in a case of using luminance information for chrominance
prediction in the separate coding tree structure as in NPL 1,
there is a problem that the chrominance block fail to be
decoded until all the luminance blocks constituting the tree
are decoded.

[0011] Even in a case that a structure different from the
separate coding tree is used, there is a problem that lumi-
nance processing is performed before chrominance process-
ing, and this increases a delay.

[0012] In addition, NPL 2 poses a problem that the sepa-
rate coding tree structure is used only in units of intra slices,
so coding efficiency is insufficient.

[0013] In addition, there is a problem that palette coding,
intra block copy processing, and cross component residual
prediction in NPL 2 do not operate in NPL 1 that uses the
separate coding tree.

Solution to Problem

[0014] An image decoding apparatus according to an
aspect of the present invention includes a CT information
decoding unit configured to split, into coding trees CTs, a
coding tree unit CTU of coding tree units CTUs resulting
from splitting of an image into rectangles and to process one
or more color components as a single coding tree using one
coding tree CT of the coding trees CTs (route coding tree
node) or processing of two or more color components as a
separate coding tree using two or more coding trees CTs of
the coding trees CTs (route coding tree nodes) depending on
a tree mode, a CU decoding unit configured to decode a split
flag indicating whether to further split a CT of the CTs and
to perform recursive block splitting, an intra predictor con-
figured to use a decoded image of one color component to
generate a prediction image of another color component, and
a prediction mode decoding unit configured to decode a
prediction mode indicating an intra mode or an inter mode,
wherein the prediction mode decoding unit does not decode
the prediction mode from coded data but configures the intra
mode in a case that the CTU is an intra slice, and the CU
decoding unit does not decode the split flag from the coded
data but configures 1 (a value indicating a split) in the split
flag in a case that the CTU is an intra slice, that the tree mode
is the separate coding tree, and that a target CT size is larger
than a prescribed maximum intra size.

Advantageous Effects of Invention

[0015] According to an aspect of the present invention,
even in an image coding apparatus and an image decoding
apparatus that can utilize a separate coding tree structure, the
degree of being able to perform luminance processing and
chrominance processing can be increased. In other words,
the latency (delay) due to the luminance processing before
the chrominance processing can be reduced.

[0016] The use of the separate coding tree structure also
for inter slices increases coding efficiency.

[0017] Even in the image coding apparatus and image
decoding apparatus that can utilize the separate coding tree
structure, palette coding or intra block copy processing can
be selected, and unwanted overhead can be reduced.



US 2020/0260096 Al

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 is a diagram illustrating a hierarchy struc-
ture of data of a coding stream according to the present
embodiment.

[0019] FIG. 2 is a block diagram illustrating a configura-
tion of an image coding apparatus according to the present
embodiment.

[0020] FIG. 3 is a diagram illustrating a configuration of
an image decoding apparatus according to the present
embodiment.

[0021] FIG. 4 is a diagram illustrating DM prediction
according to the present embodiment.

[0022] FIG. 5 is a flowchart illustrating general operation
of'an image decoding apparatus 31 according to an embodi-
ment of the present invention.

[0023] FIG. 6 is a block diagram illustrating a configura-
tion of an image decoding apparatus according to an
embodiment of the present invention.

[0024] FIG. 7 is a diagram illustrating an intra prediction
mode according to the present embodiment.

[0025] FIG. 8 is a flowchart illustrating operation of a CT
information decoding unit according to an embodiment of
the present invention.

[0026] FIG. 9 is a configuration diagram of a syntax table
of QT information according to an embodiment of the
present invention.

[0027] FIG. 10 is a block diagram illustrating a configu-
ration of an intra prediction image generation unit 310
according to the present embodiment.

[0028] FIG. 11 is a configuration diagram of a syntax table
of BT information according to an embodiment of the
present invention.

[0029] FIG. 12 is a flowchart illustrating general operation
of a CU decoding unit (CU decoding S1500), a CU infor-
mation decoding unit 21 (CU information decoding S1510),
a PU information decoding unit (PU information decoding
S1600), and a TT information decoding unit (TT informa-
tion decoding S1700) according to an embodiment of the
present invention.

[0030] FIG. 13 is a flowchart illustrating general operation
of'a TT information decoding unit (TT information decoding
S1700) according to an embodiment of the present inven-
tion.

[0031] FIG. 14 is a flowchart illustrating general operation
of a TU information decoding unit 22 (TU information
decoding S1760) according to an embodiment of the present
invention.

[0032] FIG. 15 is a diagram illustrating a configuration
example of a syntax table of CU information, PT informa-
tion PTI, and TT information TTI according to an embodi-
ment of the present invention.

[0033] FIG. 16 is a diagram illustrating a configuration
example of a syntax table of PU information PUI according
to an embodiment of the present invention.

[0034] FIG. 17 is a diagram illustrating a configuration
example of a syntax table of the TT information TTI
according to an embodiment of the present invention.
[0035] FIG. 18 is a diagram illustrating a configuration
example of a syntax table of TU information TUT according
to an embodiment of the present invention.

[0036] FIG. 19 is a diagram illustrating configurations of
a transmitting apparatus equipped with the image coding
apparatus and a receiving apparatus equipped with the image
decoding apparatus, according to the present embodiment.
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(a) illustrates the transmitting apparatus equipped with the
image coding apparatus, and (b) illustrates the receiving
apparatus equipped with the image decoding apparatus,
[0037] FIG. 20 is a diagram illustrating configurations of
a recording apparatus equipped with the image coding
apparatus and a regeneration apparatus equipped with the
image decoding apparatus, according to the present embodi-
ment, (a) illustrates the recording apparatus equipped with
the image coding apparatus, and (b) illustrates the regen-
eration apparatus equipped with the image decoding appa-
ratus.

[0038] FIG. 21 is a schematic diagram illustrating a con-
figuration of an image transmission system according to the
present embodiment.

[0039] FIG. 22 is a diagram illustrating tree structures and
partition structures in a separate coding tree.

[0040] FIG. 23 is a diagram illustrating a relationship
between a parameter ctu_tree_mode indicating a tree mode
and a tree structure (Name).

[0041] FIG. 24 is a diagram illustrating a relationship
between a color component (Name) and parameters Chro-
maArrayType and ctu_comp indicating a color arrangement.
[0042] FIG. 25 is a diagram illustrating operation of a CT
information decoding unit 11 in a configuration using a
separate coding tree.

[0043] FIG. 26 is a diagram illustrating an example of a
syntax table in the configuration using the separate coding
tree.

[0044] FIG. 27 is a flowchart illustrating operation of a CU
decoding unit 20 according to an embodiment of the present
invention.

[0045] FIG. 28 is a flowchart illustrating operation of
another configuration of the CU decoding unit 20 according
to an embodiment of the present invention.

[0046] FIG. 29 is a flowchart illustrating operation of
another configuration of the CU decoding unit 20 according
to an embodiment of the present invention.

[0047] FIG. 30 is a syntax table illustrating a configuration
of coded data targeted by the CT information decoding unit
11 according to the present embodiment.

[0048] FIG. 31 is a flowchart illustrating operation of
another configuration of the CU decoding unit 20 according
to an embodiment of the present invention.

[0049] FIG. 32 is a syntax table illustrating a structure of
coded data targeted by the CT information decoding unit 11
according to the present embodiment.

[0050] FIG. 33 is a flowchart illustrating operation of
another configuration of the CU decoding unit 20 according
to an embodiment of the present invention.

[0051] FIG. 34 is a flowchart illustrating operation of a
configuration of a PU information decoding unit 12 accord-
ing to an embodiment of the present invention.

[0052] FIG. 35 is a flowchart illustrating operation of
another configuration of the PU information decoding unit
12 according to an embodiment of the present invention.
[0053] FIG. 36 is a flowchart illustrating operation of
another configuration of the PU information decoding unit
12 according to an embodiment of the present invention.
[0054] FIG. 37 is a syntax table illustrating the configu-
ration of coded data targeted by the CU decoding unit 20
according to the present embodiment.

[0055] FIG. 38 is a flowchart illustrating operation of
another configuration of the PU information decoding unit
12 according to an embodiment of the present invention.
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[0056] FIG. 39 is a flowchart illustrating operation of a
configuration of the PU information decoding unit 12
according to an embodiment of the present invention.
[0057] FIG. 40 is a flowchart illustrating operation of
another configuration of the PU information decoding unit
12 according to an embodiment of the present invention.
[0058] FIG. 41 is a syntax table illustrating the configu-
ration of coded data targeted by the CU decoding unit 20
according to the present embodiment.

[0059] FIG. 42 is a block diagram illustrating a configu-
ration of a palette predictor 31045 according to the present
embodiment and a diagram illustrating operation of palette
prediction.

[0060] FIG. 43 is an example of a syntax table of palette
information to be decoded by the palette predictor 31045
according to the present embodiment.

[0061] FIG. 44 is a flowchart illustrating operation of a
configuration of the CU decoding unit 20 according to an
embodiment of the present invention.

[0062] FIG. 45 is a syntax table illustrating a configuration
of'coded data targeted by the CU decoding unit 20 according
to the present embodiment.

[0063] FIG. 46 is a diagram illustrating a configuration of
a cross component residual predictor according to the pres-
ent embodiment.

[0064] FIG. 47 is a syntax table illustrating the configu-
ration of the coded data targeted by the TU decoding unit 22
according to an embodiment of the present invention.
[0065] FIG. 48 is a flowchart illustrating operation of the
TU decoding unit 22 according to an embodiment of the
present invention.

[0066] FIG. 49 is a syntax table illustrating a configuration
of'coded data targeted by the CU decoding unit 20 according
to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0067] Hereinafter, embodiments of the present invention
are described with reference to the drawings.

[0068] FIG. 21 is a schematic diagram illustrating a con-
figuration of an image transmission system 1 according to
the present embodiment.

[0069] The image transmission system 1 is a system
configured to transmit codes of a coding target image having
been coded, decode the transmitted codes, and display an
image. The image transmission system 1 includes an image
coding apparatus (video coding apparatus) 11, a network 21,
an image decoding apparatus (video decoding apparatus) 31,
and an image display apparatus (video display apparatus)
41.

[0070] Animage T indicating an image of a single layer or
multiple layers is input to the image coding apparatus 11. A
layer is a concept used to distinguish multiple pictures in a
case that there are one or more pictures constituting a certain
time. For example, coding an identical picture in multiple
layers having different image qualities or resolutions is
scalable coding, and coding pictures having different view-
points in multiple layers is view scalable coding. In a case
of performing a prediction (an inter-layer prediction, an
inter-view prediction) between pictures in multiple layers,
coding efficiency greatly improves. Also in a case of not
performing a prediction, in a case of (simulcast), coded data
can be compiled.
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[0071] The network 21 transmits a coding stream Te
generated by the image coding apparatus 11 to the image
decoding apparatus 31. The network 21 is the Internet
(internee), Wide Area Network (WAN), Local Area Network
(LAN), or combinations thereof. The network 21 is not
necessarily a bidirectional communication network, hut may
be a unidirectional communication network configured to
transmit broadcast wave such as digital terrestrial television
broadcasting and satellite broadcasting. The network 21 may
be substituted by a storage medium having recorded thereon
the coding stream Te, such as a Digital Versatile Disc (DVD)
and a Blue-ray Disc (BD).

[0072] The image decoding apparatus 31 decodes each of
coding streams Te transmitted by the network 21, and
generates one or multiple decoded images Td.

[0073] The image display apparatus 41 displays all or part
of the one or multiple decoded images Td generated by the
image decoding apparatus 31. For example, the image
display apparatus 41 includes a display device such as a
liquid crystal display or an organic Electro-luminescence
(EL) display. The display may have a stationary configura-
tion, a mobile configuration, an HMD, or the like. In spatial
scalable coding and SNR scalable coding, in a case that the
image decoding apparatus 31 and the image display appa-
ratus 41 have high processing capability, an enhanced layer
image having high image quality is displayed, and in a case
that the image decoding apparatus 31 have lower processing
capability, a base layer image, which does not require as
high processing capability and display capability as an
enhanced layer, is displayed.

Operators

[0074] Operators used herein will be described below.
[0075] >> is a right bit shift, << is a left bit shift, & is a
bitwise AND, | is a bitwise OR, and |=is an OR assignment
operator.

[0076] X?y:z is a ternary operator to take y in a case that
X is true (other than 0), and take z in a case that x is false (0).
[0077] Clip3(a, b, ¢) is a function to clip ¢ in a value equal
to or greater than a and equal to or less than b, and a function
to return a in a case that c is less than a (c<a), return bin a
case that ¢ is greater than b (c>b), and return ¢ otherwise
(however, a is equal to or less than b<=b)).

[0078] x && y represents a logical product (logical and),
x|ly represents a logical sum (logical or), and ! represents a
logical not.

[0079] abs(a)is a function that returns an absolute value of
a.
[0080] Int(a) is a function that returns an integer value of
a.
[0081] Max(a, b) and Min(a, b) are functions that respec-
tively return a maximum value of a and b and a minimum
value of a and b.

[0082] floor(a) is a function that returns a maximum
integer of a or less.

[0083] a/d represents a division of a by d (truncated to an
integer).

Structure of Coding Stream Te

[0084] Prior to the detailed description of the image cod-
ing apparatus 11 and the image decoding apparatus 31
according to the present embodiment, a data structure of the
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coding stream Te generated by the image coding apparatus
11 and decoded by the image decoding apparatus 31 will be
described.

[0085] FIG. 1 is a diagram illustrating a hierarchy struc-
ture of data in the coding stream Te. The coding stream Te
includes a sequence and multiple pictures constituting the
sequence illustratively. (a) to (f) of FIG. 1 are diagrams
illustrating a coding video sequence prescribing a sequence
SEQ, a coding picture prescribing a picture PICT, a coding
slice prescribing a slice S, coding slice data prescribing slice
data, a coding tree unit included in the coding slice data, and
Coding Units (CUs) included in the coding tree unit, respec-
tively.

Coding Video Sequence

[0086] In the coding video sequence, a set of data referred
to by the image decoding apparatus 31 to decode a process-
ing target sequence SEQ of a processing target is prescribed.
As illustrated in (a) of FIG. 1, the sequence SEQ includes a
Video Parameter Set (VPS), a Sequence Parameter Set
(SPS), a Picture Parameter Set (PPS), a picture PICT, and
Supplemental Enhancement Information (SEI). Here, a
value indicated after # indicates a layer ID. In FIG. 1,
although an example is illustrated where coded data of #0
and #1, in other words, layer 0 and layer 1 exist, types of
layers and the number of layers are not limited to this.
[0087] In the video parameter set VPS, in a video includ-
ing multiple layers, a set of coding parameters common to
multiple videos and a set of coding parameters associated
with multiple layers and individual layers included in the
video are prescribed.

[0088] In the sequence parameter set SPS, a set of coding
parameters referred to by the image decoding apparatus 31
to decode a target sequence is prescribed. For example,
width and height of a picture are prescribed. Note that
multiple SPSs may exist. In that case, any of the multiple
SPSs is selected from the PPS.

[0089] In the picture parameter set PPS, a set of coding
parameters referred to by the image decoding apparatus 31
to decode each picture in a target sequence is prescribed. For
example, a reference value (pic_init_gp_minus26) of a
quantization step size used for decoding of a picture and a
flag (weighted_pred_flag) indicating an application of a
weighted prediction are included. Note that multiple PPSs
may exist. In that case, any of the multiple PPSs is selected
from each slice header in the target sequence.

Coding Picture

[0090] Inthe coding picture, a set of data referred to by the
image decoding apparatus 31 to decode a processing target
picture PICT is prescribed. As illustrated in (b) of FIG. 1, the
picture PICT includes slices SO to S, , (NS is the total
number of slices included in the picture PICT).

[0091] Note that in a case not necessary to distinguish the
slices SO to S, ; below, subscripts of reference signs may
be omitted in description. The same applies to other data
included in the coding stream Te described below and
described with subscripts.

Coding Slice

[0092] In the coding slice, a set of data referred to by the
image decoding apparatus 31 to decode a processing target
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slice S is prescribed. As illustrated in (¢) of FIG. 1, the slice
S includes a slice header SH and a slice data SDATA.
[0093] The slice header SH includes a coding parameter
group referred to by the image decoding apparatus 31 to
determine a method of decoding a target slice. Slice type
specification information (slice_type) to specify a slice type
is one example of a coding parameter included in the slice
header SH.

[0094] Examples of slice types that can be specified by the
slice type specification information include (1) I slice using
only an intra prediction in coding, (2) P slice using a
unidirectional prediction or an intra prediction in coding,
and (3) B slice using a unidirectional prediction, a bidirec-
tional prediction, or an intra prediction in coding, and the
like. Note that the inter prediction is not limited to a
uni-prediction or a hi-prediction, and a larger number of
reference pictures may be used to generate a prediction
image. Hereinafter, in a case that the term P slice or B slice
is used, a slice is referred to that includes blocks for which
an inter prediction can be used.

[0095] Note that, the slice header SH may include a
reference (pic_parameter_set_id) to the picture parameter
set PPS included in the coding video sequence.

Coding Slice Data

[0096] In the coding slice data, a set of data referred to by
the image decoding apparatus 31 to decode the processing
target slice data SDATA is prescribed. As illustrated in (d) of
FIG. 1, the slice data SDATA includes Coding Tree Units
(CTUs) (CTU blocks). The CTU is a block of a fixed size
(for example, 64x64) constituting a slice, and may be also
referred to as a Largest Coding Unit (LCU) or a Coding Tree
Block (CTB). Additionally, the CTU corresponds to a block
(first block) that is a region obtained by dividing a picture.
The CTU may be a rectangle of 16x16, 32x32, 64x64,
128x128, 256x256, or the like.

Coding Tree Unit

[0097] As illustrated in (e) of FIG. 1, a set of data referred
to by the image decoding apparatus 31 to decode a process-
ing target coding tree unit is prescribed. The coding tree unit
(first block) is split, by recursive quad tree split (QT split) or
binary tree split (BT split), into Coding Units (CUs, second
blocks) corresponding to basic units of coding processing. A
Coding Tree (CT) refers to a tree structure obtained by the
recursive quad tree split or binary tree split, and a Coding
Node (CN) refers to a node of the tree structure. Note that
CT may be used for the meaning of CN. Intermediate nodes
of a quad tree and a binary tree are coding nodes, and the
coding tree unit itself is also prescribed as the highest coding
node (route node or route coding tree node). Note that, in
addition to the quad tree split (QT split) and the binary tree
split (BT split), another splitting method such as a Triple
Tree (TT split), or the like may be performed. In the separate
coding tree, multiple coding trees can be provided for the set
of color components in a single block.

[0098] The CT includes a QT split flag (split_cu_flag)
indicating whether to perform a QT split or not and a BT
split mode (split_bt_mode) indicating a split method of a BT
split as CT information. split_cu_flag and/or split_bt_mode
are transmitted for each coding node CN. In a case that
split_cu_flag is 1, the coding node CN is split into four
coding node CNis. In a case that split_cu_flag has a value of
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0, the coding node CN is horizontally split into two coding
nodes CNs in a case that the split_bt_mode is 1, and is
vertically split into two coding nodes CNs in a case that the
split_bt_mode is 2, while not being split and having one
coding unit CU as a node in a case that the split_bt_mode is
0. The coding unit CU is a terminal node (leaf node) of the
coding node, and involves no further splitting, split_bt_
mode may be categorized as a flag split_bt_flag indicating
whether to perform splitting or not and a flag split_bt_dir
indicating a direction of splitting and the direction.

split_bt_flag = tsplit__bt _mode
split_bt_dir = split_bt_mode - 1
split__bt_mode = split_bt_flag ? split_bt_dir + 1:0

Coding Unit

[0099] As illustrated in (f) of HG. 1, a set of data referred
to by the image decoding apparatus 31 to decode a process-
ing target coding unit is prescribed. Specifically, the coding
unit includes a prediction tree, a transform tree, and a CU
header CUH. In the CU header, a prediction mode, a split
method (PU split mode), and the like are prescribed.
[0100] In the prediction tree, prediction parameters (a
reference picture index, a motion vector, and the like) are
prescribed for each of one or more prediction units (PU)
obtained by splitting the coding unit. In another expression,
the prediction unit is one or multiple non-overlapping
regions constituting the coding unit. The prediction tree
includes one or multiple prediction units obtained by the
above-mentioned split. Note that, in the following, a unit of
prediction where a prediction unit is further split is referred
to as a “subblock”. The prediction processing may be
performed for each of these prediction units (subblocks).
[0101] Generally speaking, there are two types of predic-
tion in the prediction tree, including a case of an intra
prediction and a case of an inter prediction. The intra
prediction is a prediction within one picture, and the inter
prediction refers to prediction processing using a reference
picture. Note that the reference picture may be a temporally
preceding picture, a temporally subsequent picture, or a
target picture itself, the pictures having already been pro-
cessed. In a case that the reference picture is a target picture,
the reference picture is an already processed region.
[0102] In a case of an intra prediction, examples of the
split method include 2Nx2N (the same size as that for the
coding units) and NxN. In a case of an inter prediction, the
split method is coded in a PU split mode (part_mode), and
examples of the spit method include 2Nx2N (the same size
as that for the coding units), 2NxN, 2NxnU, 2NxnD, Nx2N,
nLx2N, nRx2N, NxN, and the like. Note that 2NxN and
Nx2N indicate symmetric splits of 1:1, and 2NxnU, 2NxnD
and nL.x2N, nRx2N indicate asymmetric splits of 1:3 and
3:1. The PUs included in the CU are expressed as PUO, PU1,
PU2, and PU3 sequentially. Instead of coding the PU split
mode (part_mode), regions having the same size as that for
the coding units may be used for the PUs. Instead of coding
the part_mode, the PUs may be automatically split into
subblocks.

[0103] In the transform tree, the coding unit is split into
one or multiple transform units TU, and the position and size
of each transform unit are prescribed. In another expression,
the transform units are one or multiple non-overlapping
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regions constituting the coding unit. The transform tree
includes one or multiple transform units obtained by the
above-mentioned split.

[0104] Examples of splits in the transform tree include a
split to allocate a region having the same size as that of the
coding units as a transform unit, and a split by a recursive
quad tree split similar to the above-mentioned split of CU.
Transform processing is performed for each of these trans-
form units.

Prediction Parameter

[0105] A prediction image of Prediction Units (PUs) is
derived by prediction parameters attached to the PUs. The
prediction parameters include a prediction parameter of an
intra prediction or a prediction parameter of an inter pre-
diction. The prediction parameter of an inter prediction
(inter prediction parameters) will be described below. The
inter prediction parameter is constituted by prediction list
utilization flags predFlagl.0 and predFlagl.1, reference pic-
ture indexes refldxLO and refldxIL1, and motion vectors
mvL0 and mvL1. Each of the prediction list utilization flags
predFlagl.0 and predFlagl.1 is a flag indicating whether a
reference picture list referred to as an LO list or L1 list is
used or not, and a corresponding reference picture list is
used in a case that the value is 1. Note that, in a case that the
present specification mentions “a flag indicating whether or
not XX”, it is assumed that a flag being other than 0 (for
example, 1) indicates a case of XX, and a flag being 0
indicates a case of not XX, and 1 is treated as true and 0 is
treated as false in a logical negation, a logical product, and
the like (the same holds true hereinafter). However, other
values can be used for true values and false values in real
apparatuses and methods.

[0106] Syntax elements to derive inter prediction param-
eters included in the coded data, for example, the PU split
mode part_mode, a merge flag merge_flag, a merge index
merge_idx, an inter prediction indicator inter_pred_idc, a
reference picture index ref_idx_IX (retfldx[.X), a prediction
vector index mvp_1X_idx and a difference vector mvdLX.

Reference Picture List

[0107] A reference picture list is a list constituted by
reference pictures stored in a reference picture memory 306.

Motion Vector

[0108] The motion vector mvLX indicates the amount of
displacement (shift) between blocks in two different pic-
tures. A prediction vector and a difference vector related to
the motion vector mvLX are referred to as a prediction
vector mvpL.X and a difference vector mvdLLX respectively.

Intra Prediction

[0109] Next, intra prediction prediction parameters will be
described.
[0110] The intra prediction parameters are parameters

used in processing of predicting a CU, based on information
in the picture, and are, for example, an intra prediction mode
intraPredMode. A luminance intra prediction mode
IntraPredModeY and a chrominance intra prediction mode
IntraPredModeC may be different from each other, For
example, 67 types of intra prediction mode are present and
include planar prediction, DC prediction, and Angular (di-
rection) prediction. The chrominance prediction mode
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IntraPredModeC uses, for example, any of the planar pre-
diction, the DC prediction, the Angular prediction, a direct
mode (mode using a luminance prediction mode), and a
CCLM prediction (mode for linear prediction from lumi-
nance pixels). Whether the CCLM prediction is applicable is
indicated using SPS, PPS, or cclm_enabled_flag in the slice
header.

[0111] The luminance intra prediction mode IntraPred-
ModeY may be derived by using a MPM (Most Probable
Mode) candidate list including an intra prediction mode
estimated to have a high probability of being applied to the
target block, and derived by using an REM, which is a
prediction mode not included in the MPM candidate list.
Which method is to be used is notified using a flag prev_
intra_luma_pred_flag, and in the former case, IntraPred-
ModeY is derived by using the MPM candidate list derived
from an index mpm_idx and the intra prediction mode for
neighboring blocks. In the latter case, the intra prediction
mode is derived by using a flag rem_selected_mode_flag
and modes rem_selected_mode and rem_non_selected
mode.

[0112] The chrominance intra prediction mode IntraPred-
ModeC may use the CCLM prediction or the MPM list
mode. in a case that the CCLM prediction is available
(CCLM applicable, cclm_enabled_flag==1), a flag cclm_
flag indicating whether to use the CCLM prediction or not
is decoded. In a case that cclm_flag is 1, a CCLM mode is
used, and furthermore an index indicating which the CCLM
mode is used (SMLM mode or mode) is decoded. In a case
that cclm_flag has a value of 0, a chrominance MPM list is
generated, and an index mpm_index_chroma in the MPM
list is decoded. The chrominance MPM list uses a DM intra
mode in the DM mode (direct mode), a default intra mode,
a neighboring intra mode for color-difference neighboring
blocks of the target block, a derivation intra mode that is an
intra mode corresponding to the neighboring intra mode to
which a prescribed value is added, and the like, For example,
an intra prediction mode used in luminance blocks corre-
sponding to the target block is used as the DM intra mode.
For example, as illustrated in FIG. 4, center (CR), top left
(AL), top right (AR), bottom left (BL), and bottom right
(BR) are used, For the default intra mode, planar, DC,
vertical, horizontal, and top left are used. For the neighbor-
ing intra mode uses the left, top, bottom left, top right, and
top left neighboring blocks. Derivation of the chrominance
intra mode by using the luminance intra mode (DM intra
mode) is referred to as a DM prediction.

Loop Filter

[0113] A loop filter is a filter provided in a coding loop to
eliminate block noise and ringing noise to improve image
quality. Examples of the loop filter primarily include a
deblocking filter, a Sample Adaptive Offset (SAO), and an
Adaptive Loop Filter (ALF).

Entropy Coding

[0114] Entropy coding includes a method of performing
variable-length coding on a syntax using a context (prob-
ability model) that is adaptively selected depending on the
type of the syntax or the surrounding situation and a method
of performing variable-length coding on a syntax by using a
prescribed table or a calculation expression. In the former
CABAC (Context Adaptive Binary Arithmetic Coding), an
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updated probability model for each coded or decoded picture
is stored in a memory. Then, in P pictures or B pictures using
a subsequent inter prediction, in the initial state of the
context of a target picture, probability models for pictures
using quantization parameters with the same slice type and
the same slice level are selected from among the probability
models stored in the memory and used for coding and
decoding processing.

Configuration of Image Decoding Apparatus

[0115] A configuration of an image decoding apparatus 31
will be described. As an example, the configuration of the
image decoding apparatus 31 will be described below by
using FIG. 3. FIG. 3 is a block diagram illustrating the
configuration of the image decoding apparatus 31. The
image decoding apparatus 31 includes an entropy decoding
unit 301, a prediction parameter decoding unit (a prediction
image decoding apparatus or CT information decoding unit
10) 302, a loop filter 305, a reference picture memory 306,
a prediction parameter memory 307, a prediction image
generation unit (prediction image generation device) 308, an
inverse quantization and inverse transform processing unit
311, and an addition unit 312. Note that the loop filter 305
may be omitted from the image decoding apparatus 31 in
conformity to an image coding apparatus 11 described
below.

[0116] The prediction parameter decoding unit 302
includes an inter prediction parameter decoding unit 303 and
an intra prediction parameter decoding unit 304. The pre-
diction image generation unit 308 includes an inter predic-
tion image generation unit 309 and an intra prediction image
generation unit 310 (intra predictor).

[0117] In addition, in an example described below, CTUs,
CUs, PUs, and TUs are used as processing units. However,
no limitation to this example is intended, and units of CUs
may be used for processing instead of units of TUs or PUs.
Alternatively, the CTUs, CUs, PUs, and TUs may be
replaced with blocks, and processing may be performed in
units of blocks.

[0118] The entropy decoding unit 301 performs entropy
decoding on the coding stream Te input from the outside,
and separates and decodes individual codes (syntax ele-
ments). Separated codes include prediction parameters for
generating a prediction image, residual information for
generating a difference image, and the like.

[0119] The entropy decoding unit 301 outputs a part of the
separated codes to the prediction parameter decoding unit
302. For example, the part of the separated codes includes a
prediction mode predMode (pred_mode_flag or CuPred-
Mode), a PL split mode part_mode, a merge flag merge_flag,
a merge index merge_idx, an inter prediction indicator
inter_pred_idc, a reference picture index ref_idx_IX, a pre-
diction vector index mvp_lX_idx, and a difference vector
mvdLX. The control of which code to decode is performed
based on an indication from the prediction parameter decod-
ing unit 302. The prediction mode takes MODE_INTRA
(=0) or MODE_INTER (=1), for example. The entropy
decoding unit 301 outputs a quantization transform coeffi-
cient to the inverse quantization and inverse transform
processing unit 311. The quantization transform coefficient
is a coeflicient obtained by performing, in the coding pro-
cessing, a frequency transform such as Discrete Cosine
Transform (DCT), Discrete Sine Transform (DST), or
Karyhnen Loeve Transform (KLT) on a residual signal for
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quantization. The inverse quantization and inverse transform
processing unit 311 may further include a cross component
residual predictor 1793 that predicts and decodes residuals
and that performs addition and subtraction on the decoded
residuals.

Adaptive Core Conversion

[0120] In addition to the inverse transform described
above, the inverse quantization and inverse transform pro-
cessing unit 311 can restore prediction residuals D by using
an adaptive core transform (Adaptive Multiple Core Trans-
form: AMT) adaptively selected in accordance with the
intra/inter prediction method, a block size, and a luminance/
chrominance signal, and a Secondary Transform corre-
sponding to a transform selected in the intra prediction
mode.

[0121] In the inverse quantization and inverse transform
processing unit 311, the method for transform can be
switched adaptively, and the transform switched by an
explicit flag or index, prediction mode, and the like is
referred to herein as an adaptive core transform. The trans-
form used in the adaptive core transform (core transform) is
a separable transform including a vertical transform and a
horizontal transform. Transform bases for the core transform
are DCT2, DST7, DCTS8, DCT1, and DCTS. In the adaptive
core transform, the transform basis is independently
switched for the vertical transform and for the horizontal
transform. Note that the selectable transforms are not limited
to the transforms described above, and another transform
(transform basis) can be used. The adaptive core transform
refers to the AMT flag (amt_flag) decoded from the coded
data and switches between a fixed transform without
indexed switching, and a selective transform with indexed
switching. For amt_flag=0, the fixed transform is used, and
for amt_flag=1, the selective transform is used. In the fixed
transform (amt_flag=0), the AMT index amt_idx is not
referred to, and transform is performed by using the fixed
transform, in this case, DCT2 or DST7. In the selective
transform (amt_flag=1), the AMT index amt_idx used for
selection is further decoded from the coded data, and the
transform is switched according to the prediction mode and
the AMT index amt_idx. For example, the following switch-
ing is performed in the intra prediction according to amt_
idx.

[0122] {DST7, DST1}

[0123] In addition, switching based on amt_idx may be
changed depending on the intra prediction mode as follows.

[0124] {DST7, DCT8} or {DST7, DCT5}

[0125] Inthe inter prediction, {DST7, DCT8} switching is
performed.

[0126] The inter prediction parameter decoding unit 303

decodes an inter prediction parameter with reference to a
prediction parameter stored in the prediction parameter
memory 307, based on a code input from the entropy
decoding unit 301. The inter prediction parameter decoding
unit 303 outputs a decoded inter prediction parameter to the
prediction image generation unit 308, and also stores the
decoded inter prediction parameter in the prediction param-
eter memory 307. Details of the inter prediction parameter
decoding unit 303 will be described later.

[0127] The intra prediction parameter decoding unit 304
decodes an intra prediction parameter with reference to a
prediction parameter stored in the prediction parameter
memory 307, based on a code input from the entropy
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decoding unit 301. The intra. prediction parameter is a
parameter used in a processing to predict a CU in one
picture, for example, an intra prediction mode IntraPred-
Mode. The intra prediction parameter decoding unit 304
outputs a decoded intra prediction parameter to the predic-
tion image generation unit 308, and also stores the decoded
intra prediction parameter in the prediction parameter
memory 307.

[0128] The intra prediction parameter decoding unit 304
may derive different intra prediction modes depending on
luminance and chrominance. In this case, the intra prediction
parameter decoding unit 304 decodes a luminance prediction
mode IntraPredModeY as a prediction parameter of lumi-
nance, and decodes a chrominance prediction mode
IntraPredModeC as a prediction parameter of chrominance.
The luminance prediction mode IntraPredModeY includes
67 modes, and corresponds to a Planar prediction (0), a DC
prediction (1), and Angular (directional) predictions (2 to
66). The chrominance prediction mode IntraPredModeC
uses any of the Planar prediction (0), the DC prediction (1),
the Angular (directional) predictions (2 to 66), and CCLM
predictions (67 to 72). The intra prediction parameter decod-
ing unit 304 decodes a flag indicating whether the chromi-
nance prediction is a CCLM prediction or not, and in a case
that the flag indicates a Cross Component Linear Model
prediction (CCLM prediction), decodes information related
to the CCLM prediction (information indicating whether the
chrominance prediction is an MMLM prediction or not and
information indicating a downsampling method). Here, the
CCLM prediction will be described. The CCLM prediction
is a prediction scheme using a correlation between a lumi-
nance component and a color component, and is a method
for generating a prediction image for a chrominance image
(Cb, Cr) by using a linear model based on the decoded
luminance image. The CCLM prediction may include a
Single Model Linear Model (SMLM) prediction and a
Multiple Model Linear Model (MMLM) prediction. The
SMLM prediction is a prediction scheme using, for one
block, one linear model for predicting a chrominance from
luminance. The MMLM prediction is a prediction scheme
using, for one block, two or more linear models for predict-
ing chrominance from luminance. In a case that the chromi-
nance format is 4:2:0, the luminance image is downsampled
to have the same size as that of the chrominance image, for
creating a linear model. This down-sampling method may
include a method of using a fixed sampling filter (default
sampling filter) and a method of adaptively switching
between multiple sampling filters (additional sampling fil-
ters) for use. Here, information indicating a down-sampling
method is obtained by decoding information indicating
whether the CCLM prediction is an SMLM prediction or an
MMLM prediction and information indicating whether the
sampling filter is a default sampling filter or not, and also
decoding an index indicating the sampling filter in a case
that the additional sampling filter is used. In a case that the
flag indicates a prediction different from the CCLM predic-
tion, the Planar prediction (0), DC prediction (1), Angular
prediction (2 to 66), and DM prediction (chrominance
prediction using the same prediction mode as the luminance
prediction mode) are decoded as IntraPredModeC. FIG. 7 is
a diagram illustrating an intra prediction mode. The direc-
tion of each of straight lines corresponding to 2 to 66 in F1G.
7 represents a prediction direction, and to be more exact,
indicates the direction of a pixel in a reference region R
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(described below) to which a prediction target pixel refers.
FIG. 4 is a diagram illustrating the DM mode.

[0129] The loop filter 305 applies filters such as a deblock-
ing filter 313, a sample adaptive offset (SAO) 314, and an
adaptive loop filter (ALF) 315 to a decoded image of a CU
generated by the addition unit 312. Note that the loop filter
305 need not necessarily include the three types of filters as
long as the loop filter 305 is paired with the image coding
apparatus 11, and may exclusively include the deblocking
filter 313, for example.

[0130] The reference picture memory 306 stores the
decoded image of the CU generated by the addition unit 312
in a prescribed position for each picture to be decoded and
for each CTU or CU.

[0131] The prediction parameter memory 307 stores a
prediction parameter in a prescribed position for each pic-
ture and prediction unit (or a subblock, a fixed size block,
and a pixel) of a decoding target. Specifically, the prediction
parameter memory 307 stores an inter prediction parameter
decoded by the inter prediction parameter decoding unit
303, an intra prediction parameter decoded by the intra
prediction parameter decoding unit 304 and a prediction
mode predMode separated by the entropy decoding unit 301.
For example, stored inter prediction parameters include a
prediction list utilization flag predFlagl.X (the inter predic-
tion indicator inter_pred_idc), the reference picture index
refldx[LX, and the motion vector mvLX.

[0132] To the prediction image generation unit 308, a
prediction mode predMode input from the entropy decoding
unit 301 is input, and a prediction parameter is input from
the prediction parameter decoding unit 302. The prediction
image generation unit 308 reads a reference picture from the
reference picture memory 306. The prediction image gen-
eration unit 308 generates a prediction image of a PU (block)
or a subblock in a prediction mode indicated by the predic-
tion mode predMode, by using an input prediction parameter
and a read reference picture (reference picture block).
[0133] Here, in a case that the prediction mode predMode
indicates an inter prediction mode, the inter prediction
image generation unit 309 generates the prediction image of
the PU (block) or the subblock by an inter prediction by
using the inter prediction parameter input from the inter
prediction parameter decoding unit 303 and the read refer-
ence picture (reference picture block).

[0134] For a reference picture list (an LO list or an L1 list)
where a prediction list utilization flag predFlagl.X is 1, the
inter prediction image generation unit 309 reads a reference
picture block from the reference picture memory 306 in a
position indicated by a motion vector mvLX, based on a
decoding target PU from reference pictures indicated by the
reference picture index refldxLX. The inter prediction
image generation unit 309 performs interpolation based on
the read reference picture block to generate a prediction
image of the PU (interpolation image or motion compensa-
tion image). The inter prediction image generation unit 309
outputs the generated prediction image of the PU to the
addition unit 312. Here, the reference picture block is a set
of pixels (referred to as blocks because the set is normally
rectangular) on a reference picture, and is a region that is
referred to, to generate the prediction image of the PU or the
subblock.

[0135] In a case that the prediction mode predMode indi-
cates an intra prediction mode, the intra prediction image
generation unit 310 performs an intra prediction by using an
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intra prediction parameter input from the intra prediction
parameter decoding unit 304 and a read reference picture.
Specifically, the intra prediction image generation unit 310
reads an adjacent PU, which is a picture of a decoding target,
in a prescribed range from a decoding target PU among PUs
already decoded, from the reference picture memory 306.
The prescribed range is, for example, any of adjacent PUs in
left, top left, top, and top right in a case that a decoding target
PU moves in order of so-called raster scan sequentially, and
varies according to intra prediction modes. The order of the
raster scan is an order to move sequentially from the left
edge to the right edge in each picture for each row from the
top edge to the bottom edge.

[0136] The intra prediction image generation unit 310
performs a prediction in a prediction mode indicated by the
intra prediction mode IntraPredMode, based on a read
neighboring PU, to generate a prediction image of the PU.
The intra prediction image generation unit 310 outputs the
generated prediction image of the PU to the addition unit
312.

[0137] In a case that the intra prediction parameter decod-
ing unit 304 derives different intra prediction modes for
luminance and chrominance, the intra prediction image
generation unit 310 generates a prediction image of a
luminance PU by any of the Planar prediction (0), the DC
prediction (1), and the Angular predictions (2 to 66) depend-
ing on the luminance prediction mode IntraPredModeY, and
generates a prediction image of a chrominance PU by any of
the Planar prediction (0), the DC prediction (1), the Angular
predictions (2 to 66), and CCLM modes (67 to 72) depend-
ing on the chrominance prediction mode IntraPredModeC.
[0138] In the Planar prediction, DC prediction, and Angu-
lar prediction, a decoded peripheral region neighboring
(proximate to) the prediction target block is configured as
the reference region R. In general, these prediction modes
are prediction schemes for generating a prediction image by
extrapolating the pixels in the reference region R in a
particular direction. For example, the reference region R can
be configured as an inverse L-shaped region including the
left and top blocks (or further top left, top right, and bottom
left blocks) of the prediction target block.

Details of Prediction Image Generation Unit

[0139] Now, the configuration of the intra prediction
image generation unit 310 will be described in detail using
FIG. 10.

[0140] As illustrated in FIG. 10, the intra prediction image
generation unit 310 includes a prediction target block con-
figuration unit 3101, a reference image configuration unit
3102, and a predictor 3104.

[0141] The prediction target block configuration unit 3101
configures the target CU as a prediction target block. The
reference image configuration unit 3102 outputs each refer-
ence pixel in the input reference region R to the predictor
3104. Based on the input intra prediction mode and refer-
ence image, the predictor 3104 generates a prediction image
of the prediction target block and outputs the generated
image to an adder 15.

[0142] Hereinafter, the units of the intra prediction image
generation unit 310 will be described.

Prediction Target Block Configuration Unit 3101

[0143] The prediction target block configuration unit 3101
configures the target CU as a prediction target block, and
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outputs information related to the prediction target block
(prediction target block information). The prediction target
block information includes at least information indicating a
prediction target block size, a prediction target block posi-
tion, and whether the prediction target block is of luminance
or chrominance.

Reference Image Configuration Unit 3102

[0144] The reference image configuration unit 3102 con-
figures a peripheral region neighboring the prediction target
block as the reference region R, based on the prediction
target block size and prediction target block position in the
prediction target block information. Subsequently, for each
of the pixel values (boundary pixels) in the reference region
R, adecoded pixel value at the corresponding position on the
reference picture memory 306 is set. In other words, a
reference image r[x][y] is set by the following expressions
using a decoded pixel value u[px][py] for the target picture
expressed based on the upper left coordinates of the target
picture.

rIX][y]=u[xB+x][yB+y] (Expression INTRAP-1)

x=-1,p=-1... (BS*2-1) and x=0 . . . (BS*2-1),
y=-1
[0145] Here, (xB, yB) denotes the upper left coordinate of
the prediction target block, and BS denotes the larger value
of the width W and height H of the prediction target block.

Configuration of Predictor 3104

[0146] The predictor 3104 generates a prediction image of
the prediction target block, based on the intra prediction
mode and the reference image, and outputs the generated
prediction image to the adder 15. The predictor 3104 inter-
nally includes a Planar predictor 31041, a DC predictor
31042, an Angular predictor 31043, and a CUM. predictor
31044. The predictor 3104 may further include a palette
predictor 31045. The predictor 3104 selects a specific pre-
dictor depending on the input intra prediction mode, and
inputs a reference image. The relationship between the intra
prediction modes and the corresponding predictors is as
follows.

[0147] Planar prediction . . . Planar predictor 31041
[0148] DC prediction . . . DC predictor 31042

[0149] Angular prediction . . . Angular predictor 31043
[0150] CCLM prediction . . . CCLIVI predictor 31044
[0151] Palette prediction . . . palette predictor 31045

Planar Prediction

[0152] The Planar predictor 31041 linearly adds multiple
reference images filtered by the reference image configura-
tion unit 3102 according to the distance between the pre-
diction target pixel position and the reference pixel position,
and further performs correction using a reference image not
filtered by the reference image configuration unit 3102 to
generate a prediction image.

DC Prediction

[0153] The DC predictor 31042 derives an average value
(DC predicted value) of the input reference image filtered by
the input reference image configuration unit 3102, and
outputs a prediction image with the derived DC predicted
value as a pixel value.
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Angular Prediction

[0154] The Angular predictor 31043 generates a predic-
tion image using the reference image in the prediction
direction (reference direction) indicated by the intra predic-
tion mode, the reference image being filtered by the refer-
ence image configuration unit 3102.

CCLM Prediction

[0155] FIG. 10(b) is a block diagram illustrating an
example of a configuration of the CCLM predictor 31044.
The CCLM predictor 31044 includes a CCLM parameter
derivation unit 4401 and a CCLM prediction filter unit 4402.

[0156] The CCLM parameter derivation unit 4401 derives
a CCLM prediction parameter by using, as an input signal,
a pixel value (x[i], y[i], i=0, . . ., N) of a processed image
neighboring the target block. The CCLM parameter deriva-
tion unit 31044 outputs the derived CCLM prediction
parameter (a, b) to the CCLM prediction filter unit 4402.
Note that the pixel value x[i] indicates the value of a
luminance pixel (Luma) in a region neighboring the target
block, and the pixel value y[i] indicates the value of a
chrominance pixel (Cb, Cr) in a region neighboring the
target block.

[0157] The CCLM prediction filter unit 4402 performs a
CCLM prediction on a luminance decoded image refSam-
plesX[ ][ ] of the target block, which is an input signal, to
generate a chrominance prediction image predSamplesY][ |[
] of the target block (where Y denotes Cb and Cr). In other
words, the CCLM prediction filter unit 4402 generates the
prediction image predSamplesY[ ][ | from the reference
image refSamplesX| ][ ], which is an input signal.

[0158] Based on the input reference pixels x| | and the
target reference pixels y[ | of these neighboring blocks, the
CCLM parameter derivation unit 4401 derives a parameter
for a case where the target reference pixel y[ | is linearly
predicted from the input reference pixel x| |, as a CCLM
prediction parameter (a, b) to be applied to the target block.
[0159] Specifically, the CCLM parameter derivation unit
4401 derives, by a least squares method, the CCLM predic-
tion parameter (a, b) that minimizes a cost E of a least
squared error represented by the following expression. Note
that in the following description, 2(x) means a sum of x
ranging from 0 to N-1.

E=3(y[i]-a*x[i]-b)2

[0160] The CCLM prediction parameter (a, b) is derived
by the following expressions.

a = (N=Zx[{]y[i] - Zx[JZy[i])/ (N = Z(x[]x[i]) - Zx[{]Zx[i])
=al /a2 = ((al =invTablelal] + roundInv) >> shiftlnv)

b = (Zyli] - Zx[i]*a) /N

[0161] More specifically, the following processing is per-
formed for integer calculation.

[0162] First, X, Y, XX, and YY are derived by the fol-
lowing expressions:

X=3x[i]

Y=3yi]
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XX=2(x[i]*x[1])

XY=2(/[]*y[])

[0163] Then, a count shift value iCountShift is calculated
by the following expression. Note that N is the number of
pixels in the reference region.

iCountShift=log2(N)

[0164] Then, a first parameter al and a second parameter
a2 are derived by the following expressions.

aveXX>>iCountShift
remX=X-aveX
aveY=Y>>CountShift
remX=Y-avel

al=XY-(ave*aveX)<<iCountShift)+(aveX*remY)+
(aveY*remX)

a2=X X—((aveX*aveX)<<iCountShift)+2*
(aveX*remX)

[0165]

a=al/a2=(a1*invTable[a2]+roundInv)>>shiftinv

Then, a table invTable is utilized to derive al/a2.

b=(Y-X*a)>>iCountShift

[0166] The CCLM prediction filter unit 4402 uses, as an
input signal, a reference image refSamplesLuma related to
luminance to derive chrominance signals Cb and Cr for
prediction images, based on Expressions (24) and (25)
below respectively using prediction parameters (a, b) and (a',
b"). The CCLM prediction filter unit 4402 outputs the
chrominance signals Ch and Cr as prediction images related
to chrominance predSamplesCb and predSamplesCr.

predSamplesCh=(a*refSamplesLuma)>>shift+b Expression (24)

predSamplesCr=(a"*refSamplesLuma)>>shift+b’  Expression (25)

[0167] Here, (a, b)is a CCLM prediction parameter for the
chrominance Cb (in a case that y[i] is Cb), and (a', b') is a
CCLM prediction parameter for the chrominance Cr (if y[i]
is Cr).

Configuration of Image Decoding Apparatus

[0168] FIG. 6 illustrates a block diagram illustrating a
configuration of the image decoding apparatus according to
the present embodiment. In FIG. 6, for the sake of simpli-
fying the drawing, some members included in the block
diagram illustrated in FIG. 6 are omitted. For the sake of
convenience of description, members having the same func-
tions as those of the members illustrated in FIG. 3 are
denoted by the same reference signs, and descriptions of the
members are omitted.

[0169] As illustrated in FIG. 6, the image decoding appa-
ratus 31 includes a decoding module 9, a CT information
decoding unit 10, a prediction image generation unit 308, an
inverse quantization and inverse transform processing unit
311, a reference picture memory 306, an addition unit 312,
a loop filter 305, a header decoding unit 19, and a CU
decoding unit 20 (prediction mode decoding unit). The CU
decoding unit 20 further includes a PU information decoding
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unit 12 and a TT information decoding unit 13. The TT
information decoding unit 13 further includes a TU decod-
ing unit 22.

Decoding Module

[0170] General operation of each module will now be
described. The decoding module 9 performs decoding pro-
cessing of decoding syntax values from binary data. More
specifically, the decoding module 9 decodes syntax values
coded by an entropy coding scheme such as CABAC, based
on coded data and a syntax type supplied from sources of
supply. Then, the decoding module 9 returns decoded syntax
values to the sources of supply.

[0171] In the example given below, sources of supply of
coded data and a syntax type are the CT information
decoding unit 10 and the CU decoding unit 20 (the PU
information decoding unit 12 and the TT information decod-
ing unit 13) (prediction unit decoding unit). The prediction
parameter decoding unit 302 in FIG. 3 corresponds to the
CU decoding unit 20 and the PU information decoding unit

12.
Basic Flow
[0172] FIG. 5 is a flowchart illustrating general operation

of the image decoding apparatus 31.

[0173] (S1100: Decode parameter set information) The
header decoding unit 19 decodes parameter set information
such as VPS, SPS, and PPS from coded data.

[0174] (S1200: Decode slice information) The header
decoding unit 19 decodes the slice header (slice information)
from the coded data.

[0175] Hereinafter, the image decoding apparatus 31
repeats the processing from S1300 to S5000 on each CTU
included in the target picture to derive a decoded image of
the CTU.

[0176] (S1300: Decode CTU information) The CT infor-
mation decoding unit 10 decodes coding tree units (CTU)
from the coded data.

[0177] (S1400: Decode CT information) The CT informa-
tion decoding unit 10 decodes coding trees (CTs) from the
coded data. For the separate coding tree, the CT information
decoding unit 10 decodes multiple route coding tree nodes
coding_quadtree (x0, y0, log2CbSize, 0, comp_mode).
[0178] (S1500: Decode CUs) The CU decoding unit 20
performs S1510, S1600, and S1700 to decode coding units
(CUs) from the coded data.

[0179] (S1510: Decode CU information) The CU decod-
ing unit 20 decodes CU information from the coded data.
[0180] (S1600: Decode PU information) The PU informa-
tion decoding unit 12 decodes prediction unit information
(PU information PTI) from the coded data.

[0181] (S1700: Decode TT information) The TT informa-
tion decoding unit 13 decodes a transform tree TT from the
coded data.

[0182] (S2000: Generate prediction image) The prediction
image generation unit 308 generates a prediction image
Pred, based on PU information PUI for each PU included in
the target CU.

[0183] (S3000: Inverse quantization and inverse trans-
form) The inverse quantization and inverse transform pro-
cessing unit 311 performs inverse quantization and inverse
transform processing on each TU included in the target CU,
based on the TT information TTI.
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[0184] (S4000: Generate decoded image) The adder 312
generates a decoded image PO for the target CU by adding
a prediction image Pred supplied by the prediction image
generation unit 308 and prediction residuals D supplied by
the inverse quantization and inverse transform processing
unit 311.

[0185] (S5000: Loop filter) The loop filter 305 applies a
loop filter such as a deblocking filter and a sample adaptive
filter (SAO) to the decoded image P0 to generate a decoded
image P.

Decoding Module

[0186] General operation of each module will now be
described. The decoding module 9 performs decoding pro-
cessing of decoding syntax values from binary data. More
specifically, the decoding module 9 decodes syntax values
coded by an entropy coding scheme such as CABAC, based
on the coded data and syntax type supplied from the sources,
and returns decoded syntax values to the sources.

[0187] In the example given below, the sources of the
coded data and syntax type are the CT information decoding
unit 10 and the CU decoding unit 20 (the PU information
decoding unit 12 and the TT information decoding unit 13).

TT Information Decoding Unit

[0188] The TT information decoding unit 13 uses the
decoding module 9 to decode each TTI (such as TU split flag
SP_TU (split_transform_flag) and a CU residual flag CBP_
TU (cbtf_cb, cbf_cr, cbf_luma), and a TU).

[0189] The TT information decoding unit 13 includes the
TU decoding unit 22. In a case that a TU includes a residual,
the TU decoding unit 22 decodes QP update information
(quantization correction value). Note that the QP update
information is a value indicating a difference value from a
quantization parameter prediction value qPpred, which is a
prediction value of a quantization parameter QP. The TU
decoding unit 22 decodes a quantization prediction residual
(residual_coding).

Processing of CT Information Decoding

[0190] Hereinafter, processing of CT information decod-
ing will be described with reference to FIGS. 8, 9, and 11.
FIG. 8 is a flowchart illustrating operation of the CT
information decoding unit 10 according to an embodiment
of the present invention. FIG. 9 is a diagram illustrating a
configuration example of a syntax table of QT information
according to an embodiment of the present invention. FIG.
11 is a diagram illustrating a configuration example of a
syntax table of BT information according to an embodiment
of the present invention.

[0191] First, the CT information decoding unit 10 per-
forms CT information decoding S1400. In a case of the
separate coding tree, the CT information decoding unit 10
decodes multiple root coding tree nodes coding_quadtree
(%0, y0, log2CbSize, 0, comp_mode).

[0192] In the CT information decoding S1400 performed
by the CT information decoding unit 10, QT information
decoding and BT information decoding are performed. The
QT information decoding and the BT information decoding
performed by the CT information decoding unit 10 will be
described below in sequence.

[0193] The CT information decoding unit 10 decodes CT
information from coded data, and recursively decodes a
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coding tree CT (coding quadtree). Specifically, the CT
information decoding unit 10 decodes QT information, and
decodes a target coding tree coding quadtree (x0, yO,
log2CbSize, cqtDepth, comp_mode). Note that x0, y0 rep-
resents upper left coordinates of the target coding tree.
log2CbSize represents a logarithm CT size corresponding to
a logarithm to base CT size of 2 corresponding to the size of
the coding tree (for example, the logarithm CT size is 6, 7,
or 8 respectively in a case that the CT size is 64, 128, or
256). cqtDepth represents a CT depth (QT depth) indicating
a hierarchy level of a coding tree. A logarithm value of “X”
corresponding to a logarithm to base “X” of 2 is hereinafter
referred to as a logarithm X size. comp_mode indicates a
target color component.

[0194] (S1411) The CT information decoding unit 10
determines whether decoded CT information includes a QT
split flag or not. Specifically, the CT information decoding
unit 10 determines whether the logarithm CT size
log2CbSize is larger than a logarithm value
MinCbLog2SizeY of a prescribed minimum CT size or not.
In a case that the logarithm CT size log2CbSize is larger than
MinCbLog2SizeY, the CT information decoding unit 10
determines that the QT split flag is present, and the process-
ing transitions to S1421. Otherwise the processing transi-
tions to S1422.

[0195] (S1421) In a case of determining that the logarithm
CT size log2CbSize is larger than MinCbLog28SizeY, the CT
information decoding unit 10 decodes the QT split flag
(split_cu_flag), which is a syntax element. (This corresponds
to SYN1420B and SYN1421 in the syntax table)

[0196] (S1422) Otherwise (the logarittm CT size
log2CbSize is equal to or smaller than MinCbLog2SizeY),
in other words, in a case that the QT split flag split_cu_flag
is not found in the coded data, the CT information decoding
unit 10 omits decoding of the QT split flag split_cu_flag
from the coded data, and derives the QT split flag split_cu_
flag as 0.

[0197] (S1450) In a case that the QT split flag split_cu_
flag has a value other than O (=1), then the processing
transitions to S1451. Otherwise (in a case that the QT split
flag split_cu_flag has a value of 0), the processing transitions
to S1471. (This corresponds to SYN1450 in the syntax table)
[0198] After finishing the processing described above, the
CT information decoding unit 10 performs (S1451)
described below, and transitions to a hierarchy level imme-
diately below before repeating the processing in (S1411) and
subsequent processing.

[0199] (S1451) The CT information decoding unit 10
performs a QT split. Specifically, the CT information decod-
ing unit 10 decodes four coding trees CT of the logarithm
CN size 1og2CbSize-1, at positions at a CT depth cqt-
Depth+1 (x0, y0), (x1, y0), (x0, y1), and (x1, y1). (This
corresponds to SYN1451A, SYN1451B, SYN1451C, and
SYN1421D in the syntax table)

coding quadtree (x0, y0, log2CbSize - 1, cqtDepth + 1, comp__mode)
coding quadtree (x1, y0, log2CbSize - 1, cqtDepth + 1, comp__mode)
coding quadtree (x0, y1, log2CbSize - 1, cqtDepth + 1, comp__mode)
coding quadtree (x1, y1, log2CbSize - 1, cqtDepth + 1, comp__mode)

[0200] xO0, yO represents the upper left coordinates of a
target coding tree. x1, y1 is derived by adding ' of the CT
size (1<<log2CbSize) to (x0, y0), as in the following expres-
sions.
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x1=x0+(1<<(log2ChSize-1))
y1=p0+(1<<(log2ChSize-1))

[0201] Note that << indicates a left shift. 1<<N has the
same value as 2 to the power of N (the same holds true
hereinafter). Similarly, >> indicates a right shift.

[0202] Then, the CT information decoding unit 10 adds 1
to the CT depth cqtDepth indicating the hierarchy level of
the coding tree and updates the logarithm CT size
log2CbSize by subtracting 1 from the logarithm CT size
log2CbSize (multiplying the CT size by Y2).

cqtDepth=cqtDepth+1
log2CbSize=log2CbSize-1

[0203] Even in the lower coding trees CT, the CT infor-
mation decoding unit 10 continues QT information decoding
started at S1401, by using the updated upper left coordi-
nates, logarithm CT size, and CT depth.

[0204] After the QT split is ended, the CT information
decoding unit 10 decodes CT information from the coded
data, and recursively decodes the coding tree CT (coding_
binarytree). Specifically, the CT information decoding unit
10 decodes BT information, and decodes a target coding tree
coding_quadtree (x0, y0, 1log2CbWidth, log2CbHeight, cqt-
Depth, cbtDepth, comp_mode). Note that x0, y0 represents
the upper left coordinates of the target coding tree,
log2CbWidth represents the logarithm value of the width of
the coding tree, log2CbHeight represents the logarithm
value of the height of the coding tree, cqtDepth represents a
CT depth (QT depth) indicating the hierarchy level of the
coding tree, and cbtDepth represents a CT depth (BT depth)
indicating the hierarchy level of the coding tree. comp-mode
indicates a target color component.

[0205] (S1471) The CT information decoding unit 10
determines whether the decoded CT information includes
the BT split mode (split information) or not. Specifically, the
CT information decoding unit 10 determines whether the
height of the coding tree (1<<log2CbHeight) is larger than
minBTSize or the width (1<<log2CbWidth) of the coding
tree is larger than minBTSize, and the width
(1<<1og2CbWidth) of the coding tree is equal to or smaller
than maxBTSize, and the height of the coding tree
(1<<log2CbHeight) is equal to or smaller than maxBTSize,
and cbtDepth is smaller than maxBTDepth. minBTSize is
the minimum BT size (minimum size of a leaf node of a
binary tree), maxBTSize is the maximum BT size (maxi-
mum size of a root node of the binary tree), and maxBT-
Depth is the maximum BT depth (maximum value of depth
of the binary tree).

[0206] In a case that the condition described above is
satisfied, the CT information decoding unit 10 determines
that the BT split mode is present and transitions to S1481.
Otherwise the processing transitions to S1482.

[0207] (S1481) In a case that the condition described
above is satisfied, the CT information decoding unit 10
decodes the BT split mode split_bt_mode[x0][y0], which is
a syntax element. (This corresponds to SYN1471 in the
syntax table)

[0208] (S1482) Otherwise (in a case that the above-de-
scribed condition is not satisfied), in other words, in a case
that the BT split mode split_bt_mode [x0][y0] does not
appear in the coded data, the CT information decoding unit
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10 omits decoding of the BT split mode split_bt_mode
[x0][y0] from the coded data and derives the BT split mode
split_bt_mode [x0][y0] as 0.

[0209] (S1490) The CT information decoding unit 10
transitions to S1491 in a case that the BT split mode
split_bt_mode[x0][y0] has a value other than 0 (=1 or 2,
split_bt_flag [x0][y0] is other than 0). Otherwise (in a case
that the BT split mode split_bt_mode [x0][y0] is 0), the CT
information decoding unit 10 ends the processing without
splitting the target coding tree.

[0210] Subsequently, the CT information decoding unit 10
performs (S1491) described below, and transitions to a
hierarchy level immediately below before repeating the
processing in (S1471) and subsequent processing.

[0211] (S1491) The CT information decoding unit 10
performs a BT split. Specifically, in a case that the BT split
mode split_bt_mode [x0][y0] is 1, the CT information
decoding unit 10 decodes two coding trees CT with a value
of logarithmic width of 1log2CbWidth and a value of loga-
rithmic height of log2CbHeight-1 at the positions (x0, y0)
and (x0, y1) at the CT depth cbtDepth+1. (This corresponds
to SYN1481A, SYN1491A, and SYN1491B in the syntax
table)

[0212] coding_binarytree  (x0, y0, log2CbWidth,
log2CbHeight-1, cqtDepth, cbtDepth+1, comp_mode)
[0213] coding_binarytree  (x0, yl, log2CbWidth,
log2CbHeight-1, cqtDepth, cbtDepth+1, comp_mode)
[0214] On the other hand, in a case that the BT split mode
split_bt_mode [x0][y0] is 2, the CT information decoding
unit 10 decodes two coding trees CT with a value of
logarithmic width of log2CbWidth-1 and a value of loga-
rithmic height of log2CbHeight at the positions (x0, y0) and
(x1, y0) at the CT depth cbtDepth+1. (This corresponds to
SYN1481B, SYN1491C, and SYN1491D in the syntax
table)

[0215] coding_binarytree (x0, vy0, log2CbWidth-1,
log2CbHeight, cqtDepth, cbtDepth+1, comp_mode)

[0216] coding_binarytree (x1, vy0, log2CbWidth-1,
log2CbHeight, cqtDepth, cbtDepth+1, comp_mode)

[0217] Here, x0, yO represents the upper left coordinates
of the target coding tree. x1, y1 is derived by adding, to (x0,
y0), V2 of (1<<log2CbWidth) and %2 of (1<<(log2CbHeight)
as in the following expressions.

x1=x0+(1<<(log2CbWidth-1))

y1=p0+(1<<(log2CbHeight-1))

[0218] Note that << indicates left shift. 1<<N has the same
value as 2 to the power of N (the same holds true herein-
after). Similarly, >> indicates a right shift.

[0219] Then, the CT information decoding unit 10 adds 1
to the CT depth cbtDepth indicating the hierarchy level of
the coding tree, and updates log2CbWidth or log2ChHeight
by subtracting 1 from log2CbWidth or log2CbHeight.

cbtDepth=cbtDepth+1
log2CbWidth=log2 CbWidth-1, or

log2CbHeight=log2CbHeight-1

[0220] The CT information decoding unit 10 also uses the
updated upper left coordinates, logarithmic values of the CT
width and height, and BT hierarchy level to continue BT
information decoding coding_binarytree started at S1471
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(x0, y0, log2CbWidth, log2CbHeight, cqtDepth, cbtDepth,
comp_mode) in the lower coding trees CT.

[0221] In a case that the BT split mode split_bt_mode[x0]
[v0] is O, that is, in a case that neither a QT split nor a BT
split is performed, the CT information decoding unit 10 uses
the CU decoding unit 20 to decode the coding unit CU
(coding_unit (x0, y0, log2CbWidth, log2CbHeight)).
[0222] FIG. 12 is a flowchart illustrating general operation
of the CU decoding unit 20 (decoding of CUs S1500 and
S1510), the PU information decoding unit 12 (decoding of
PU information S1600), the TT information decoding unit
13 (decoding of TT information S1700) according to an
embodiment of the present invention. FIG. 15 is a diagram
illustrating a configuration example of a syntax table of CU
information, PT information PTI, and TT information TTI
according to an embodiment of the present invention.

CU Decoding Unit

[0223] (S1500) The CU decoding unit 20 decodes the
coding unit CU (coding unit (x0, y0, log2CbWidth,
log2CbHeight)). Here x0, yO represents the upper left coor-
dinates of the coding unit. log2CbWidth and log2CbHeight,
representing the logarithmic sizes of the coding unit, are
notified from the CT information decoding unit 10. The
specific processing of the CU decoding unit 20 is as follows.
[0224] The CU decoding unit 20 decodes CU information
(skip flag, CU prediction scheme information PartMode, PU
split type information, and residual route flag) by using the
decoding module 9.

[0225] (S1511) The CU decoding unit 20 uses the decod-
ing module 9 to decode the skip flag cu_skip_flag from the
coded data.

[0226] (S1512) The CU decoding unit 20 determines
whether the skip flag cu_skip_flag has a value other than 0
(=1) or not. In a case that the skip flag cu_skip_flag has a
value other than 0, the CU decoding unit 20 notifies the PU
information decoding unit 12 that the skip flag cu_skip_flag
has a value other than 0. In a case that the skip flag
cu_skip_flag has a value of 0, (S1513) the CU decoding unit
20 decodes the prediction mode information predMode
(pred_mode_flag and CuPredMode), and in addition,
(S1514) decodes the PU split type information PartMode
(part_mode) and notifies the PU information decoding unit
12 of the decoding. Furthermore, (S1515) the CU decoding
unit 20 decodes the residual route flag rqt_root_flag
(S1516), determines whether the residual root flag has a
value other than 0 or not, and in a case that the residual route
flag has a value of 0, ends the processing and otherwise
notifies the TT information decoding unit 13 that the residual
root flag has a value other than 0.

PU Information Decoding Unit

[0227] The PU information decoding unit 12 uses the
decoding module 9 to perform decoding processing of the
PU information PUI. Specifically, the PU information
decoding unit 12 decodes the PU information PUI according
to the following procedure.

[0228] The PU information decoding unit 12 references
the PU split type information PartMode configured in
advance or otherwise notified by the CU decoding unit 20 to
determine the PU split type in the target CU. Subsequently,
the PU information decoding unit 12 performs decoding
processing of the PU information corresponding to the target
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PU, with each of the PUs included in the target CU sequen-
tially configured as the target PU.
[0229] In other words, the PU information decoding unit
12 performs decoding processing of each parameter used to
generate the prediction image Pred from PU information
corresponding to the target PU.
[0230] The PU information decoding unit 12 supplies the
decoded PU information PUI for the target PU to the
prediction image generation unit 308.
[0231] More specifically, the PU information decoding
unit 12 performs the following operation as illustrated in
FIG. 12. FIG. 12 is a flowchart illustrating general operation
of PU information decoding illustrated at S1600.
[0232] (S1631) The PU information decoding unit 12
decodes each piece of the PU information included in the
target CU, from the coded data in accordance with the
number of PU splits indicated by the PU split type infor-
mation PartMode.
[0233] For example, in a case that the PU split type is
2Nx2N, the PU information decoding unit 12 decodes one
piece of the PU information PUI described below, with the
CU configured as one PU.
[0234] prediction_unit (%0, YO,
(SYN1631A)
[0235] In a case that the PU split type is 2NxN, the PU
information decoding unit 12 decodes two pieces of the PU
information PUI described below for splitting the CU in a
horizontal direction.
[0236] prediction_unit
(SYN1631B)
[0237] prediction_unit (x0, yO +(nCbH/2), nCbW,
nCbH/2) (SYN1631C)
[0238] In the case that the PU split type is Nx2N, the PU
information decoding unit 12 decodes two pieces of the PU
information PUT described below for splitting the CU in a
lateral direction.
[0239] prediction_unit
(SYN1631D)
[0240] prediction_unit (x0+(nCbW/2), y0, nCbW/2,
nCbH) (SYN1631E)
[0241] In a case that the PU split type is NxN, the PU
information decoding unit 12 decodes four pieces of the PU
information PUI described below for splitting the CU into
four equal portions.
[0242] prediction_unit (x0, y0, nCbW/2, nCbH/2)
(SYN1631F)
[0243] prediction_unit (x0+(nCbW/2), y0, nCbW/2,
nCbH/2) (SYN1631G)
[0244] prediction_unit (x0, yO+(nCbW/2), nCbW/2,
nCbH/2) (SYN1631H)
[0245] prediction_unit (x0+(nCbW/2), yO+(nCbH/2),
nCbW/2, nCbH/2) (SYN16311)
[0246] (S1632) in a case that the skip flag is 1, the PU
information decoding unit 12 uses a PU split type of 2Nx2N
to decode one piece of the PU information PUI.
[0247] prediction_unit (X0, yO0, nCbW,
(SYN1632)
[0248] FIG. 16 is a diagram illustrating a configuration
example of a syntax table of the PU information PUI
according to an embodiment of the present invention. FIG.
16 illustrates an example of a syntax for inter prediction
parameters such as merge flag, inter_pred_idc, refldxLX,
mvp_1X_idx, and mvdLLX. An intra prediction parameter is
also specified by prediction_unit ( ), but is not illustrated

nCbW, nCbH)

(x0, y0, nCbW, nCbH/2)

(x0, y0, nCbW/2, nCbH)

nCbH)
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herein. In addition, the syntax table may indicate the intra
prediction parameter by using intra_mode ().

TT Information Decoding Unit

[0249] In a case that the residual root flag rqt_root_cbf
decoded in the CU decoding unit 20 has a value other than
0 (=1), the processing transitions to S1700 to decode the TT
information TTI, and processing is performed by the TT
information decoding unit 13. In a case that the residual
route flag rqt_root_cbf has a value of 0, the processing of
decoding the TT information TTT of the target CU from the
coded data is omitted, and the TT information TTI is derived
on the assumption that the target CU includes no TU split
and that quantized prediction residuals of the target CU are
0.

[0250] The TT information decoding unit 13 uses the
decoding module 9 to perform decoding processing of the
TT information TTI (TU split information, CU residual flag,
AMT flag, and TU). The TT information decoding unit 13
includes the TU decoding unit 22.

[0251] Hereinafter, processing in which the TT informa-
tion decoding unit 13 decodes the transform unit TU and the
AMT flag amt_flag will be described with reference to
FIGS. 13 and 17. FIG. 13 is a flowchart illustrating general
operation of TT information decoding unit 13 (TT informa-
tion decoding S1700) according to an embodiment of the
present invention. FIG. 17 is a diagram illustrating a con-
figuration example of a syntax table of the TT information
TTI according to an embodiment of the present invention.
[0252] (S1731) The TT information decoding unit 13
decodes the TU split flag (split_transform_flag) in a case that
a target TU size (e.g., a logarithmic TU size log2TrafoSize)
is within a range of a prescribed transform size (here, the
logarithmic TU size is equal to or smaller than a maximum
logarithmic TU size MaxTbLog 2SizeY and larger than
minimum logarithmic TU size MinTbLog 2SizeY) and that
the TU hierarchy level trafoDepth of the target TU is lower
than a prescribed hierarchy level (here, lower than a maxi-
mum TU hierarchy MaxTrafoDepth). More specifically, in a
case that, as illustrated at SYN1721, the logarithmic TU size
log2TrafoSizesmaximum logarithmic TU size MaxTbLog
2SizeY and the logarithmic TU size
log2TrafoSize>minimum logarithmic TU size MinTbLog
28izeY and the TU hierarchy level trafoDepth<maximum
TU hierarchy level MaxTrafoDepth (YES at S1721), then
the TT information decoding unit 13 proceeds to S1731 and
decodes the TU split flag (split_transform_flag) (SYN1731).
[0253] (S1732) On the other hand, in a case that split
transform flag does not appear in the coded data, i.e., the
logarithmic TU size log2TrafoSize>maximum logarithmic
TU size MaxTbLog 2SizeY or the logarithmic TU size
log2TrafoSizesminimum logarithmic TU size MinTbLog
28izeY or the TV hierarchy level trafoDepth<maximum TU
hierarchy level MaxTrafoDepth (NO at S1721), the TT
information decoding unit 13 derives the TU split flag
(split_transform_flag). More specifically, in a case that the
logarithmic TU size log2TrafoSize is larger than the maxi-
mum logarithmic TU size MaxTbLog 2SizeY, the TT infor-
mation decoding unit 13 derives the TU split flag split_
transform_flag as a value indicating that a split is to be
performed (=1), and otherwise (the logarithmic TV size
log2TrafoSize is equal to the minimum logarithmic TU size
MaxTbLog 2SizeY or the TU hierarchy level trafoDepth
equals the maximum TU hierarchy level MaxTrafoDepth)
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derives the TU split flag split_transform_flag as a value
indicating that no split is to be performed (=0).
[0254] (S1755) The TT information decoding unit 13
decodes the AMT flag amt_flag in a case that the TI) split
flag split_transform_flag has a value indicating that a split is
to be performed (e.g., 1) (YES at S1733) and that the TU
hierarchy level trafoDepth is 0 (YES at S1754) (SYN1755).
Note that even in a case that the TU split flag split_
transform_flag has a value indicating that a split is to be
performed (YES at S1733), the TT information decoding
unit 13 transitions to S1756 without decoding the AMT flag
amt_{flag from the coded data in a case that the TU hierarchy
level trafoDepth is not 0 (NO at S1754). In this case, the
amt_flag decoded in the decoding of the AMT flag in the
higher transform tree TT (S1755) is used without any
change.
[0255] (1756) The TT Information decoding unit 13 uses
the following expressions to update the TU hierarchy level
trafoDepth 1 indicating the hierarchy level of the transform
tree, the four positions (x0, y0), (x1, y0), (x0, y1), and (x1,
y1l), and the logarithmic CT size log2TrafoWidth and
log2TratoHeight, corresponding to the target TV size, and
recursively decodes the transform tree TT at the hierarchy
level immediately below, using the updated hierarchy level
and size.
[0256] transform_tree (x0, y0, x0, y0, log2TrafoWidth—
1, log2TrafoHeight-1, trafoDepth+1, 0)
[0257] transform_tree (x1, y0, %0, y0, log2TrafoWidth—
1, log2TrafoHeight-1, 1)
[0258] transform_tree (x0, y1, x0, y0, log2TrafoWidth—
1, log2TrafoHeight-1, 2)
[0259] transform_tree y1, x0, yO0, log2TrafoWidth-1,
log2TrafoHeight-1, 3)
[0260] Here, x0, yO represents the upper left coordinates
of the target transform tree, and x1, yl represents coordi-
nates derived by adding 2 of the target TU size
(1<<log2TrafoWidth) and (1<<log2TrafoHeight) to the
transform tree coordinates (x0, y0), as in the following
expressions (SYN1756).

x1=x0+(1<<(log2TrafoWidth-1)
y1=p0+(1<<(log2TrafoHeight-1)

[0261] As described above, before decoding the transform
tree transform tree recursively, the TT information decoding
unit 13 adds 1 to the TU hierarchy level trafoDepth, which
indicates the hierarchy level of the transform tree TT, and
subtracts 1 from the logarithmic CT sizes log2TrafoWidth
and log2TrafoHeight, corresponding to the target TU size,
according to the following expressions.

trafoDepth=trafoDepth+1
log2 TrafoWidth log2 TrafoWidth-1

log2 TrafoHeight=log2 TrafoHeight—1

[0262] (S1751) On the other hand, in a case that the TU
split flag split_transform_flag has a value of 0 (NO at
S1733), the TT information decoding unit 13 decodes a TV
residual flag (e,g, cbf_luma) indicating whether the target
TU includes residuals. Here, as the TU residual flag, a
luminance residual flag cbf luma is used that indicates
whether the luminance component of the target TU includes
residuals. However, no such limitation is intended.
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[0263] (S1753) The TT information decoding unit 13
decodes the AMT flag amt_flag (SYN1753) in a case that the
TV hierarchy level trafoDepth is 0 and that the TU residual
flag (e,g, cbf_luma) has a value of 0 (YES at S1752).
Otherwise (NO at S1752), amt_flag=0 is configured without
decoding amt_flag.

[0264] (S1760) The TU decoding unit 22 of the TT
information decoding unit 13 decodes a transform unit
TUtransform_unit illustrated at SYN1760 (x0, y0, xBase,
yBase, log2TrafoWidth, log2TrafoHeight, trafoDepth,
blkldx) in a case that the TU split flag split_transform_flag
has a value of 0 (NO at S1733).

[0265] Now, processing in which the TU decoding unit 22
decodes TU information will be described using FIG. 14 and
FIG. 18. FIG. 14 is a flowchart illustrating general operation
of the TU decoding unit 22 (decoding of TU information
S1760) according to an embodiment of the invention. FIG.
18 is a diagram illustrating a configuration example of a
syntax table of the TU information according to an embodi-
ment of the present invention. In a case that a TU includes
residuals, the TU decoding unit 22 decodes QP update
information (quantization correction value). Note that the
QP update information is a value indicating the value of a
difference from a quantization parameter prediction value
qPred, which is a prediction value for a quantization param-
eter QP. The TU decoding unit 22 decodes a quantization
prediction residual (residual_coding).

[0266] (S1761) The TU decoding unit 22 determines
whether the TU includes residuals (whether the TU residual
flag has a value other than 0 or not). Note that, in SYN1761,
whether the TU includes residuals is determined by chflu-
mal|chfChroma derived by the following expression. How-
ever, no such limitation is intended. In other words, as the
TU residual flag, the luminance residual flag cbf luma may
be used that indicates whether the luminance component of
the target TU includes residuals.

chfLuma=chf luma[x0][y0][trafoDepth]

chfChroma=cbf _cb[xC][yC][cbfDepthC]|lcbf_cr[xC]
[¥1[cbfDepthC]

[0267] Note that cbf_cb and cbf_cr are flags decoded from
the coded data, and indicate whether the chrominance com-
ponents Cb and Cr of the target TU include residuals. ||
denotes a logical sum. Here, the TU residual flag cbfl.uma
for luminance and the TU residual flag cbfChroma for
chrominance are derived from the TU luminance position
(x0, y0), the chrominance position (xC, yC), the TU depth
trafoDepth, and the syntax elements cbf_luma, cbf_cb, and
cbf_cr at ctbDepthC, and the sum (logical sum) of these
values is derived as a TU residual flag of the target TU.
[0268] (S1771) In a case that the TU includes residuals
(the TU residual flag has a value other than 0), the TU
decoding unit 22 decodes QP update information (quanti-
zation correction value). Here, the QP update information is
a value indicating the value of a difference from a quanti-
zation parameter prediction value qPpred, which is a pre-
diction value for a quantization parameter QP. Here, the
difference value is decoded from an absolute value cu_gp_
delta_abs and a code cu_gp_delta_sign_flag as a syntax
element of the coded data. However, no such limitation is
intended.

[0269] (S1800) The TU decoding unit 22 decodes quan-
tized prediction residuals (residual coding) in a case that the
TU residua flag (here, cbfl.uma) has a value other than 0.
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Note that the TU decoding unit 22 may sequentially decode
multiple color components as quantized prediction residuals.
In the illustrated example, the TU decoding unit 22 decodes
luminance quantized prediction residuals (first color com-
ponent) residual coding (x0, y0, log2TrafoWidth,
log2TratoHeight, 0) in a case that the TU residual flag (here,
chflLuma here) has a value other than 0, decodes residual
coding (x0, y0, log2TrafoWidthC, log2TrafoHeightC, 1) in
a case that the second color component residual flag cbf_cb
has a value other than 0, and decodes the third color
components  residuals  residual_coding  (x0, yO,
log2TratoWidthC, log2TrafoHeightC, 2) in a case that the
third color component residual flag cbf_cr has a value other
than 0.

[0270] (S1811) The TU decoding unit 22 decodes the
AMT index amt_idx in a case that the AMT flag amt_flag
has a value other than O and the number of non-zero
coeflicients numCoef is larger than a prescribed threshold
coreSIGNUM (YES at S1810).

[0271] (S1812) Otherwise (the AMT flag amt_flag has a
value of 0 or the number of non-zero coefficients numCoeff
is coreSIGNUM or less) (NO at S1810), TU decoding 22
outputs amt_idx=0 without decoding an AMT index amt_idx
from the coded data.

Separate Coding Tree and Shared Coding Tree

[0272] The embodiments herein include cases of process-
ing with a “separate coding tree (CTU_SEPARATE_T-
REES)” in which an image including multiple color com-
ponents such as YCbCr is processed in units of prescribed
rectangular blocks (e.g., CTU units) by using multiple trees
and processing with a “shared coding tree (CTU_SHARED_
TREE)” in which all color components are processed by
using one tree. The case of processing of a single color
component using one tree is also referred to as a “single
coding tree (CTU_SINGLE_TREE)”. A parameter indicat-
ing such a tree structure is referred to as a tree mode.
[0273] FIG. 22 is a diagram illustrating a tree structure and
a partition structure for each color component in the separate
coding tree. (a) is a luminance coding tree indicating a
luminance coding tree for a certain CTU, (b) is a chromi-
nance coding tree indicating a coding tree for chrominances
(Cb and Cr) for the same CTU, (c¢) is a luminance block split
corresponding to (a), and (d) is a block split corresponding
to (b). As illustrated in (a) and (b), the separate coding tree
includes multiple trees in block (CTU) units, and the trees
may be different from one another. Thus, as illustrated in (c)
and (d), different block splits (partition structures) can be
provided for a region at the same position (the same CTU).
[0274] FIG. 23 illustrates a relationship between a param-
eter ctu_tree_mode indicating the tree mode and the tree
structure (Name). (a) illustrates an example in which the
single coding tree and the shared coding tree are assigned to
a tree mode (ctu_tree_mode) 0, whereas the separate coding
tree is assigned to a tree mode 1. (b) illustrates an example
in which the single coding tree, the shared coding tree, and
the separate coding tree are respectively assigned to tree
modes (ctu_tree_mode) 0, 1, and 2.

[0275] FIG. 24 is a diagram illustrating a relationship
between color spaces and a parameter ChromaArrayType
indicating the arrangement of colors. In a case of 4:0:0 and
in a case that multiple color components are independently
coded, ChromaArrayType is 0. In a case that multiple color
components are coded in bundles such as in 4:2:0, 4:2:2, and
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4:4:4, then the values of ChromaArrayType are respectively
1,2, and 3. In a case that ChromaArray=0 corresponds to the
single coding tree and that ChromaArray is 1-3, this corre-
sponds to the shared coding tree or the separate coding tree.
[0276] (b) of FIG. 24 is a diagram illustrating a parameter
ctu_comp indicating a color component used in a certain
tree. In the single coding tree such as ChromaArray=0,
COMP_0 in which only the leading color component is
processed is configured in ctu_comp. In the shared coding
tree, COMP_012 in which all color components (here, three
color components) are processed is configured in ctu_comp.
In the separate coding tree, in a case that the leading color
component (e.g., luminance) is processed, COMP_0 is con-
figured as ctu_comp. In a case that the second and third color
components (e.g., the chrominances Cb and Cr) are pro-
cessed, COMP_12 is configured in ctu_comp. COMP_012
also means processing of three color components.

Configuration of Tree Blocks

[0277] FIG. 25 is a flowchart illustrating operation of the
CT information decoding unit 10 in a configuration using the
separate coding tree.

[0278] FIG. 26 is a diagram illustrating an example of a
syntax table in a configuration using the separate coding
tree. As illustrated, the CT information decoding unit 10
codes and decodes two root coding tree nodes coding_
quadtree in a CTU in the separate coding tree:

[0279] coding_quadtree (xCtb, yCtb, CtbLog2SizeY, 0,
ctn_comp)
[0280] coding_quadtree (xCtb, yCtb, CtbLog2SizeY, 0,

COMP_12)
[0281] InFIG. 26(a), the CT information decoding unit 10
performs the following processing.
[0282] SYN1310: The CT information decoding unit 10
configures the color component ctu_comp to be processed.
In a case that the CTU is in the separate coding tree,
COMP_0 indicating the leading component is configured,
otherwise COMP_012 indicating all components is config-
ured, in ctu_comp.
[0283] SYN1311: The CT information decoding unit 10
recursively decodes the CT (coding_quadtree) for the color
component indicated in ctu_comp. For example, for the
separate coding tree (ctu_comp is COMP_0), the CT infor-
mation decoding unit 10 recursively decodes the CT (cod-
ing_quadtree) for the leading color component. In other
words, the CT information decoding unit 10 performs
decoding processing by using the block (CTU) of the first
color component as the root node (root coding tree node).
[0284] SYN1320: For the separate coding tree, the CT
information decoding unit 10 configures the color compo-
nent to be processed next, here COMP_12.
[0285] SYN1321: The CT information decoding unit 10
recursively decodes the CT (coding_quadtree) for the color
component indicated in ctu_comp. For example, for the
separate coding tree (ctu_comp is COMP_12), the CT
information decoding unit 10 recursively decodes the CT
(coding_quadtree) for the second and third color compo-
nents. In other words, the CT information decoding unit 10
performs decoding processing by using the blocks (CTUs)
of the second and third color components as the root nodes
(root coding tree nodes).
[0286] In this example, information ctu_tree_mode indi-
cating whether to use the separate coding tree or the shared
coding tree may be determined, based on the flag indicated
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in the slice header. ctu_tree_mode may be determined
depending on a slice type slice_type, for example, the
separate tree is used in a case of an intra slice (slice_
type=1).

[0287] Note that the image coding apparatus and the
image decoding apparatus are the same in the flow of
processing except for differences between the coding pro-
cessing and the decoding processing. The CU coder 1130 of
the image coding apparatus performs similar operation to
that of the CT information decoding unit 10 to code the
coding tree.

[0288] FIG. 26(b) is another configuration example of the
syntax table.
[0289] SYN1301: The CT information decoding unit 10

decodes, from the coded data in CTU units, the information
ctu_tree_mode indicating whether to use the separate coding
tree or the shared coding tree.

[0290] FIG. 26(c) is another configuration example of the
syntax table. The syntax table corresponds to an example in
FIG. 25(a).

[0291] SYN1300 and SYN1301: The CT information
decoding unit 10 decodes, from the coded data, the infor-
mation ctu_tree_mode indicating whether to use the separate
coding tree or the shared coding tree in a case of an intra
slice (slice_type==1). In a case of an inter slice, the shared
coding tree is always used.

[0292] FIG. 25(b) is another example of operation of the
CT information decoding unit 10.

[0293] S1300B and S1301: The CT information decoding
unit 10 decodes, from the coded data, the information
ctu_tree_mode indicating whether to use the separate coding
tree or the shared coding tree in a case that the number of
color components is two or more. A shared coding tree is
always used in a case that the number of color components
is one.

[0294] FIG. 25(c) is another example of the operation of
the CT information decoding unit 10.

[0295] S1300A, S1300B, and S1301: The CT information
decoding unit 10 decodes, from the coded data, the infor-
mation ctu_tree_mode indicating whether to use the separate
coding tree or the shared coding tree in a case of an intra
slice (slice_type==1) and the number of color components
being two or more, In a case of an inter slice and the number
of color components being one, the shared coding tree is
always used.

Block Size Limitation in Separate Coding Tree

[0296] In the separate coding tree, individual trees are
assigned to luminance and chrominance for processing. For
the chrominance, efficient prediction is performed by a DM
prediction or a CCLM prediction by using luminance infor-
mation. However, in a case that no limitation is imposed on
the block size, there is a need to wait during luminance
processing for one CTU size before chrominance processing
is performed. A method for limiting the split flag to limit the
block size and a method for limiting the prediction mode
will be illustrated below. Preferably, two limitations are
simultaneously imposed.

[0297] FIG. 27 is a diagram illustrating operation of the
image decoding apparatus 31 according to an embodiment
of'the present invention. In this configuration, in a case of an
intra slice and multiple color components, the separate
coding tree is used. FIG. 30(a) is a syntax table illustrating



US 2020/0260096 Al

a configuration of coded data targeted by the image decoding
apparatus 31 according to the present embodiment.

[0298] The image decoding apparatus 31 splitting an
image into rectangular coding tree blocks (CTUs) for pro-
cessing includes the CU decoding unit 20 (CT information
decoding unit) performing, depending on the coding tree
mode, processing of the CTU as the single coding tree using
one coding tree CT (root coding tree node) or processing of
the CTU as the separate coding tree using two or more
coding trees CT (root coding tree nodes). The image decod-
ing apparatus 31 further includes the CU decoding unit 20
decoding the split flag indicating whether to further split the
coding tree CT or not and performing recursive block
splitting, an intra predictor (intra prediction image genera-
tion unit 310 and intra prediction parameter decoding unit
304) using a decoded image of one color component to
generate a prediction image of another color component, and
a prediction mode decoding unit (CU decoding unit 20)
configured to decode a prediction mode indicating whether
the prediction mode is an intra mode or an inter mode, and
the prediction mode decoding unit does not decode the
prediction mode but configures the prediction mode to the
intra mode in a case of an intra slice.

[0299] (S1422A) The CU decoding unit 20 does not
decode the split flag from the coded data but configures 1 (a
value indicating a split) in the split flag in a case of an intra
slice and the target CT size being larger than a prescribed
maximum intra size (YES at S1420A).

[0300] (S1422B) In a case other than the above-described
case (in a case of a CTU other than an intra slice) (NO at
S1420A), and the block size being equal to or smaller than
the minimum size (NO at S1420B), the CU decoding unit 20
configures the split flag split_cu_flag to 0 without decoding
the coded data.

[0301] (S1421) Otherwise (YES at 51420B), the CU
decoding unit 20 decodes the split flag split_cu_flag. (This
corresponds to SYN1421)

[0302] Note that the maximum size of the block size is
preferably configured with the maximum size maxIntra-
BlockSize of the intra block size. For example, maxIntra-
BlockSize=64.

[0303] Note that, as indicated in the syntax table, the
determination of whether to decode the split flag or not may
further include determination of, for example, whether the
target block exceeds a picture boundary. For example, in
accordance with a determination expression for x0+
(1<<1og2CbSize)<=pic_width_in_luma_samples && yO0+
(1<<1og2CbSize)<=pic_height_in_luma_samples, the split
flag is decoded only in a case that the X coordinate of the
right boundary of the target block is equal to or smaller than
a picture width and that the Y coordinate of the lower
boundary of the target block is equal to or smaller than a
picture height, in other words, in a case that the lower right
position of the target block is within the picture. Otherwise
the coded data is not decoded, with O configured in the split
flag split_cu_flag. This is also applied to the following
embodiments.

[0304] The maximum size of the block size may also be
configured with a minimum value of a maximum intra block
size maxIntraBlockSize, indicating the maximum size of the
intra block size, and a maximum transform size maxTrans-
Size of a maximum size of a transform size. For example, for
maxIntraBlockSize=64 and maxTransSize=128, the maxi-
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mum size is configured with maxCUSize=Min (maxIntra-
BlockSize, maxTransSize)=64.

[0305] According to the configuration described above, in
a case of the separate coding tree in an intra slice, the
luminance block size is inevitably equal to or smaller than
the maximum intra block size maxIntraBlockSize. Thus,
even in the worst case, the chrominance processing can be
started after waiting during processing of an intra block with
the maximum intra block size maxIntraBlockSize. Accord-
ingly, the above-described configuration has an effect that
reduces the amount of delay in the chrominance processing.
[0306] As described in the adaptive core transform, in a
case that a transform different from the transform for inter
blocks is used for an intra block, limiting the maximum intra
block size produces an effect that reduces circuits and
transform basis memories for the transform needed for intra
blocks.

[0307] Note that the image coding apparatus and the
image decoding apparatus are the same in the flow of
processing except for differences between the coding pro-
cessing and the decoding processing. The CU coder 1130 of
the image coding apparatus configures 1 (a value indicating
a split) in the split flag instead of coding the split flag into
the coded data in a case of an intra slice and the target CT
size being larger than the prescribed maximum intra size.
[0308] FIG. 28 is a diagram illustrating operation of
another configuration of the image decoding apparatus 31
according to an embodiment of the present invention. This
configuration uses S1420A2 instead of S1420A. FIG. 30(54)
is a syntax table illustrating the configuration of the coded
data targeted by the image decoding apparatus 31 according
to the present embodiment. in this configuration, informa-
tion indicating whether to use the single coding tree or the
separate coding tree for processing may be decoded from the
coded data in the CTU units.

[0309] (S1422A2) The CU decoding unit 20 does not
decode the split flag from the coded data but configures 1 (a
value indicating a split) in the split flag in a case of an intra
slice, and the separate coding tree, and the target CT size
being larger than the prescribed maximum intra size (YES at
S1420A2).

[0310] In this configuration, even in a case of an intra slice
and one of the shared coding tree and the separate coding
tree being selectable, the luminance block size is inevitably
equal to or smaller than the maximum intra block size
maxIntraBlockSize in a case of an intra slice and the
separate coding tree. Thus, even in the worst case, the
chrominance processing can be started after waiting during
processing of an intra block with the maximum intra block
size maxIntraBlockSize. Accordingly, the above-described
configuration has an effect that reduces the amount of delay
in the chrominance processing.

[0311] Note that the image coding apparatus and the image
decoding apparatus are the same in the flow of processing
except for differences between the coding processing and the
decoding processing. The CU coder 1130 of the image
coding apparatus configures 1 (a value indicating a split) in
the split flag instead of coding the split flag into the coded
data in a case of an intra slice, the separate coding tree, and
the target CT size being larger than the prescribed maximum
intra size.

[0312] FIG. 29 is a diagram illustrating operation of
another configuration of the image decoding apparatus 31
according to an embodiment of the invention. FIG. 30(c) is



US 2020/0260096 Al

a syntax table illustrating a configuration of coded data
targeted by the image decoding apparatus 31 according to
the present embodiment. This configuration uses S1420A3
instead of S1420A. In this configuration, information indi-
cating whether to use the single coding tree or the separate
coding tree for processing may be decoded from the coded
data in the CTU units.

[0313] (S1422A) The CU decoding unit 20 does not
decode the split flag from the coded data but configures 1 (a
value indicating a split) in the split flag in a case of the
separate coding tree and the target CT size being larger than
the prescribed maximum intra size (YES at S1420A3).
[0314] In this configuration, even in a case that the sepa-
rate coding tree can be selected, the luminance block size is
inevitably equal to or smaller than the maximum intra block
size maxIntraBlockSize. Thus, even in the worst case, the
chrominance processing can be started after waiting during
processing of a block with the maximum intra block size
maxIntraBlockSize. Accordingly, the above-described con-
figuration has an effect that reduces the amount of delay in
the chrominance processing.

[0315] FIG. 31 is a diagram illustrating operation of
another configuration of the image decoding apparatus 31
according to an embodiment of the present invention. FIG.
32 is a syntax table illustrating the configuration of the coded
data targeted by the image decoding apparatus 31 according
to the present embodiment, This configuration uses one of
S1420A1CC, S1420A2CC, and S1420A3CC instead of
S1420A. In this configuration, in a case that a luminance and
chrominance prediction for predicting a chrominance from
luminance can be performed, the block size is limited to the
maximum intra block size or less.

[0316] In this configuration, information indicating
whether to use the single coding tree or the separate coding
tree for processing may be decoded from the coded data in
the CTU units.

[0317] (S1422A) in FIG. 32(a), the CU decoding unit 20
does not decode the split flag from the coded data but
configures 1 (a value indicating a split) in the split flag in a
case of CCLM being applicable (cclm_enabled_flag=1), an
intra slice, and the target CT size being larger than the
prescribed maximum intra size (YES at S1420A1CC). (This
corresponds to SYN1420A1CC)

[0318] (S1422A) In FIG. 32(b), the CU decoding unit 20
does not decode the split flag from the coded data but
configures 1 (a value indicating a split) in the split flag in a
case of CCLM being applicable (cclm_enabled_flag=1), an
intra slice, the separate coding tree, and the target CT size
being larger than the prescribed maximum intra size (YES at
S1420A2CC). (This corresponds to SYN1420A2CC)

[0319] Alternatively, (S1422A) in FIG. 32(¢), the CU
decoding unit 20 does not decode the split flag from the
coded data but configures 1 (a value indicating a split) in the
split flag in a case of CCLM being applicable (cclm_
enabled_flag=1), the separate coding tree, and the target CT
size being larger than the prescribed maximum intra size

(YES at  S1420A3CC). (This  corresponds to
SYN1420A3CC)
[0320] As illustrated in FIG. 33, the maximum size of the

block size can be configured depending on CCLM applica-
bility (cclm_enabled_flag=1).

[0321] (S1422A) The CU decoding unit 20 does not
decode the split flag from the coded data but configures 1 (a
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value indicating a split) in the split flag in a case that the
target CT size is larger than the prescribed maximum size
(YES at S1420).

[0322] In this configuration, in a case that the maximum
block size is exceeded as in the case of S1420, 1 is
configured in the split flag and is thus forcibly split. How-
ever, as illustrated at S1401CC, the maximum block size
maxCUSize is set equal to the maximum intra block size in
a case that CCLM is applicable (cclm_enabled_flag=1)
(YES at S1401CC), and is otherwise set equal to the
maximum transform size.

if (CCLM applicable) S1401CC
maxCUSize = maxIntraBlockSize

else

maxCUSize = maxTransSize S1403CC

S1402CC

[0323] In a case of CCLM being applicable (cclm_e-
nabled_flag=1), the maximum block size maxCUSize may
be set equal to the minimum value of the maximum intra
block size and the maximum transform size, and may
otherwise be set equal to the maximum transform size.

if (CCLM applicable) S1411CC

maxCUSize = Min (maxIntraBlockSize, maxTransSize) S1412CC2
else

maxCUSize = maxTransSize S1413CC

[0324] In this configuration, the luminance block size is
limited to the maximum intra block size maxIntraBlockSize
or less depending on CCLM applicability (cclm_enabled_
flag=1). Thus, in a case that the chrominance needs to wait
during luminance processing by using the luminance and
chrominance predictions, even in the worst case, the chromi-
nance processing can be started after waiting during pro-
cessing of an intra block with the maximum intra block size
maxIntraBlockSize. Accordingly, the above-described con-
figuration has an effect that reduces the amount of delay in
the chrominance processing.

[0325] Note that the image coding apparatus and the
image decoding apparatus are the same in the flow of
processing except for differences between the coding pro-
cessing and the decoding processing. The CU coder 1130 of
the image coding apparatus does not code the split flag in the
coded data but configures 1 (a value indicating a split) in the
split flag in a case of the CCLM prediction being applicable
(cclm_enabled_flag=1), the separate coding tree, and the
target CT size being larger than the prescribed maximum
intra size.

Limitation of Prediction Mode in Shared Tree

[0326] The shared tree uses a tree shared between lumi-
nance and chrominance. However, in a case that the predic-
tion mode predMode indicates an intra prediction, then for
the chrominance, luminance information is used to perform
a DM prediction or a CCLM prediction, leading to efficient
prediction. In a case that no limitation is imposed on the
block size, there is a need to wait during luminance pro-
cessing for one CTU size before chrominance processing
performed. Hereinafter, for a reduction in the latency of
luminance processing in the worst case, the prediction mode
is limited in a case that the block size for processing is
exceeded. Specifically, in a case that the prescribed block



US 2020/0260096 Al

size is exceeded, only the inter prediction is permitted and
the intra prediction is prohibited.

[0327] FIG. 34 is a schematic diagram illustrating opera-
tion of the configuration of the image decoding apparatus 31
according to the present embodiment. FIG. 37(b) is a syntax
table illustrating a configuration of coded data targeted by
the image decoding apparatus 31 according to the present
embodiment.

[0328] The image decoding apparatus splitting an image
into rectangular coding tree units (CTUs) for processing
includes the CU decoding unit 20 splitting each of the CTUs
to a coding tree CTs, decoding the split flag indicating
whether to further split each of the CTs or not, and perform-
ing recursive block splitting, the intra predictor using a
decoded image of one color component to generate a pre-
diction image of another color component (intra prediction
image generation unit 310 and intra prediction parameter
decoding unit 304), and the CU decoding unit 20 decoding
the prediction mode indicating the intra mode or the inter
mode.

[0329] Operation of the CU decoding unit 20 is as follows.
[0330] (S1612A)In aease of an intra slice (slice_type==1)
(YES at S1610A), the prediction mode pred_mode_{flag is
not decoded from the coded data, with the intra mode
(MODE_INTRA) configured for the prediction mode pred_
mode_flag.

[0331] (S1612B) Otherwise (NO at S1610A), with the
block size being larger than a prescribed size (maximum
intra size) (YES at S1610B), the prediction mode pred_
mode_{flag is not decoded from the coded data, with the inter
mode (MODE_INTER being configured for the prediction
mode pred_mode_flag.

[0332] Here, whether the sum of the width and the height
of the block size exceeds the maximum size maxIntraBlock-
Size*2 or not can be used for the determination of whether
the block size is equal to a prescribed size or not.

[0333] (S1611) Otherwise (NO at S1610B), the flag pred_
mode_flag indicating the intra mode or the inter mode is
decoded from the coded data. (This corresponds to
SYN1611 in FIG. 37(5))

[0334] According to the above-described configuration,
the luminance block size is inevitably equal to or smaller
than the maximum intra block size. Thus, even in the worst
case, the chrominance processing can be started after wait-
ing during processing of an intra block with the maximum
intra block size. Accordingly, the above-described configu-
ration has an effect that reduces the amount of delay in the
chrominance processing.

[0335] Note that the image coding apparatus and the
image decoding apparatus are the same in the flow of
processing except for differences between the coding pro-
cessing and the decoding processing. In a case that the block
size is larger than a prescribed size (maximum intra size), the
CU coder of the image coding apparatus configures the inter
mode (MODE_INTER)) for the prediction mode pred_
mode_{flag without coding the prediction mode pred_mode_
flag.

[0336] FIG. 35 is a diagram illustrating operation of
another configuration of the image decoding apparatus 31
according to an embodiment of the invention. This configu-
ration uses S1611B2 instead of S1611B. FIG. 37(a) is a
syntax table illustrating a configuration of coded data tar-
geted by the image decoding apparatus 31 according to the
present embodiment.
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[0337] (S1612B) In a case other than an intra slice (NO at
S1610A), and in a case of the tree mode being other than the
separate coding tree, and the block size being larger than a
prescribed size (maximum intra size) (YES at S1610B2), the
prediction mode pred_mode_flag is not decoded from the
coded data, with the inter mode (MODE_INTER)) being
configured for the prediction mode pred_mode_flag.
[0338] According to the above-described configuration, in
a case of a tree mode being other than the separate coding
tree (that is, the shared coding tree), the luminance block
size is inevitably equal to or smaller than the maximum intra
block size. Thus, even in the worst case, the chrominance
processing can be started after waiting during processing of
an intra block with the maximum intra block size. Accord-
ingly, the above-described configuration has an effect that
reduces the amount of delay in the chrominance processing.
[0339] Note that the image coding apparatus and the
image decoding apparatus are the same in the flow of
processing except for differences between the coding pro-
cessing and the decoding processing. In a case other than an
intra slice, and in a case of the tree mode being other than
the separate coding tree, and the block size being equal to or
larger than the prescribed size (maximum intra size), the CU
coder of the image coding apparatus does not code the
prediction mode pred_mode_flag but configures the inter
mode (MODE_INTER) for the prediction mode pred_mo-
de_flag.

[0340] FIG. 36 is a diagram illustrating operation of
another configuration of the image decoding apparatus 31
according to an embodiment of the present invention. This
configuration uses S1610B3 instead of S1610B.

[0341] (S1612B) In a case other than the intra slices (NO
at S1610A), and in a case of the tree mode being other than
the separate coding tree, the number of color components
being two or more, and the block size being larger than the
prescribed size (maximum intra size) (YES at S1610B3), the
prediction mode pred_mode_flag is not decoded from the
coded data, with the inter mode (MODE_INTER) being
configured for the prediction mode pred_mode_flag.
[0342] The number of color components being two or
more means exclusion of a case where the number of color
components is one. The case where the number of color
components is one refers to, for example, a case where an
independent color component is used for coding ChromaAr-
rayType=0 or a case of the single coding tree. In this case,
no prediction with color components (e.g., between lumi-
nance and chrominance) performed, and thus the prediction
mode need not be limited depending on the maximum intra
block size.

[0343] According to the above-described configuration, in
a case of a tree mode being other than the separate coding
tree (i.e., the shared coding tree) and the prediction between
color components being performed, the luminance block
size is inevitably equal to or smaller than the maximum intra
block size. Thus, even in the worst case, the chrominance
processing can be started after waiting during processing of
an intra block with the maximum intra block size. Accord-
ingly, the above-described configuration has an effect that
reduces the amount of delay in the chrominance processing.
[0344] Note that the image coding apparatus and the
image decoding apparatus are the same in the flow of
processing except for differences between the coding pro-
cessing and the decoding processing. In a case other than an
intra slice, and in a case of the tree mode being other than
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the separate coding tree, the number of color components
being two or more, and the block size being equal to or
larger than the prescribed size (maximum intra size), the
image coding apparatus does not codes the prediction mode
pred_mode_flag but configures the inter mode (MODE_
INTER) for the prediction mode pred_mode_flag.
Selection of Maximum Block Size in Accordance with CCM
Prediction

[0345] As illustrated in FIG. 38, the maximum size of the
block size may be configured depending on CCLM appli-
cability (cclm_enabled_flag=1).

[0346] (S1612B) In a case other than an intra slice (NO at
S1610A) and in a case of the block size being larger than the
prescribed size maxCUSize (YES at S1610B), the prediction
mode pred_mode_flag is not decoded from the coded data,
with the inter mode (MODE_INTER) being configured for
the prediction mode pred_mode_{flag.

[0347] In this configuration, as described in S1401CC,
S1402CC, and S1403CC, the maximum block size maxCU-
Size is set equal to the maximum intra block size in a case
that CCLM is applicable (cclm_enabled flag=1), and is
otherwise set equal to the maximum transform size.
[0348] The maximum block size maxCUSize may be set
equal to the minimum value of the maximum intra block size
and the maximum transform size in the case that CCLM is
applicable (cclm_enabled_flag=1), and may otherwise be set
equal to the maximum transform size.

[0349] In this configuration, depending on CCLM appli-
cability (cclm_enabled_flag=1), the luminance block size is
limited to the maximum intra block size maxIntraBlockSize
or less. Thus, even in a case that the chrominance needs to
wait during luminance processing by using the luminance
and chrominance predictions, the luminance block size is
equal to or smaller than the maximum intra block size. Thus,
even in the worst case, the chrominance processing can be
started after waiting during processing of an intra block with
the maximum intra block size. Accordingly, the above-
described configuration has an effect that reduces the
amount of delay in the chrominance processing.

[0350] Note that the image coding apparatus and the
image decoding apparatus are the same in the flow of
processing except for differences between the coding pro-
cessing and the decoding processing and that the maximum
block size maxCUSize is set equal to the maximum intra
block size in the case that CCLM is applicable (cclm_
enabled_flag=1), and is otherwise set equal to the maximum
transform size.

Block Size Limitation and Prediction Mode Limitation

[0351] As already mentioned above, it is appropriate to
combine one of the above-described block size limitations
and one of the above-described prediction mode limitations.
For example, the image decoding apparatus that splits an
image into rectangular coding tree units (CTUs) for pro-
cessing includes the CT information decoding unit 10 con-
figure to split each of the CTUs into coding trees CTs and to
process one CTU as the single coding tree using one coding
tree CT (root coding tree node) or process one CTU as the
separate coding tree using two or more coding trees CT (root
coding tree nodes), the CU decoding unit 20 configured to
decode the split flag indicating whether to further split each
of the CTs or not and recursively perform block splitting,
and the intra predictor configured to use the intra prediction
mode for one color component to predict the intra prediction
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mode for another color component, and further includes the
intra predictor configured to use a decoded image of one
color component to generate a prediction image of another
color component, the prediction mode decoding unit (CU
decoding unit 20) does not decode the coded data. but
configures the intra mode for the prediction mode in a case
of an intra slice, and does not decode the coded data but
configures the inter mode for the prediction mode in a case
other than an intra slice and in a case of the target CT size
being larger than the prescribed maximum intra size, and the
CU decoding unit 20 does not decode the split flag from the
coded data but configures 1 (a value indicating a split) in the
split flag in a case of an intra slice, the separate coding tree,
and the target CT size being larger than the prescribed
maximum intra size and otherwise decodes the split flag
from the coded data.

Intra Mode Limitation for Separate Coding Tree Coding

[0352] As illustrated in FIG. 26(4), a configuration can be
provided in which whether to use the separate coding tree or
the shared coding tree is selected with ctb_tree_mode coded/
decoded in CTU units. Using the inter mode in a case that
the separate coding tree is used requires motion vectors for
luminance and chrominance to be different, and this
increases processing loads. Thus, only the intra mode is
used.

[0353] FIG. 39 is a diagram illustrating operation of a
configuration of the image decoding apparatus 31 according
to the present embodiment. FIG. 41(a) is a syntax table
illustrating a configuration of coded data targeted by the
image decoding apparatus 31 according to the present
embodiment.

[0354] The image decoding apparatus that splits an image
into rectangular coding tree units (CTUs) for processing
includes the CT information decoding unit 10 configured to
split each of the CTUs into coding trees CTs and to process
one CTU using one coding tree CT (root coding tree node)
as a single coding tree or process one CTU as the separate
coding tree using two or more coding trees CT (root coding
tree nodes) depending on the coding tree mode, the CU
decoding unit 20 configured to decode the split flag indi-
cating whether to further split each of the CTs or not and
recursively perform block splitting, the intra predictor con-
figured to use a decoded image of one color component to
generate a prediction image of another color component, and
the PU information decoding unit 12 configured to decode
the prediction mode indicating the intra mode or the inter
mode. Furthermore, the PU information decoding unit 12
performs the following processing.

[0355] (S1301) The CT information decoding unit 10
decodes, from the coded data, information from coded data
indicating whether to perform processing using a single
coding tree or a separate coding tree.

[0356] S1612A) in a case of an intra slice (slice_type==1)
(YES at S1610A), the prediction mode pred_mode_flag is
not decoded from the coded data, with the intra mode
(MODE_INTRA) being configured for the prediction mode
pred_mode_{flag.

[0357] (S1610C) In a case other than the above-described
case (NO at S1610A) and the separate coding tree (YES at
S1610C), the prediction mode pred_mode flag is not
decoded from the coded data, with the intra mode (MODE_
INTRA) being configured for the prediction mode pred_
mode_flag.
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[0358] (S1611) Otherwise (NO at S1610C), the flag pred_
mode_flag indicating the intra mode or the inter mode is
decoded from the coded data. (This corresponds to
SYN1611)

[0359] Note that a skip mode is also a type of inter mode
and thus that, in a case that limitation to the intra mode is
imposed, the skip mode needs to be prohibited. Accordingly,
in a case of an intra slice (slice_type==1) or the separate
coding tree, a value (0) indicating that the prediction mode
is not the skip mode is preferably configured instead of
decoding a flag cu_skip_flag indicating whether the predic-
tion mode is skip mode or not. In contrast, in a case other
than an intra slice (slice_type!=1) and in a case of the tree
mode being other than the separate coding tree, cu_skip_flag
is decoded. (This corresponds to SYN1500A, SYN1510C,
and SYN1511)

[0360] According to the above-described configuration, in
a case of the separate coding tree, the prediction mode is
inevitably the intra mode. Hence, the above-described con-
figuration produces an effect that avoids a processing load
causing the motion vector to vary between luminance and
chrominance.

[0361] Note that the image coding apparatus and the
image decoding apparatus are the same in the flow of
processing except for differences between the coding pro-
cessing and the decoding processing and that, in a case of the
separate coding tree, the prediction mode pred_mode_flag is
not decoded from the coded data, with the intra mode
configured for the prediction mode pred_mode_{flag.
[0362] FIG. 40 is a diagram illustrating operation of
another configuration of the image decoding apparatus 31
according to an embodiment of the invention. FIG. 41(5) is
a syntax table illustrating a configuration of coded data
targeted by the image decoding apparatus 31 according to
the present embodiment.

[0363] This configuration uses S1610C2 instead of
S1610C.
[0364] (S1612C2) In a case other than an intra slice (NO

at S1610A), and in a case of the number of color components
being two or more, and the separate coding tree (YES at
S1610C2), the prediction mode pred_mode flag is not
decoded from the coded data, with the intra mode (MODE_
INTRA) configured for the prediction mode pred_mode_
flag.

[0365] In the syntax table, decoding of the skip mode is
indicated at SYN1510A, SYN1510C2, and SYN1511.
[0366] The above-described configuration produces an
effect that avoids a processing load such as motion vectors
of luminance and chrominance being different even in a case
that the number of color components is two or more.

Split Flag Limitation and Prediction Mode Limitation

[0367] A forced block split method in the separate coding
and an intra mode limitation method in the separate coding
tree have been described. However, these methods may be
combined as follows.

[0368] The CU decoding unit 20 does not decode the split
flag from the coded data but configures the split flag to 1 (a
value indicating the split) in a case of an intra slice, the
separate coding tree, and the target CT size being larger than
a prescribed maximum intra size, and further the CU decod-
ing unit 20 does not decode the prediction mode pred_
mode_{flag from the coded data but configures the inter mode
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(MODE_INTER) for the prediction mode pred_mode_flag
in a case other than an intra slice and in a case of the separate
coding tree.

[0369] Inboth a case of an intra slice and a case other than
an intra slice, the intra block size in the separate coding tree
is limited, and this produces an effect that reduces the time
for which the chrominance processing waits during the
luminance processing.

Another Example of Split Flag Limitation and Prediction
Mode Limitation

[0370] Furthermore, in a case other than an intra slice and
in a case of the separate coding tree, the CU decoding unit
20 does not decode the prediction mode pred_mode_flag
from the coded data but configures the intra mode (MODE_
INTRA) for the prediction mode pred_mode_flag. Further-
more, in a case that the block size is equal to the prescribed
size (equal to or larger than the maximum intra size), the CU
decoding unit 20 does not decode the prediction mode
pred_mode_{flag from the coded data but configures the inter
mode (MODE_INTER) for the prediction mode pred_mo-
de_flag.

[0371] Inboth a case of an intra slice and a case other than
an intra slice, the intra block size in the separate coding tree
is limited, and this produces an effect that reduces the time
for which the chrominance processing waits during the
luminance processing.

Palette Prediction

[0372] FIG. 42 according to the present embodiment is a
block diagram illustrating a configuration of a palette pre-
dictor 31045 according to the present embodiment and a
diagram illustrating operation of palette prediction. As illus-
trated in FIG. 42(a), the palette predictor 31045 includes a
palette configuration unit 10451, a palette memory 10452,
and a palette copy unit 10453. in palette coding, a table
(palette) for colors of pixels in a coding target block is
prepared, and a pixel or each pixel in a block is represented
in table number (index). Indexes in the block and the table
are coded. Furthermore, an index (Escape Mode) indicating
each color outside the palette is also prepared in the palette,
and signal values for pixel components belonging to the
index are quantized and coded. Before starting the process-
ing of the target block, in the image coding apparatus, the
palette configuration unit 10451 configures the table (pal-
ette) of palette elements in a palette memory, and in the
image decoding apparatus, decodes information regarding
the palette elements from the coded data and configures the
palette in the palette memory. Here, the palette element is a
set of values (Yi, Cbi, Cri) including multiple color com-
ponents (e.g., YCbCr and RGB). Here, i is a palette number.
The palette copy unit 10453 copies table values (pixels) in
the palette memory 10452 or the neighboring pixel on the
left of the target pixel or the neighboring pixel above the
target pixel are copied to generate a pixel row. The pixel
column forms coded pixels or decoded pixels,

[0373] A right arrow and a down arrow in FIG. 42(b)
represent copy processing of the palette copy unit. The
palette copy unit 10453 codes or decodes pixels by copying
an indicated number (number of times) of elements or
neighboring pixels (reference pixels) in the palette. The right
arrow represents copying of the left neighboring pixels in
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the direction of scan order, and the down arrow represents
copying of the upper neighboring pixel in the direction of
scan order.

[0374] FIG. 43 is an example of a syntax table of palette
information to be decoded by the palette predictor 31045 of
the present embodiment. copy_above_palette_indices_flag
is a flag indicating whether copying is performed from
above or not, and palette_run_prefix and palette_run_suffix
are parameters indicating run lengths over which copying is
to be performed. palette_escape_val is a pixel value for a
certain quantized color component to be coded in the Escape
Mode.

[0375] The palette predictor 31045 in the image coding
apparatus is also identical to the palette predictor described
above, hut a syntax for the palette information is coded
instead of being decoded from the coded data.

Shared Coding Tree Limitation in Palette Mode

[0376] In particular, for screen contents, a palette mode is
used that simultaneously indicates multiple color compo-
nents to apply a certain color to a wide range. Hereinafter,
a configuration will be described that is related to the palette
mode in the image decoding apparatus to which the separate
coding tree and the shared coding tree can be applied.

[0377] FIG. 44 is a diagram illustrating operation of a
configuration of the image decoding apparatus 31 according
to an embodiment of the present invention. FIG. 45 is a
syntax table illustrating a configuration of coded data tar-
geted by the image decoding apparatus 31 according to the
present embodiment.

[0378] The image decoding apparatus that splits an image
into rectangular coding tree units (CTUs) for processing
includes the CT information decoding unit configured to
split each of the CTUs into coding trees CTs and to process
one CTU as the single coding tree using one coding tree CT
(root coding tree node) or process one CTU as the separate
coding tree using two or more coding trees CT (root coding
tree nodes) depending on the coding tree mode, the CU
decoding unit 20 configured to decode the split flag indi-
cating whether to further split each of the CTs or not and
recursively perform block splitting, and the CU decoding
unit 20 configured to decode the prediction mode indicating
the intra mode or the inter mode.

[0379] (S1620) The CU decoding unit 20 transitions to
S1621 in a case of the intra mode (CuPredMode[x0][y0]
=MODE_INTRA) and the tree mode being other than the
separate coding tree (ctu_tree_mode!=CTU_SEPARATE),
and otherwise transitions to S1622. As illustrated in
SYN1620, the determination may be performed under addi-
tional conditions such as a palette mode availability flag
palette_mode_enabled_flag=1 or the block size being equal
to or smaller  than the  prescribed size
(log2CbSize<=MaxTbLog2SizeY).

[0380] (S1621) The decoding unit 20 decodes the palette
mode flag palette_mode_flag from the coded data,
(SYN1621)

[0381] (S1622) In a case of not decoding the palette mode
flag from the coding mode, the CU decoding unit 20
configures 0 (mode other than the palette mode) in the
palette mode flag.

[0382] (S1623) In a case that palette_mode_flag is 1, then
the processing transitions to S1624. (SYN1623)
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[0383] (S1624) In a case that palette_mode_flag is 1, the
palette information palettee_mode( )regarding the target
block is decoded. (SYN1624)

[0384] According to the above-described configuration, in
the separate coding tree, the palette mode flag is not
decoded, and the palette mode is turned off. Thus, the
above-described configuration produces an effect that avoids
inefficient processing that has a large amount of processing
such as filling color independently for luminance and for
chrominance. The overhead of code amount of the palette
mode flag can be avoided.

[0385] Note that the image coding apparatus and the
image decoding apparatus are the same in the flow of
processing except for differences between the coding pro-
cessing and the decoding processing. In the separate coding
tree, the CU coder 1120 of the image coding apparatus does
not code the palette mode flag palette_mode_flag and turns
off the palette mode.

Cross Component Residual Prediction

[0386] In particular, for screen contents, a cross compo-
nent residual prediction is used for coding residual infor-
mation regarding one color component as residual informa-
tion regarding another color component. FIG. 46 is a block
diagram illustrating a configuration of a cross component
residual prediction. FIG. 47 is an example of a syntax table
for the cross component residual prediction. The TU decod-
ing unit 22 decodes log2_res_scale_abs_plusl, indicating
the absolute value of linear prediction, and a code res_scale_
sign_flag to derive a residual prediction parameter ResSca-
leVal.

if (log2_res scale_abs_plusl == 0)

ResScaleVal = 0

else

ResScaleVal = (1<<log2_ res_scale_abs plusl — 1) * (1 -2 *
res_scale_sign_ flag)

[0387] Furthermore, a residual predictor 17931 of the
cross component residual predictor 1793 illustrated in FIG.
46 uses the product of the derived residual prediction
parameter ResScaleVal and a luminance residual difference
rY[x][y] to derive the residual difference prediction value
ResPred. Furthermore, an addition unit 17932 adds the
residual difference prediction value ResPred to chrominance
residual r[x][y]. Note that, as represented by the expression
below, a shift such as a chrominance bit depth BitDepthC or
a luminance hit depth BitDepthY may be applied before or
after the product.

ResPred = (ResScaleVal * ((r'Y
[x][y]<<BitDepthC)>>BitDepthY)>>3r[x][y] += ResPred

[0388] The application of the residual prediction ResPred
may be processed as follows.

r[x][v]=r[x][v]-ResPred

[0389] Note that, also in the image coding apparatus, the
residual difference prediction ResPred is derived as
described above and that the difference between the chromi-
nance residual r[x][y] and the residual prediction value
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ResPred is derived as the chrominance residual r[x][y] by
using the following expression, and the chrominance
residual r[x][y] is coded.

#[x][y]-=ResPred

[0390] The application of a residual prediction ResPred
may be the following processing.

r[x][v]=r[x][v]-ResPred

Shared Coding Tree Limitation for Cross Component
Residual Prediction

[0391] By using FIG. 48, a configuration will be described
that is related to a cross component residual prediction in the
image decoding apparatus to which the separate coding tree
and the shared coding tree can be applied.

[0392] (S1790) in a case of the intra mode, the TU
decoding unit 22 transitions to S1791 in a case of a tree
mode being other than the separate coding tree and other-
wise transitions to S1792.

[0393] (S1791) In a case of the tree mode being other than
the separate coding tree (NO at S1790), the TU decoding
unit 22 decodes cross component residual prediction infor-
mation cross_comp_pred( ) from the coded data.

[0394] (S1792) In a case of the separate coding tree (YES
in S1790), the TU decoding unit 22 does not decode the
syntax log2_res_scale_abs_plusl, indicating the absolute
value of the linear prediction, from the coded data, but
configure the syntax log2_res_scale_abs_plusl to 0 (cross
component residual prediction oft).

[0395] (S1793) The cross component residual predictor
1793 uses the cross component residual prediction informa-
tion to predict chrominance residuals from luminance
residuals.

[0396] According to the configuration described above, in
the separate coding tree, the cross component residual
prediction information is not decoded, with the cross com-
ponent residual prediction processing being turned off.
Accordingly, in the separate coding tree, which is a tree that
is independent of luminance and chrominance, the above-
described configuration produces an effect that avoids the
cross component residual prediction processing, which is
inefficient and has a large amount of processing. Further-
more, the overhead of code amount of the cross component
residual prediction information can be avoided.

[0397] Note that the image coding apparatus and the
image decoding apparatus are the same in the flow of
processing except for differences between the coding pro-
cessing and the decoding processing. In the separate coding
tree, the TU coder of the image coding apparatus does not
code the cross component residual prediction information
cross_comp_pred( ) but turns off the cross component
residual prediction processing.

[0398] Note that as illustrated in FIG. 49, in the case of a
separate coding tree, an intra mode is employed, and hence
the flag cu_skip_flag indicating whether or not it is the skip
mode is not decoded, and a value (0) indicating it is not the
skip mode may be configured (SYN1511). Furthermore, in
the case of a separate coding tree, an intra mode is
employed, and hence the flag pred_mode_flag indicating
either intra mode or inter mode is not decoded, and the intra
mode (MODe_INTRA) may be configured (SYN1611).
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Configuration of Image Coding Apparatus

[0399] A configuration of the image coding apparatus 11
will now be described. A configuration of an image coding
apparatus 11 will be described below as an example with
reference to FIG. 2. FIG. 2 is a block diagram illustrating a
configuration of the image coding apparatus 11 according to
the present embodiment. The image coding apparatus 11
includes a prediction image generation unit 101, a subtrac-
tion unit 102, a transform processing and quantization unit
103, an entropy coder 104, an inverse quantization and
inverse transform processing unit 105, an addition unit 106,
a loop filter 107, a prediction parameter memory (a predic-
tion parameter storage unit and a frame memory) 108, a
reference picture memory (a reference image storage unit
and a frame memory) 109, a coding parameter determination
unit 110, and a prediction parameter coder 111 (a CU coder
1130, a prediction mode coder, and a CU coder 1120). The
prediction parameter coder 111 includes an inter prediction
parameter coder 112 and an intra prediction parameter coder
113. Note that the image coding apparatus 11 need not
include the loop filter 107.

[0400] For each picture of an image T, the prediction
image generation unit 101 generates a prediction image P of
a prediction unit PU for each coding unit CU that is a region
obtained by splitting the picture. Here, the prediction image
generation unit 101 reads a block that has been decoded
from the reference picture memory 109, based on a predic-
tion parameter input from the prediction parameter coder
111. For example, in a case of an inter prediction, the
prediction parameter input from the prediction parameter
coder 111 is a motion vector. The prediction image genera-
tion unit 101 reads a block located at a position on a
reference picture indicated by a motion vector starting from
a target PU. In a case of an intra prediction, the prediction
parameter is, for example, an intra prediction mode. The
prediction image generation unit 101 reads a pixel value of
an adjacent PU used in an intra prediction mode from the
reference picture memory 109, and generates the prediction
image P of a PU. The prediction image generation unit 101
generates the prediction image P of a PU by using one
prediction scheme among multiple prediction schemes for
the read reference picture block. The prediction image
generation unit 101 outputs the generated prediction image
P of a PU to the subtraction unit 102.

[0401] Note that the prediction image generation unit 101
is an operation same as the prediction image generation unit
308 already described.

[0402] The prediction image generation unit 101 generates
the prediction image P of a PU, based on a pixel value of a
reference block read from the reference picture memory, by
using a parameter input by the prediction parameter coder.
The prediction image generated by the prediction image
generation unit 101 is output to the subtraction unit 102 and
the addition unit 106.

[0403] The intra prediction image generation unit (not
illustrated) included in the prediction image generation unit
101 performs the same operation as that of the intra predic-
tion image generation unit 310 already described.

[0404] The subtraction unit 102 subtracts a signal value of
aprediction image P of a PU input from the prediction image
generation unit 101, from a pixel value of a corresponding
PU position in an image T, and generates a residual signal.
The subtraction unit 102 outputs the generated residual
signal to the transform processing and quantization unit 103.
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[0405] The transform processing and quantization unit
103 performs a frequency transform on a prediction residual
signal input from the subtraction unit 102, and calculates a
transform coefficient. The transform processing and quanti-
zation unit 103 quantizes the calculated transform coeflicient
to calculate a quantization transform coefficient. The trans-
form processing and quantization unit 103 outputs the
calculated quantization transform coefficient to the entropy
coder 104 and the inverse quantization and inverse trans-
form processing unit 105. The transform processing and
quantization unit 103 may include a cross component
residual predictor 1793 for further predicting residuals, and
performing addition or subtraction on the residuals for
coding.

[0406] To the entropy coder 104, quantization coefficients
from the transform processing and quantization unit 103 are
input, and prediction parameters from the prediction param-
eter coder 111 are input. For example, input prediction
parameters include codes such as a reference picture index
ref_Idx_IX, a prediction vector index mvp_IX_idx, a differ-
ence vector mvdLX, a prediction mode pred_mode_flag, and
a merge index merge_idx.

[0407] The entropy coder 104 performs entropy coding on
input split information, prediction parameters, quantization
coeflicients, and the like to generate a coding stream Te, and
outputs the generated coding stream Te to the outside.
[0408] The inverse quantization and inverse transform
processing unit 105 is the same as the inverse quantization
and inverse transform processing unit 311 (FIG. 3) in the
image decoding apparatus 31, and inversely quantizes a
quantization transform coefficient input from the transform
processing and quantization unit 103 to determine a trans-
form coefficient. The inverse quantization and inverse trans-
form processing unit 105 performs an inverse transform on
the calculated transform coefficient to calculate a residual
signal. The inverse quantization and inverse transform pro-
cessing unit 105 outputs the calculated residual signal to the
addition unit 106.

[0409] The addition unit 106 adds, for each pixel, the
signal value for the prediction image P of the PU input from
the prediction image generation unit 101 and the signal
value for the residual signal input from the inverse quanti-
zation and inverse transform processing unit 105, and gen-
erates a decoded image. The addition unit 106 stores the
generated decoded image in the reference picture memory
109.

[0410] The loop filter 107 applies a deblocking filter 114,
a sample adaptive offset (SAO) 115, and an adaptive loop
filter (ALF) 116 to the decoded image generated by the
addition unit 106. Note that the loop filter 107 need not
necessarily include the above-described three types of fil-
ters, and may exclusively include only the deblocking filter
114, for example.

[0411] The prediction parameter memory 108 stores the
prediction parameters generated by the coding parameter
determination unit 110 for each picture and CU of the coding
target in a prescribed position.

[0412] The reference picture memory 109 stores as
decoded image generated by the loop filter 107 for each
picture and CU of the coding target in a prescribed position.
[0413] The coding parameter determination unit 110
selects one set among multiple sets of coding parameters.
The coding parameter is the above-described QT or BT split
parameter or prediction parameter or a parameter generated
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in association with the split or prediction parameter and
intended for coding. The prediction image generation unit
101 generates the prediction image P of the PUs by using
each of the sets of these coding parameters.

[0414] The coding parameter determination unit 110 cal-
culates an RD cost value indicating the magnitude of an
information quantity and a coding error for each of the
multiple sets. For example, the RD cost value is the sum of
a code amount and a value resulting from multiplication of
a square error by a coefficient A. The code amount is an
information quantity of the coding stream Te obtained by
performing entropy coding on quantization residuals and a
coding parameter. The square error is the sum of square
values of residual values of residual signals of pixels cal-
culated in the subtraction unit 102. The coefficient A is a real
number that is larger than a pre-configured zero. The coding
parameter determination unit 110 selects a set of coding
parameters by which the calculated RD cost value is mini-
mized. With this configuration, the entropy coder 104 out-
puts the selected set of coding parameters as the coding
stream Te to the outside, and does not output sets of coding
parameters that are not selected. The coding parameter
determination unit 110 stores the determined coding param-
eters in the prediction parameter memory 108.

[0415] The prediction parameter coder 111 derives a for-
mat for coding from parameters input from the coding
parameter determination unit 110, and outputs the format to
the entropy coder 104. A derivation of a format for coding
is, for example, to derive a difference vector from a motion
vector and a prediction vector. The prediction parameter
coder 111 derives parameters necessary to generate a pre-
diction image from parameters input from the coding param-
eter determination unit 110, and outputs the parameters to
the prediction image generation unit 101. For example,
parameters necessary to generate a prediction image are a
motion vector of a subblock unit.

[0416] The inter prediction parameter coder 112 derives
inter prediction parameters such as a difference vector, based
on prediction parameters input from the coding parameter
determination unit 110. The inter prediction parameter coder
112 includes a partly identical configuration to a configu-
ration by which the inter prediction parameter decoding unit
303 derives inter prediction parameters, as a configuration to
derive parameters necessary for generation of a prediction
image to be output to the prediction image generation unit
101.

[0417] The intra prediction parameter coder 113 includes
a partly identical configuration to a configuration by which
the intra prediction parameter decoding unit 304 derives
intra prediction parameters, as a configuration to derive
prediction parameters necessary for generation of a predic-
tion image to be output to the prediction image generation
unit 101.

[0418] The intra prediction parameter coder 113 derives a
format for coding (for example, MPM_idx, rem_intra_
luma_pred_mode, and the like) from the intra prediction
mode IntraPredMode input from the coding parameter deter-
mination unit 110.

[0419] As already described in the image decoding appa-
ratus 31 about the operation of an image coding apparatus,
the image coding apparatus 11 includes the CU coder 1130
configured to split a CTU into coding trees CTs and to
process one or more color components as the single coding
tree using one coding tree CT (root coding tree node) or
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process two or more color components as the separate
coding tree using two or more coding trees CT (root coding
tree nodes) depending on the tree mode, the CU coder 1120
configured to code the split flag indicating whether to further
split each of the CTs or not and recursively perform block
splitting, and the intra predictor configured to use a local
decoded image of one color component to generate a pre-
diction image of another color component, and includes the
prediction mode coder configured to code the prediction
mode indicating the intra mode or the inter mode, the CU
coder 1120 may configure 1 (a value indicating a split) in the
split flag instead of coding the split flag in a case of an intra
slice and the target CT size being larger than the prescribed
maximum intra size.

Implementation Examples by Software

[0420] Note that, part of the image coding apparatus 11
and the image decoding apparatus 31 in the above-men-
tioned embodiments, for example, the entropy decoding unit
301, the prediction parameter decoding unit 302, the loop
filter 305, the prediction image generation unit 308, the
inverse quantization and inverse transform processing unit
311, the addition unit 312, the prediction image generation
unit 101, the subtraction unit 102, the transform processing
and quantization unit 103, the entropy coder 104, the inverse
quantization and inverse transform processing unit 105, the
loop filter 107, the coding parameter determination unit 110,
and the prediction parameter coder 111, may be realized by
a computer. In that case, this configuration may be realized
by recording a program for realizing such control functions
on a computer-readable recording medium and causing a
computer system to read the program recorded on the
recording medium for execution. Note that it is assumed that
the “computer system” mentioned here refers to a computer
system built into either the image coding apparatus 11 or the
image decoding apparatus 31, and the computer system
includes an OS and hardware components such as a periph-
eral apparatus. Furthermore, the “computer-readable record-
ing medium” refers to a portable medium such as a flexible
disk, a magneto-optical disk, a ROM, a CD-ROM, and the
like, and a storage apparatus such as a hard disk built into the
computer system. Moreover, the “computer-readable record-
ing medium” may include a medium that dynamically
retains a program for a short period of time, such as a
communication line that is used to transmit the program over
a network such as the Internet or over a communication line
such as a telephone line, and may also include a medium that
retains a program for a fixed period of time, such as a
volatile memory within the computer system for functioning
as a server or a client in such a case. Furthermore, the
program may be configured to realize some of the functions
described above, and also may be configured to be capable
of realizing the functions described above in combination
with a program already recorded in the computer system.

[0421] Part or all of the image coding apparatus 11 and the
image decoding apparatus 31 in the embodiments described
above may be realized as an integrated circuit such as a
Large Scale Integration (LSI). Each function block of the
image coding apparatus 11 and the image decoding appa-
ratus 31 may be individually realized as processors, or part
or all may be integrated into processors. The circuit inte-
gration technique is not limited to LSI, and the integrated
circuits for the functional blocks may be realized as dedi-
cated circuits or a multi-purpose processor. In a case that
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with advances in semiconductor technology, a circuit inte-
gration technology with which an LSI is replaced appears,
an integrated circuit based on the technology may be used.
[0422] The embodiment of the present invention has been
described in detail above referring to the drawings, but the
specific configuration is not limited to the above embodi-
ments, and various amendments can be made to a design that
fall within the scope that does not depart from the gist of the
present invention.

APPLICATION EXAMPLES

[0423] The above-mentioned image coding apparatus 11
and the image decoding apparatus 31 can be utilized being
installed to various apparatuses performing transmission,
reception, recording, and regeneration of videos. Note that,
videos may be natural videos imaged by cameras or the like,
or may be artificial videos (including CG and GUI) gener-
ated by computers or the like.

[0424] First, as described below with reference to FIG. 19,
the above-mentioned image coding apparatus 11 and image
decoding apparatus 31 can be utilized for transmission and
reception of videos.

[0425] (a) of FIG. 19 is a block diagram illustrating a
configuration of a transmitting apparatus PROD_A installed
with the image coding apparatus 11. As illustrated in (a) of
FIG. 19, the transmitting apparatus PROD_A includes an
coder PROD_A1 which obtains coded data by coding vid-
eos, a modulation unit PROD_A2 which obtains modulating
signals by modulating carrier waves with the coded data
obtained by the coder PROD_A1, and a transmitter PROD_
A3 which transmits the modulating signals obtained by the
modulation unit PROD_A2. The above-mentioned image
coding apparatus 11 is utilized as the coder PROD_AL1.
[0426] The transmitting apparatus PROD_A may further
include a camera PROD_A4 imaging videos, a recording
medium PROD_AS5 recording videos, an input terminal
PROD_AG6 to input videos from the outside, and an image
processing unit PRED_A7 generating or processing images,
as sources of supply of the videos input into the coder
PROD_AT1. In (a) of FIG. 19, although the configuration that
the transmitting apparatus PROD_A includes these all is
exemplified, a part may be omitted.

[0427] Note that the recording medium PROD_AS may
record videos which are not coded, or may record videos
coded in a coding scheme for recording different from a
coding scheme for transmission. In the latter case, a decod-
ing unit (not illustrated) to decode coded data read from the
recording medium PROD_AS according to coding scheme
for recording may be interleaved between the recording
medium PROD_AS and the coder PROD_A1.

[0428] (b) of FIG. 19 is a block diagram illustrating a
configuration of a receiving apparatus PROD_B installed
with the image decoding apparatus 31. As illustrated in (b)
of FIG. 19, the receiving apparatus PROD_B includes a
receiver PROD_B1 which receives modulating signals, a
demodulation unit PROD_B2 which obtains coded data by
demodulating the modulating signals received by the
receiver PROD_B1, and a decoding unit PROD_B3 which
obtains videos by decoding the coded data obtained by the
demodulation unit PROD_B2. The above-mentioned image
decoding apparatus 31 is utilized as the decoding unit
PROD_B3.

[0429] The receiving apparatus PROD_B may further
include a display PROD_B4 displaying videos, a recording
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medium PROD_BS5 to record the videos, and an output
terminal PROD_B6 to output videos outside, as supply
destination of the videos output by the decoding unit
PROD_BS3. In (b) of FIG. 19, although the configuration in
which the receiving apparatus PROD_B includes these all is
exemplified, a part may be omitted.

[0430] Note that the recording medium PROD_BS may
record videos which are not coded, or may record videos
which are coded in a coding scheme for recording different
from a coding scheme for transmission. In the latter case, an
coder (not illustrated) to code videos acquired from the
decoding unit PROD_B3 according to a coding scheme for
recording may be interleaved between the decoding unit
PROD_B3 and the recording medium PROD_BS5.

[0431] Note that the transmission medium transmitting
modulating signals may be wireless or may be wired. The
transmission aspect to transmit modulating signals may be
broadcasting (here, referred to as the transmission aspect
where the transmission target is not specified beforehand) or
may be telecommunication (here, referred to as the trans-
mission aspect that the transmission target is specified
beforehand). Thus, the transmission of the modulating sig-
nals may be realized by any of radio broadcasting, cable
broadcasting, radio communication, and cable communica-
tion.

[0432] For example, broadcasting stations (broadcasting
equipment, and the like)/receiving stations (television
receivers, and the like) of digital terrestrial television broad-
casting is an example of transmitting apparatus PROD_A/
receiving apparatus PROD_B transmitting and/or receiving
modulating signals in radio broadcasting. Broadcasting sta-
tions (broadcasting equipment, and the like)/receiving sta-
tions (television receivers, and the like) of cable television
broadcasting are an example of transmitting apparatus
PROD_A/receiving apparatus PROD_B transmitting and/or
receiving modulating signals in cable broadcasting.

[0433] Servers (work stations, and the like)/clients (tele-
vision receivers, personal computers, smartphones, and the
like) for Video On Demand (VOD) services, video hosting
services using the Internet and the like are an example of
transmitting  apparatus PROD_A/receiving apparatus
PROD_B transmitting and/or receiving modulating signals
in telecommunication (usually, any of radio or cable is used
as transmission medium in the LAN, and cable is used for
as transmission medium in the WAN). Here, personal com-
puters include a desktop PC, a laptop type PC, and a
graphics tablet type PC. Smartphones also include a multi-
functional portable telephone terminal.

[0434] Note that a client of a video hosting service has a
function to code a video imaged with a camera and upload
the video to a server, in addition to a function to decode
coded data downloaded from a server and to display on a
display. Thus, a client of a video hosting service functions as
both the transmitting apparatus PROD_A and the receiving
apparatus PROD_B.

[0435] Next, as described below with reference to FIG. 20,
the above-mentioned image coding apparatus 11 and image
decoding apparatus 31 can be utilized for recording and
regeneration of videos.

[0436] (a) of FIG. 20 is a block diagram illustrating a
configuration of a recording apparatus PROD_C installed
with the above-mentioned image coding apparatus 11. As
illustrated in (a) of FIG. 20, the recording apparatus
PROD_C includes an coder PROD_C1 which obtains coded
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data by coding a video, and a writing unit PROD_C2 which
writes the coded data obtained by the coder PROD_C1 in a
recording medium PROD_M. The above-mentioned image
coding apparatus 11 is utilized as the coder PROD_C1.
[0437] Note that the recording medium PROD_M may be
(1) a type built in the recording apparatus PROD_C such as
Hard Disk Drive (HDD) or Solid State Drive (SSD), may be
(2) a type connected to the recording apparatus PROD_C
such as an SD memory card or a Universal Serial Bus (USB)
flash memory, and may be (3) a type loaded in a drive
apparatus (not illustrated) built in the recording apparatus
PROD_C such as Digital Versatile Disc (DVD) or Blu-ray
Disc (BD: trade name).

[0438] The recording apparatus PROD_C may further
include a camera PROD_C3 imaging a video, an input
terminal PROD_C4 to input the video from the outside, a
receiver PROD_CS5 to receive the video, and an image
processing unit PROD_C6 which generates or processes
images, as sources of supply of the video input into the coder
PROD_C1. In (a) of FIG. 20, although the configuration in
which the recording apparatus PROD_C includes these all is
exemplified, a part may be omitted.

[0439] Note that the receiver PROD_C5 may receive a
video which is not coded, or may receive coded data coded
in a coding scheme for transmission different from a coding
scheme for recording. In the latter case, a decoding unit (not
illustrated) for transmission to decode coded data coded in
a coding scheme for transmission may be interleaved
between the receiver PROD_CS5 and the coder PROD_C1.
[0440] Examples of such recording apparatus PROD_C
include a DVD recorder, a BD recorder, a Hard Disk Drive
(HDD) recorder, and the like (in this case, the input terminal
PROD_C4 or the receiver PROD_C5 is the main source of
supply of a video). A camcorder (in this case, the camera
PROD_C3 is the main source of supply of a video), a
personal computer (in this case, the receiver PROD_C5 or
the image processing unit C6 is the main source of supply of
a video), a smartphone (in this case, the camera PROD_C3
or the receiver PROD_CS is the main source of supply of a
video), or the like is an example of such recording apparatus
PROD_C.

[0441] (b) of FIG. 20 is a block diagram illustrating a
configuration of a regeneration apparatus PROD_D installed
with the above-mentioned image decoding apparatus 31. As
illustrated in (b) of FIG. 20, the regeneration apparatus
PROD_D includes a reading unit PROD_D1 which reads
coded data written in the recording medium PROD_M, and
a decoding unit PROD_D2 which obtains a video by decod-
ing the coded data read by the reading unit PROD_D1. The
above-mentioned image decoding apparatus 31 is utilized as
the decoding unit PROD_D2.

[0442] Note that the recording medium PROD_M may be
(1) a type built in the regeneration apparatus PROD_D such
as HDD or SSD, may be (2) a type connected to the
regeneration apparatus PROD_D such as an SD memory
card or a USB flash memory, and may be (3) a type loaded
in a drive apparatus (not illustrated) built in the regeneration
apparatus PROD_D such as DVD or BD.

[0443] The regeneration apparatus PROD_D may further
include a display PROD_D3 displaying a video, an output
terminal PROD_D4 to output the video to the outside, and
a transmitter PROD_DS5 which transmits the video, as the
supply destination of the video output by the decoding unit
PROD_D2. In (b) of FIG. 20, although the configuration in
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which the regeneration apparatus PROD_D includes these
all is exemplified, a part may be omitted.

[0444] Note that the transmitter PROD_D5 may transmit
a video which is not coded, or may transmit coded data
coded in a coding scheme for transmission different than a
coding scheme for recording. In the latter case, an coder (not
illustrated) to code a video in a coding scheme for trans-
mission may be interleaved between the decoding unit
PROD_D2 and the transmitter PROD_DS5.

[0445] Examples of such regeneration apparatus PROD_D
include a DVD player, a BD player, an HDD player, and the
like (in this case, the output terminal PROD_D4 to which a
television receiver, and the like is connected is the main
supply target of the video). A television receiver (in this
case, the display PROD_D3 is the main supply target of the
video), a digital signage (also referred to as an electronic
signboard or an electronic bulletin board, and the like, the
display PROD_D3 or the transmitter PROD_DS is the main
supply target of the video), a desktop PC (in this case, the
output terminal PROD_D4 or the transmitter PROD_DS is
the main supply target of the video), a laptop type or
graphics tablet type PC (in this case, the display PROD_D3
or the transmitter PROD_DS is the main supply target of the
video), a smartphone (in this case, the display PROD_D3 or
the transmitter PROD_DS5 is the main supply target. of the
video), or the like is an example of such regeneration
apparatus PROD_D.

Realization as Hardware and Realization as Software

[0446] Each block of the above-mentioned image decod-
ing apparatus 31 and image coding apparatus 11 may be
realized as a hardware by a logical circuit formed on an
integrated circuit (IC chip), or may be realized as a software
using a Central Processing Unit (CPU).

[0447] In the latter case, each apparatus includes a CPU
performing a command of a program to implement each
function, a Read Only Memory (ROM) having stored
thereon the program, a Random Access Memory (RAM)
developing the program, and a storage apparatus (recording
medium) such as a memory storing the program and various
data, and the like. The purpose of the embodiments of the
present invention can be achieved by supplying, to each of
the apparatuses, the recording medium recording readably
the program code (execution form program, intermediate
code program, source program) of the control program of
each of the apparatuses which is a software implementing
the above-mentioned functions with a computer, and reading
and performing the program code that the computer (or a
CPU or a MPU) records in the recording medium.

[0448] For example, as the recording medium, a tape such
as a magnetic tape or a cassette tape, a disc including a
magnetic disc such as a floppy (trade name) disk/a hard disk
and an optical disc such as a Compact Disc Read-Only
Memory (CD-ROM)/Magneto-Optical disc (MO disc)/Mini
Disc (MD)/Digital Versatile Disc (DVD)/CD Recordable
(CD-R) Blu-ray Disc (trade name), a card such as an IC card
(including a memory card)/an optical card, a semiconductor
memory such as a mask ROM/Erasable Programmable
Read-Only Memory (EPROM)/Electrically Erasable and
Programmable Read-Only Memory (EEPROM: trade
name)/a flash ROM, or a Logical circuits such as a Pro-
grammable logic device (PLD) or a Field Programmable
Gate Array (FPGA) can be used.
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[0449] Each of the apparatuses is configured connectably
with a communication network, and the program code may
be supplied through the communication network. This com-
munication network may be able to transmit a program code,
and is not specifically limited. For example, the Internet, the
intranet, the extranet, Local Area Network (LAN), Inte-
grated Services Digital Network (ISDN), Value-Added Net-
work (VAN), a Community. Antenna television/Cable Tele-
vision (CATV) communication network, Virtual Private
Network, telephone network, a mobile communication net-
work, satellite communication network, and the like are
available. A transmission medium constituting this commu-
nication network may also be a medium which can transmit
a program code, and is not limited to a particular configu-
ration or a type. For example, a cable communication such
as institute of Electrical and Electronic Engineers (IEEE)
1394, a USB, a power line carrier, a cable TV line, a phone
line, an Asymmetric Digital Subscriber Line (ADSL) line,
and a radio communication such as infrared ray such as
Infrared Data Association (IrDA) or a remote control, Blu-
eTooth (trade name), IEEE 802.11 radio communication,
High Data Rate (HDR), Near Field Communication (NFC),
Digital Living Network Alliance (DLNA: trade name), a
cellular telephone network, a satellite channel, and a terres-
trial digital broadcast network are available. Note that the
embodiments of the present invention can be also realized in
the form of computer data signals embedded in a carrier
wave where the program code is embodied by electronic
transmission.

[0450] The embodiments of the present invention are not
limited to the above-mentioned embodiments, and various
modifications are possible within the scope of the claims.
Thus, embodiments obtained by combining technical means
modified appropriately within the scope defined by claims
are included in the technical scope of the present invention.

INDUSTRIAL APPLICABILITY

[0451] The embodiments of the present invention can be
preferably applied to an image decoding apparatus to decode
coded data where graphics data is coded, and an image
coding apparatus to generate coded data where graphics data
is coded. The embodiments of the present invention can be
preferably applied to a data structure of coded data gener-
ated by the image coding apparatus and referred to by the
image decoding apparatus.

CROSS-REFERENCE OF RELATED
APPLICATION

[0452] This application claims the benefit of priority to JP
2017-196142 filed on Oct. 6, 2017, which is incorporated
herein by reference in its entirety.

REFERENCE SIGNS LIST

[0453] 9 Decoding module

[0454] 10 CT information decoding unit

[0455] 11 Image coding apparatus

[0456] 13 TT information decoding unit

[0457] 19 Header decoding unit

[0458] 20 CU decoding unit (prediction mode decoding
unit)

[0459] 31 Image decoding apparatus

[0460] 302 Prediction parameter decoding unit (CT infor-

mation decoding unit and prediction mode decoding unit)
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[0461] 303 Inter prediction parameter decoding unit

[0462] 304 intra prediction parameter decoding unit

[0463] 305 Loop filter

[0464] 306 Reference picture memory

[0465] 307 Prediction parameter memory

[0466] 308 Prediction image generation unit

[0467] 309 Inter prediction image generation unit

[0468] 310 Inter prediction image generation unit (intra
predictor)

[0469] 313 Deblocking filter

[0470] 315 Adaptive loop filter

[0471] 31041 Planar predictor

[0472] 31042 DC predictor

[0473] 31043 Angular predictor

[0474] 31044 CCLM predictor

[0475] 4401 CCLM parameter derivation unit

[0476] 4402 CCLM prediction filter unit

[0477] 31045 Palette predictor

[0478] 311 Inverse quantization and inverse transform

processing nit

[0479] 11 Image coding apparatus

[0480] 101 Prediction image generation unit

[0481] 102 Subtracting unit

[0482] 103 Transform processing and quantization unit
[0483] 104 Entropy coder

[0484] 105 Inverse quantization and inverse transform

processing unit

[0485] 106 Addition unit
[0486] 107 Loop filter
[0487] 108 Prediction parameter memory (prediction

parameter storage unit and frame memory)

[0488] 109 Reference picture memory (reference image
storage unit and frame memory)

[0489] 110 Coding parameter determination unit
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[0490] 111 Prediction parameter coder (CT information
coder, prediction mode coder, and CU coder)

[0491] 112 Inter prediction parameter coder
[0492] 113 Intra prediction parameter coder
[0493] 1120 CU coder

[0494] 1793 Component residual predictor
[0495] 17931 Residual predictor

[0496] 17932 Addition unit

1-15. (canceled)

16. An image decoding apparatus that splits an image into
coding tree units (CTUs) that are rectangular for processing,
the image decoding apparatus comprising:

decoding a parameter indicating whether to use a single

coding tree using one coding tree or a separate coding
tree using two or more coding trees in the CTU;

in a case that separate coding tree is used in the CTU,

reducing a target size and recursively performing block
splitting by using the separate coding tree if a slice
type is an intra slice, a value of the parameter
indicates to use the separate coding tree, and the
target size is greater than a prescribed maximum
size;

decoding a split flag, from a coding data, indicating
whether or not to further split a coding unit (CU)
having the target size if the target size is less than or
equal to the prescribed maximum size, and greater
than a prescribed minimum size; and

splitting the CU by using the separate coding tree if a
value of the split flag indicates to further split the
CU.

17. The image decoding apparatus according to claim 16,
wherein

the parameter is decoded when the image has two or more

color components.

#* #* #* #* #*



