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AAow B4 Agvel shtel GuE el @A svisk, Lol (slice) /B (tile)

Ang el welolth. £ebo]s/EAL dh ol4ke] CTU(coding tree unit)& ¥
% dvh shtel HAE st olgel Lvtels/BUR FHE S Arh shiel AAE st oyl B
agos THE 4 dvh shie B 0§ sht oyl HASS 23T 5 A,

Al (pixel) ¥ H(pel)S dhte] X (Ee F)S HASHE HAo dE oguist = girh. T, Ao
g foj2A ' AZ(sample)'o] AFEE = Q. AZe dubdgoz A wi A S yeld 4 9l
ow, Ful(luma) Aol FA/FAZNS YEbd % 3, ZA=Znk(chroma) g9 JA/A ¢S el

dlo= W

=1
FE Y. EE AT ¥7 ﬂﬂowﬂw HARE A S S, elelE k] T
1

FRA(unit) G Ao 712 d9E vl § itk R JXe 5EA 99 2 Y d9q #EE HR

T Aok shvE 23E 4 Advk. e FHE st Frf E5 9 e A=wk(ex. cb, cr) S EXF

g dnk. e A9l webd E5(block) B FH(area) T 8ol E&3to AEH & Aok, gy

A A, MxN B52 Wl 3 N9 oz o]Foxl MEE(Ex AL ofde]) Ex W A4 (transform
el st

of BAAA /s 1 R = A48T, B Sol, "B'E A R/EE B'E 455, A, BE A
/e BE AAEG. FAH0%, WB/CHE A, B H/EE C £ AoE ShpE sudth. £W, A, B,
C'% "A, B R/EE CF Holw s uw,

Fﬁ
rlr
]o

Mo, B EAA MELTE nu/Elro g g, oS o], "A E: B, 1) "A" W ojmsia,
2) "B" WS n|stAY, 3) "A W B"E oud 4= Qul. & EHEH, B FAY "EE"e "FUHoR e
th#) 2 © 2 (additionally or alternatively)"S ou& 4= ),

B A Ao "Ho]x dlte] A 2 B(at least one of A and B)"'&, "22 A", "9Z B" e "A9 B EF"E
omgk 4= Qo). HEgE, I YAA A "Hojk shfe] A EE B(at least one of A or B)"Y "HoJx }te] A
2 /%= B(at least one of A and/or B)"gle HHS "Hoj= 3Fte] A 2 B(at least one of A and B)"$} &
dstAl siAE 4 At

ok, 2 wAMoA "Hojx e A, B 2 C(at least one of A, B and O)"+, "% A", "22 B", "7
C", == "A, B ¥ C9 999 BE Z3(any combination of A, B and O)"& 2w & . HESH, "Holm
3Fite] A, B = C(at least one of A, B or O)"t "Hox s} A, B R/%E+= C(at least one of A, B
and/or O)"& "Zolx 3dlute]l A, B = C(at least one of A, B and O)"ZS 2Jn|st 4= gQlt},

ek, B mAAo A AMEEHE B35 "oE E9(for example)"E 9n|E = rt. FAHOR ) "o =(QE
AS)"E FAE A, "dS Y dEHE "QAEZ dF"o] AdH AL 5 Uk, & RHEIE 2 HAAY "4
Zre ED o="02 AF(linit)HA Far, "AEDZ oZ"o] "d="9o = Aotd ALY & Ur}. EIH
" EH (S, JIEF dF)"o2 FAE AR, "dS"e dEz "QAEZ oF"o] At AL 5 ).

2 GAA oA e B UlelA AR AyEe Ved 54, EAeRE FEE X i, FA
TdE = 9

E 12 2 EAE AEE e vy /9 39 Al=RY o E EgdeE YEd

T 18 Fxetd, HYe/Y9d 29 Al&'e &2 tulo]As A G4 tulo]AE X EE 4 9 A2 Tl
25 2139 E HY L (video)/9 3 (image) X E& HolHE U & 2EZY FHZ OXd AZvA] L
= HEHNAE T35l 441 gnpolaz dgddd 4=

A7) A2 gupolas HYL &2, JA3Y A, AFHEE XS . AV A guelo]lae Al o
Y FA 2 dgyE 23T 5 ok, 7] d3E A= vye/9d d3d FA e 2E 5 A, 37
g3ag AAe Hye/9d vad A 8 5 Jdvh. SV A3 Ao 2¥¢E F du. 7=
gzyg Ao x3gE 4 At dgys ga2EgelRE X8 X i, fyaEFdolis iy gulo]x
e o AXHER A" ¢£E o

HIT Q. Ay vlfe/g94d] A, 4 e A 34 55 53t HYe/94s 858 4 dr. HfL
AaE HY /9 A duto]ls W/ HT /P A Hutel2~E x3e 4 vk, ¥y e/9d A o
Hlol 2= d& Eo], 3 o]dY g, ojde AAHE HYL/YdS X HY L/ oMFtelE &
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Zgst 4= k. vy /9 AA Yulolas dE B0 HFEH, BEY 9 AvlEE 55 x9St 4 glor
(Ao z) HYL/9dE AT = AY. dF B9, AFEH 52 Tl 7] vge/dide] AdE ¢
Row o] A #H dlolErt AAFE o vHYe/dd AA FAge] ZeE F U

A3Y A= dE vy /IS JIZFTE & Uk, 3" FXe 4F 2 IZY 25 A5 o5, ¥,
A3 5 ™o AxE ST 4 gy, dzyE dHole(¢dzdd HYe/dd HEH)E HEXEH
(bitstream) PHZ &5= & Yo

A$RE= NEAEY ey 2 F89 dady nvge/d94 AR =

T 2% #Fxshd, dz:d A (2000 94 EEF-(image partitioner, 210), <l&H-(predictor, 220), AF
Y A 2]H-(residual processor, 230), EZI A FF-(entropy encoder, 240), 7FiF-(adder, 250), HE
F(filter, 260) ¥ "R (memory, 270)E 233ste] 742 4 dvh. dF55(220)0= Q1F oA55F(221) 2 I
Eg =5(222)F 3t = doh. dAFYE H5-(230)= HEH-(transformer, 232), %A}34-(quantizer
233), AUAEE-(dequantizer 234), SGWEE-(inverse transformer, 235)& ¥Xg3 4 U}, AAFLE A
(230)2 #4H5-(subtractor, 23D)E ¢ X3 = 9o, 7FHF(250)= HY9F (reconstructor) & 59 &5
AdF-(recontructged block generator)=® E¥ 4 U}, dee J44 £3H(210), <5H(220), dAAw4 A
25-(230), NERT QJAFYPF(240), 7HHH(250) 2 BHHF(260)= AAlde] met st o] de] st=9o] #
EHE(AE 59 J3y FHA Ee Z2AX)C 9ste] 7449 4 ok, E=3 o2 (270) & DPB(decoded
picture buffer)& 233 4 U3, tXd A wiAdd oste] 48 F% Utk A7) st=do] HAEXAEE

X
w22 (270)& W/elH HEAER ¢ 23T i o

f

QA BEF(210)E 1=9 A (2006 fdEE d8 FH(EE, JH, Zdgd)E sk oY A" #4
(processing unit)So2 &3 4 Ao}, A o=, 7] A RS I FSl(coding unit, CUolzt £
T k. o] 4% ZY FH2 Y EF FY(coding tree unit, CTU) & Hu =Y F3(largest coding
unit, LCU)SZ5-E] QIBTTT (Quad-tree binary-tree ternary-tree) 3ol we} A#AH L Z (recursively) =&
2 ¢ dnk. dE 59, sy 2Y FHS A= EY &, vpolvy Ef &, 2/EE HyE 7 EE 7
o= 39 (deeper) W= Eo) IH

2 28" F 3. o] AS dE 59 FA= Ef Fx7F WA A
EH3 vpely] EY] 2 9/EE HYY F27F Usel A48E S ok BE vty EY Fx7F 1A A
|d 7 Ut 4 ol FFHA & HAF A9 FHE 7IveR B EAd mE 29 Aot s8E ¢ 9
Tk o] A5 G 54 e 39 &8 & 7INeE, HAd 39 Yol vE HF IY FHoE AMeE
R, = oo el 3¢ FHLS gAY Z(recursively) Bl 3k9] §1x9 3y FHUER B0 FHF
o] Afo]ze] FY fYlo] HF IY FHoE AMEE F vt A7IA ZW At 2 Feste o5, Wi
2 5 T AaE 23} 5 Ao vE A=, A7 A F9e dS FUW(PUL Prediction Unit) H= WS
FR(TU: Transform Unit)& © EFE & vk, o] A5 A7) d5 #9 2 47 #E 9 474 d=d H
T 39 FHoRRE B e JEMYEE F ATt Y] dF RS AT G5 99d 5 3, A W
g e g AFE FEse W9 2/Es W3 AFEREH dAFE A& (residual signal)E fF=she o
a4d = ot
AL 9ol wEb E5(block) 5 9 (area) 58 &0 T3t A= + Uk, dvHEd A9, MxN
E=22 WHe E3 Mo oz o]Fofzxl MEE = W3 A<=(transform coefficient)E2 S veld
T AT AES dirdor A e A9 #gE vEd ¢ Jon, Fx(luma) FEe JA/FA%TE
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T AL, L1 =44 WEe] 7Rk oSS L1 dSolztal & o o, A7) L0 &3¢9 ¥H 2 A7) L1 &4
o WE E vl 7N dS5S B 5ol =E F Adnk. o714 L0 49 WEHe Fx HA giE
LO (LO)ol e 2 WMEHE vepd o= 9lar, L1 249 WE = 2 34 g2E L1 (LD ddd +4<
HE S el ¢ dn. FE FA d2E Loe A7) @A ARG 9 A4 ol AAEs Fx AAER
Eohd o Qlal, FxE FA PARE LI 7] A AARY 29 A% ol AAESs T o vk A
old AA=L &WE Fx) AAHL 29 AL, 7] olF AAEL A% (Fx) AAHL 2+ 3
o A7) FxE A Y2E 02 7] dA FARY 8 MY olF JAES Fx IAER 9 X3 5
ATk, o] A 7] Az HA FRE L0 el A7) old A S0l WA IHAEA Y] olF HAAES 1
tharell QEdE g Qlvk. ] Fx A g2E L2 A7) A4 ARG 28 SAY old JAES FHx T
A2 ¥ 2dd 5 Ao o] A5 A7) FE HA F2EL WelM 7] ol RSl WA dedHa 37
ol HAAEL 1 vFol 84 2 F vk, o7]M &% &A= POC(picture order count) <=4 (order)ell
<d 5

%4 39d /MY e B AT T2 Ao vERn.

A

fe+= 9A/rtee fad g 2 2 AAE vF+= VCL(video coding
H ARE JAFsta AFste 3F9 Al&®, 283 VLI 8k9] AlZ=gl Abo]e
F3l= NAL(network abstraction layer, UMEHI F4 AS)E FEF o

VCLAAM = 5 9% dolg (&gtel~ dHolH)E X&stE VL dHolHE AdstAY, 52 IX vy Al
E(Picture Parameter Set: PPS), A&z ug}lnE M E(Sequence Parameter Set: SPS), H|T]S ZEhu]H AE
(Video Parameter Set: VPS) 59 BEE Xfste Iy AE Ee JA39 tazd HAo Frixes da
St SEI(Supplemental Enhancement Information) WAIXE AAE 4= ).

NALol| A += VCLol| 4] A RBSP(Raw Byte Sequence Payload)ol &t FH(NAL 4 3t)S 718l NAL F4

& 44T 5 Ak olw, RBSPE VCLOIA AME Zehels wlolel, shebvlE] AR, SEI fAA FE wich,
NAL Fd SiElels Sl NAL Aol Eas RBSP HlolElel mel 54N NAL £ B AN E9E 5 9

7] =W A ZAIE vpe} Zo] | NAL 2 VCLolAl A8 RBSPe| uwhe} VCL NAL -2} Non-VCL NAL A2
2 7= 4 vk, VL NAL f2 <d7gel tist Ar(&ekels dlole)E E3stn & NAL S 9 E &
A gal7] flste] dad FH(FAvEH ME = SEI wAA)E Edtetal

[e}
3L, Non-VCL NAL 2 942 U=
= NAL 9 9 e 4 .

J<3k VCL NAL %, Non-VCL NAL 312 sk9] A" dHolg A wel sy HEE Zo4 UMEYAE
23 A" & ook, oAY, NAL £ H.266/VWC 2+ Z9, RTP(Real-time Transport Protocol),
TS(Transport Stream) &3 72 274 F4< dHolg ez WHPH o gt YEHAE T3 d5E & A

=

A4t vhel o], NAL §9& a5 NAL 3o Z &%= RBSP dlol8 % (structure)el] wah NAL 4% € go]
ERE 4 g9lon, o]g e NAL FY Bl ol ek AHEE NAL % &l AFse] Aaddyd 4= ).

Gl thEt Hr(setols HolH)E Edsh=A] ool weh =7 VCL NAL 7+ B+

e 4 Atk VOL NAL 43 EFQJ2 VCL NAL fryle] Eghsh= I3 44 4
T SOl mek Z7E 4 dem, Non-VCL NAL % BFl2 vjefilE] AlEe] F7 gol we} E7d o 3t
ol#f= Non-VCL NAL ' EFge] XEgaste Fepvg AlE9 F7F Fol wet 54¥ NAL F4 EF§le] ddoltt.
- APS (Adaptation Parameter Set) NAL unit: APSE XZ3sl= NAL f-ilol gk €Y
- DPS (Decoding Parameter Set) NAL unit: DPSE Z3sh= NAL ol gk €Y

L
VPS(Video Parameter Set) NAL unit: VPSS ¥33}= NAL Yo 3k gl

SPS(Sequence Parameter Set) NAL unit: SPSE X%l NAL f-4lol thal EF<)

PPS(Picture Parameter Set) NAL unit: PPSE ¥ &3} NAL 3o th3l B14)

PH(Picture header) NAL unit: PHE E33}+= NAL o] tidk gl
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3 FEHE FRE SA0 A4 ool w3 AR, SA0 B AE, SA0 LZA @ AR 58 T 5 gl
2 7 ZEE A& 3o 5d JAHd digte] A&d & Ut
ALF(Adaptive Loop Filter)&= & I3

slo] WY moo] WE WY AFES /Mo HF W9 2
Gats el dmy g4 e

| o = & |
B9 Aol J¥ Ao vuE Fato] ALF H§ o3, ALF 2 9/E= ALF
U ) K

Yy A% 52 24T F 9du, Ung A2 AdgAE £ Ao 5, ALFE 9% BE
& ool B An, ALF U 5¢ ¥ 4 Ak ALFE 3] 0

2% (shape) AW, ALF BEY A% Hu
257 A8 48 Fo 29 FA o vsle] 489 F= ),

T 5 B EAY A AAde e FHHE =A%, E 59 qAFel X MEEA, Lelola, H ElU=R
w3d ¢ Q).

T 58 XYW, A= ABEIAHER £3d F At odE B9, ABEIAAHE st o] &gol~ES 27
g k. Edtolae JAH Y AAAE 9GS vERd ¢ Jrh. B, dAXE HAER 2849 ¢ U dE
o], ALY &Efola st Bl dF-(subset)THe X = k. &, = bolA = Fol9 HAHY
Lelol2Eo] BUS BUS FF3al(are within the same tile), A7) T ZAAZE &glo|~ES ZHz} ¢}
E ABEIAAE £ ¢ Ik, = 59 F2 Alojxrt of1E & U EAHY 2o B AAHS = A
o|t}.

d oA, AA/ABEIAAE ABEIAH(F)/EHo|~(E)/EA(E)e= 7Hter 39y & drt. 3" A=
ABEIA /Eetol 2~/ Y FRE 7N E A AAE JAIEE F Y3, Ee AFZY e dA HAAH9 st
ool MEIAA(Eto|2E/EHAE XFHE QIFHstaL, AEIA #3 (dxdEH) AHE EFst= (HH)
HEZERHS FE83 & vt fg3d FAe ABAA(E)/ESo2(E)/BLd(E)d #3 1299) HJRE
E3eE (ME) HEZERS 7|Wo g @A IA 9] sl o] HEIAAE Hadd 4 Urt.

L 62 B EAY A AAdel wE MBI /Eeto]l~ Y 7 1Y RS EAST

dab e (99) IAAHE BFo (s sht o) HEIAA(E)/Egtol=(5)/EHY(5)E #8388 + . %
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[0115]

[0116]

[0117]

[0118]
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9 Ade Ag/5q94 g2 F

B BAe  ANdEdAd,  Qa/mYe  AmR: O HSE  EH® 4+ W%, HSE
ABIA (B)/2e0] 2 (5) /B (H)e] B8 ANE EFT 5 drh. ABIA (S B Au A4 HA )
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A(F)el Bk Jut vhe BE WY AEx QAES EFE 5 Aok,

=

2/ &efol 2~ /etd) 7)Wr A2 9ein|E A E(sequence parameter set, SPS)¢] Al

seq_parameter_set_rbsp( ) { Descriptor
subpics_present_flag u(l)
if( subpics present flag) {
sps_num_subpics_minusl u(8)

for(1=0;1 <= sps_num_subpics_minusl; i++) {

subpic_ctu_top_left x[ 1] u(v)
u(v)
u(v)
u(v)
ul)
u(l)

subpic_ctu_top_left_y[ 1]

subpic_width_minusl1[ 1]

subpic_height_minus1[i ]

subpic_treated_as_pic_flag[ 1]

loop_filter_across_subpic_enabled_flag[ 1 |

——

Al EE (MBI /Eeko]&/EHL) ZIRE HA g B Al E(picture parameter set, PPS)9] AlEs
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[0119]

[0120]

[0121]

[0122]

[0123]
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pic_parameter set rbsp() { Descriptor
no_pic_partition_flag u(l)
if( Ino_pic_partition_flag ) {
pps_log2_ctu_size minusS u(2)
num_exp_tile_columns_minus1 ue(v)
num_exp_tile_rows_minus1 ue(v)
for(i=0;1 <= num_exp tile columns minusl; i++)
tile_column_width_minus1[ 1] ue(v)
for(1=0;1 <= num_exp tile rows_minusl; i++)
tile_row_height_minus1[ 1] ue(v)
rect_slice_flag u(l)
if( rect_slice_flag)
single_slice_per_subpic_flag u(l)
if( rect_slice flag && !single slice per subpic flag) {
num_slices_in_pic_minus1 ue(v)
tile_idx_delta_present flag u(l)
for(1=0;1<num_slices_in_pic_minusl; i++) {
slice_width_in_tiles_minus1[i] ue(v)
slice_height_in_tiles_minus1[ 1] ue(v)

if( slice_ width_in_tiles minusl[i] == 0 &&
slice_height in_tiles minusl[i] == 0) {

num_slices_in_tile_minus1[ 1 | ue(v)

numSlicesInTileMinus] =num_slices in_tile minusl[1i]
for(j =0, j < numSlicesInTileMinus]; j++)

slice_height_in_ctu_minus1[ i++ | ue(v)
;
if( tile_idx_delta_present_flag && 1<num_slices_in_pic_minus] )
tile_idx_delta[ i ] se(v)
b
1
]
loop_filter_across_tiles_enabled_flag u(l)
loop_filter_across_slices_enabled_flag u(l)
3
3
e B WA BA(ARAA/Sebol/Ehe) A Lefols dlde] AEas bt
X 3
slice_header( ) { Descriptor

if( rect_slice flag || NumTilesInPic>1)

slice_address u(v)
if( rect_slice_flag && NumTilesInPic > 1)
num_tiles_in_slice_minus1 ue(v)

—~
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[0138]

[0139]
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E5, 7bg A 9A) Be us sl EASE £4 b AAL x AE B AR(NEE LLE)
A

| 2
u 94 dde] EAtE £4 A A x AE B RN 98E)9] ] #i AuE £
S oavh. @, by A AN B g A Ade EAsE £3 b AL y REA B9 A4

of #et ARE X 5 drt.

g 52 B2 Ao wE SPS(sequence parameter set)2] oA|Z <l Aledx W AJulgl <5 e,

£ 4
seq_parameter_set_rbsp() { Descriptor
subpics_present_flag u(l)
if( subpics_present flag) {
sps_num_subpics_minus1 u(®)

for(1=0;1 <= sps_num_subpics_minusl; i++) {

subpic_ctu_top_left x[ 1 ] uwv)
subpic_ctu_top_left_y[ 1] u(v)
subpic_width_minus1[ 1] u(v)
subpic_height_minus1[i ] u(v)
subpic_treated_as_pic_flag[ 1] u(l)
loop_filter_across_subpic_enabled_flag| i | u(l)
b

}

sps_sao_enabled_flag u(l)

sps_alf enabled_flag u(l)

sps_loop_filter_across_virtual_boundaries_disabled_present_flag u(l)

if( sps_loop_filter_across_virtual boundaries_disabled present flag ) {

sps_num_ver_virtual_boundaries u(2)

for(1=0;1<sps num_ver virtual boundaries; i++)

sps_virtual_boundaries_pos_x[1 | u(13)

sps_num_hor_virtual_boundaries u(2)

for(i=0;1<sps num_hor virtual boundaries; i++)

sps_virtual_boundaries_pos_y[i ] u(13)

_22_
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¥ 5

subpics_present_flag equal to 1 specifies that subpicture parameters are present in in the SPS RBSP syntax.
subpics_present_flag equal to 0 specifies that subpicture parameters are not present in the SPS RBSP syntax.

sps_num_subpics_minus] plus 1 specifies the number of subpictures. sps_num_subpics_minus] shall be in the range of 0
to 254. When not present, the value of sps_num_subpics_minus] is inferred to be equal to 0.

subpic_ctu_top_left_x[ 1] specifies horizontal position of top left CTU of i-th subpicture in unit of CtbSizeY. The length
of the syntax element is Ceil( Log2( pic_width max_in_luma_samples / CtbSizeY ) ) bits. When not present, the value of
subpic_ctu_top_left x[ i]1is inferred to be equal to 0.

subpic_ctu_top_lett y[ 1| specifies vertical position of top left CTU of i-th subpicture in unit of CtbSizeY. The length of
the syntax element is Ceil( Log2( pic_height max_in luma samples/ CtbSizeY ) ) bits. When not present, the value of
subpic_ctu_top_left_y[ 1] is inferred to be equal to 0.

subpic_width_minusl1[ i ] plus 1 specifies the width of the i-th subpicture in units of CtbSizeY. The length of the syntax
element is Ceil( Log2( pic_width_max_in_luma_samples / CtbSizeY ) ) bits. When not present, the value of
subpic_width_minusl|[ i ] is inferred to be equal to Ceil( pic_width_max_in_luma_samples / CtbSizeY ) — 1.
subpic_height minusl1[i]plus 1 specifies the height of the i-th subpicture in units of CtbSizeY. The length of the syntax
element is Ceil( Log2( pic_height max in luma samples/ CtbSizeY ) ) bits. When not present, the value of
subpic_height minusl| 1] is inferred to be equal to Ceil( pic_height max in luma samples / CtbSizeY )— 1.
subpic_treated_as_pic_flag[ i ] equal to 1 specifies that the i-th subpicture of each coded picture in the CL VS is treated as
a picture in the decoding process excluding in-loop filtering operations. subpic_treated_as_pic_flag[ 1 ] equal to 0
specifies that the i-th subpicture of each coded picture in the CLVS is not treated as a picture in the decoding process
excluding in-loop filtering operations. When not present, the value of subpic_treated_as_pic_flag[ i] is inferred to be
equal to 0.

loop_filter_across_subpic_enabled flag[ i ] equalto 1 specifies that in-loop filtering operations may be performed across
the boundaries of the i-th subpicture in each coded picture in the CLVS. loop _filter across subpic_enabled flag| 1 |
equal to 0 specifies that in-loop filtering operations are not performed across the boundaries of the i-th subpicture in each
coded picture in the CLVS. When not present, the value of loop_filter across_subpic enabled pic flag| i ] is inferred to
be equal to 1.

sps_loop_filter_across_virtual_boundaries_disabled present_flag equal to 1 specifies that the in-loop filtering operations
are disabled across the virtual boundaries in pictures referring to the SPS.
sps_loop_filter_across_virtual_boundaries_disabled_present_flag equal to 0 specifies that no such disabling of in-loop
filtering operations is applied in pictures referring to the SPS. In-loop filtering operations include the deblocking filter,
sample adaptive offset filter, and adaptive loop filter operations.

sps_sao_enabled flag equal to 1 specifies that the sample adaptive offset process is applied to the reconstructed picture
after the deblocking filter process. sps_sao_enabled_flag equal to 0 specifies that the sample adaptive offset process is not
applied to the reconstructed picture after the deblocking filter process.

sps_alf_enabled_flag equal to O specifies that the adaptive loop filter is disabled. sps_alf_enabled_flag equal to 1
specifies that the adaptive loop filter is enabled.

sps_num_ver_virtual boundaries specifies the number of sps_virtual boundaries_pos_x[ i ] syntax elements that are
present in the SPS. When sps_num_ver_virtual boundaries is not present, it is inferred to be equal to 0.

sps_virtual boundaries_pos_x][ 1 | is used to compute the value of VirtualBoundariesPosX]| i |, which specities the
location of the i-th vertical virtual boundary in units of luma samples. The value of sps_virtual boundaries_pos_x| 1 |
shall be in the range of 1 to Ceil( pic_width_in_luma_samples + 8 ) — 1, inclusive.

sps_num_hor_virtual_boundaries specifies the number of sps_virtual_boundaries pos_v[ i ] syntax elements that are
present in the SPS. When sps_num_hor_virtual_boundaries is not present, it is inferred to be equal to 0.
sps_virtual_boundaries_pos_y][ 1 | is used to compute the value of VirtualBoundariesPosY] i |, which specities the
location of the i-th horizontal virtual boundary in units of luma samples. The value of sps_virtual boundaries pos y[1]
shall be in the range of 1 to Ceil( pic_height in luma samples + 8 ) — 1, inclusive.
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pic_parameter_set_rbsp( ) { Descriptor

no_pic_partition_flag u(l)

if( 'no_pic_partition_flag ) {

loop_filter_across_tiles_enabled_flag u(l)
loop_filter_across_slices_enabled_flag u(l)
b
deblocking_filter_control present_flag u(l)
if( deblocking_filter_control_present flag ) {
deblocking_filter_override_enabled_flag u(l)
pps_deblocking_filter_disabled_flag u(l)
if( !pps_deblocking filter disabled flag ) {
pps_beta_offset_div2 se(v)
pps_tc_offset_div2 se(v)

——

-~

[0142] s

X7

no_pic_partition_flag equal to 1 specifies that no picture partitioning applied to each picture referring to the PPS.
no_pic_partition_flag equal to O specifies each picture referring to the PPS may be partitioned into more than one tile or
slice.

loop_filter_across_tiles_enabled_flag equal to 1 specifies that in-loop filtering operations may be performed across tile
boundaries in pictures referring to the PPS. loop_filter_across_tiles_enabled_flag equal to 0 specifies that in-loop filtering
operations are not performed across tile boundaries in pictures referring to the PPS. The in-loop filtering operations
include the deblocking filter, sample adaptive offset filter, and adaptive loop filter operations.

loop_filter_across_slices_enabled_flag equal to 1 specifies that in-loop filtering operations may be performed across slice
boundaries in pictures referring to the PPS. loop_filter_across_slice_enabled_flag equal to O specifies that in-loop
filtering operations are not performed across slice boundaries in pictures referring to the PPS. The in-loop filtering
operations include the deblocking filter, sample adaptive offset filter, and adaptive loop filter operations.
deblocking_filter_control_present_flag equal to 1 specifies the presence of deblocking filter control syntax elements in
the PPS. deblocking_filter _control present flag equal to O specifies the absence of deblocking filter control syntax
elements in the PPS.

deblocking_filter override enabled_flag equal to 1 specifies the presence of pic_deblocking_filter_override_flag in the
PHs referring to the PPS or slice_deblocking_filter override_flag in the slice headers referring to the PPS.
deblocking_filter override enabled flag equal to O specifies the absence of pic_deblocking filter override flag in PHs
referring to the PPS or slice_deblocking_filter_override_flag in slice headers referring to the PPS. When not present, the
value of deblocking_filter_override_enabled_flag is inferred to be equal to 0.

pps_deblocking_filter_disabled_flag equal to 1 specifies that the operation of deblocking filter is not applied for slices
referring to the PPS in which slice deblocking filter disabled flag is not present. pps_deblocking filter disabled flag
equal to 0 specifies that the operation of the deblocking filter is applied for slices referring to the PPS in which
slice_deblocking_filter disabled_flag is not present. When not present, the value of pps_deblocking_filter disabled flag
is inferred to be equal to 0.

pps_beta_offset_div2 and pps_tc_offset div2 specify the default deblocking parameter offsets for p and tC (divided by 2)
that are applied for slices referring to the PPS, unless the default deblocking parameter offsets are overridden by the
deblocking parameter offsets present in the slice headers of the slices referring to the PPS. The values of
pps_beta_offset_div2 and pps_tc_offset_div2 shall both be in the range of —6 to 6, inclusive. When not present, the value
of pps_beta_offset_div2 and pps_tc_offset_div2 are inferred to be equal to 0.
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picture_header rbsp() { Descriptor

if( !sps_loop filter across virtual boundaries disabled present flag) {

ph_loop_filter_across_virtual_boundaries_disabled_present_flag u(l)

if( ph_loop_filter across virtual boundaries disabled present flag) {

ph_num_ver_virtual_boundaries u(2)
for(i=0;1<ph num ver virtual boundaries; i++)
ph_virtual_boundaries_pos_x[ 1 | u(13)
ph_num_hor_virtual_boundaries u2)
for(1=0;1<ph num hor virtual boundaries; i++)
ph_virtual_boundaries_pos_y[ 1] u(13)
5
}
if( sps_sao_enabled flag) {
pic_sao_enabled_present_flag u(l)
if( pic_sao_enabled present_flag) {
pic_sao_luma_enabled_flag u(l)
if(ChromaArray Type != 0)
pic_sao_chroma_enabled_flag u(l)
3
5
if( sps_alf _enabled flag) {
pic_alf enabled present_flag u(l)
if( pic_alf enabled present_flag) {
pic_alf_enabled_flag u(l)
if( pic_alf enabled flag) {
pic_num_alf aps ids luma ud)

for(1=0;1<pic_num_alf aps_ids luma; i++)

pic_alf _aps_id_luma(1 ] u(3)
if( ChromaArray Type != 0)
pic_alf_chroma_ide u(2)

if( pic_alf chroma idc)

pic_alf_aps_id_chroma u3)

——

——

3
[0145]
if( deblocking_filter override_enabled flag ) {
pic_deblocking_filter_override_present_flag u(l)
if( pic_deblocking_filter override present flag ) {
pic_deblocking_filter_override_flag u(l)
if( pic_deblocking filter override flag) {
pic_deblocking_filter_disabled_flag u(l)
if( !pic_deblocking_filter disabled flag ) {
pic_beta_offset_div2 se(v)
pic_tc_offset_div2 se(v)
b
h
5
5
[0146] i
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ph_loop_filter_across_virtual_boundaries_disabled_present_flag equal to 1 specifies that the in-loop filtering operations
are disabled across the virtual boundaries in pictures associated to the PH.
ph_loop_filter_across_virtual_boundaries_disabled__present_flag equal to 0 specifies that no such disabling of in-loop
filtering operations is applied in pictures associated to the PH. The in-loop filtering operations include the deblocking
filter, sample adaptive offset filter, and adaptive loop filter operations.

ph_num_ver_virtual_boundaries specifies the number of ph_virtual_boundaries pos_x[ 1] syntax elements that are
present in the PH.

ph_virtual boundaries pos x| i | is used to compute the value of VirtualBoundariesPosX] 1 |, which specifies the
location of the i-th vertical virtual boundary in units of luma samples. The value of ph_virtual boundaries pos_x[ 1 | shall
be in the range of 1 to Ceil( pic_width_in luma samples + 8 ) — 1, inclusive.

ph_num_hor_virtual_boundaries specifies the number of ph_virtual_boundaries pos_y[ 1] syntax elements that are
present in the PH.

ph_virtual_boundaries_pos_v[ i] is used to compute the value of VirtualBoundariesPosY[ 1 ], which specifies the
location of the i-th horizontal virtual boundary in units of luma samples. The value of ph_virtual boundaries pos y[1i]
shall be in the range of 1 to Ceil( pic_height_in_luma_samples + 8 ) — 1, inclusive.

pic_sao enabled present flag equal to 1 specifies that pic_sao_luma flag and pic_sao_chroma flag are present in the
PH. pic_sao_enabled present flag equal to O specifies that pic_sao luma flag and pic_sao_chroma flag are not present
in the PH. When pic_sao_enabled present flag is not present, it is inferred to be equal to 0.

pic_sao_luma_enabled flag equal to 1 specifies that SAO is enabled for the luma component in all slices associated with
the PH; pic_sao_luma_enabled_flag equal to 0 specifies that SAO for the luma component may be disabled for one, or
more, or all slices associated with the PH.

pic_sao_chroma_enabled flag equal to 1 specifies that SAO is enabled for the chroma component in all slices associated
with the PH; pic_sao_chroma_enabled_flag equal to 0 specifies that SAO for chroma component may be disabled for
one, or more, or all slices associated with the PH.

pic_alf enabled present flag equal to 1 specifies that pic_alf enabled flag, pic num_alf aps ids luma,
pic_alf aps id luma[ i], pic_alf chroma idc, and pic_alf aps id_chroma are present in the PH.

pic_alf enabled present flag equal to O specifies that pic_alf enabled_flag, pic num_alf aps ids luma,
pic_alf aps id luma[ i], pic_alf chroma idc, and pic_alf aps id_chroma are not present in the PH. When

pic_alf enabled_present flag is not present, it is inferred to be equal to 0.

pic_alf enabled_flag equal to 1 specifies that adaptive loop filter is enabled for all slices associated with the PH and may
be applied to Y, Cb, or Cr colour component in the slices. pic_alf enabled_flag equal to 0 specifies that adaptive loop
filter may be disabled for one, or more, or all slices associated with the PH. When not present, pic_alf_enabled flag is
inferred to be equal to 0.

pic_num_alf aps_ids_luma specifies the number of ALF APSs that the slices associated with the PH refers to.

pic_alf aps id luma[ i] specifies the adaptation_parameter_set_id of the i-th ALF APS that the luma component of the
slices associated with the PH refers to.

The value of alf luma filter signal flag of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_parameter_set id equal to pic_alf aps id luma[ i | shall be equal to 1.

pic_alf chroma_idc equal to O specifies that the adaptive loop filter is not applied to Cb and Cr colour components.
pic_alf chroma_idc equal to 1 indicates that the adaptive loop filter is applied to the Cb colour component.

pic_alf chroma_idc equal to 2 indicates that the adaptive loop filter is applied to the Cr colour component.

pic_alf chroma_idc equal to 3 indicates that the adaptive loop filter is applied to Cb and Cr colour components. When
pic_alf chroma_idc is not present, it is inferred to be equal to 0.

pic_alf aps id chroma specifies the adaptation_parameter_set id of the ALF APS that the chroma component of the
slices associated with the PH refers to.

pic_deblocking_filter override present flag equal to 1 specifies that pic_deblocking_filter override flag is present in the
PH. pic_deblocking_filter override present_flag equal to O specifies that pic_deblocking_filter override flag is not
present in the PH. When pic_deblocking_filter override present flag is not present, it is inferred to be equal to 0.
pic_deblocking_filter_override_flag equal to 1 specifies that deblocking parameters are present in the PH.
pic_deblocking_filter override_flag equal to 0 specifies that deblocking parameters are not present in the PH. When not
present, the value of pic_pic_deblocking_filter_override flag is inferred to be equal to 0.

[0147]
pic_deblocking_filter_disabled_flag equal to 1 specifies that the operation of the deblocking filter is not applied for the
slices associated with the PH. pic_deblocking_filter_disabled_flag equal to O specifies that the operation of the
deblocking filter is applied for the slices associated with the PH. When pic_deblocking_filter disabled_flag is not
present, it is inferred to be equal to pps_deblocking_filter disabled_flag.
pic_beta_offset div2 and pic_tc_offset div2 specify the deblocking parameter offsets for f and tC (divided by 2) for the
slices associated with the PH. The values of pic_beta_offset_div2 and pic_tc_offset_div2 shall both be in the range of -6
to 6, inclusive. When not present, the values of pic_beta_offset_div2 and pic_tc_offset_div2 are inferred to be equal to
pps_beta_offset_div2 and pps_tc_offset_div2, respectively.

[0148]
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slice_header( ) { Descriptor
if( pps_cu_chroma_qp_offset_list enabled_flag )
cu_chroma_qp_offset_enabled_flag u(l)
if( sps_sao_enabled flag && !pic_sao_enabled present flag) {
slice_sao_luma_flag u(l)
if( ChromaArray Type = 0)
slice_sao_chroma_flag u(l)
)
if(sps_alf_enabled_flag && !pic_alf enabled present flag ) {
slice_alf_enabled_flag u(l)
if( slice_alf enabled flag) {
slice_ num_alf aps_ids_luma u(3)
for(i=0;1i<slice num_alf aps ids luma; i++)
slice_alf_aps_id_luma[i | u(3)
if( ChromaArrayType != 0)
slice_alf chroma_idc u(2)
if( slice_alf chroma idc)
slice_alf aps_id_chroma u(3)
b
¥
if( deblocking_filter_override_enabled flag &&
Ipic_deblocking filter override present flag )
slice_deblocking_filter_override_flag u(l)
if( slice_deblocking_filter override_flag ) {
slice_deblocking_filter_disabled_flag u(l)
if( !slice_deblocking_filter disabled flag) {
slice_beta_offset_div2 se(v)
slice_tc_offset_div2 se(v)
b
5
1
1
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cu_chroma_qp_offset_enabled_flag equal to 1 specifies that the cu_chroma_qp_offset_flag may be present in the
transform unit and palette coding syntax. cu_chroma_qp_oftset_enabled flag equal to O specifies that the
cu_chroma_qp_offset_flag is not present in the transform unit or palette coding syntax. When not present, the value of
cu_chroma_qp_offset_enabled_flag is inferred to be equal to 0.

slice_sao_luma_flag equal to 1 specifies that SAO is enabled for the luma component in the current slice;
slice_sao_luma_flag equal to 0 specifies that SAO is disabled for the luma component in the current slice. When
slice_sao_luma_flag is not present, it is inferred to be equal to pic_sao _luma_enabled flag.

slice_sao_chroma_flag equal to 1 specifies that SAO is enabled for the chroma component in the current slice;
slice_sao_chroma_flag equal to O specifies that SAO is disabled for the chroma component in the current slice. When
slice_sao_chroma_flag is not present, it is inferred to be equal to pic_sao_chroma_enabled_flag.

slice_alf enabled_flag equal to 1 specifies that adaptive loop filter is enabled and may be applied to Y, Cb, or Cr colour
component in a slice. slice_alf_enabled_flag equal to 0 specifies that adaptive loop filter is disabled for all colour
components in a slice. When not present, the value of slice_alf enabled_flag is inferred to be equal to

pic_alf enabled flag.

slice num_alf aps ids_luma specifies the number of ALF APSs that the slice refers to. When slice alf enabled flag is
equal to 1 and slice num_alf aps_ids_luma is not present, the value of slice num_alf aps_ids_luma is inferred to be
equal to the value of pic_num_alf aps_ids_luma.

slice_alf_aps_id_lumal i ] specifies the adaptation_parameter_set_id of the i-th ALF APS that the luma component of the
slice refers to. The Temporalld of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_parameter_set_id equal to slice_alf aps_id_luma] i ] shall be less than or equal to the Temporalld of the
coded slice NAL unit. When slice_alf enabled_flag is equal to 1 and slice_alf_aps id_luma] i ] is not present, the value
of slice_alf aps id_luma] i ] is inferred to be equal to the value of pic_alf aps_id luma[i].

The value of alf luma filter signal flag of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_parameter_set id equal to slice_alf aps id_luma] i ] shall be equal to 1.

slice_alf_chroma_idc equal to O specifies that the adaptive loop filter is not applied to Cb and Cr colour components.
slice_alf chroma_idc equal to 1 indicates that the adaptive loop filter is applied to the Cb colour component.

slice_alf chroma_idc equal to 2 indicates that the adaptive loop filter is applied to the Cr colour component.
slice_alf_chroma_idc equal to 3 indicates that the adaptive loop filter is applied to Cb and Cr colour components. When
slice_alf_chroma_idc is not present, it is inferred to be equal to pic_alf_chroma_idc.

slice_alf aps id_chroma specifies the adaptation_parameter_set_id of the ALF APS that the chroma component of the
slice refers to. The Temporalld of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_parameter_set _id equal to slice_alf aps id_chroma shall be less than or equal to the Temporalld of the coded
slice NAL unit. When slice_alf enabled flag is equal to 1 and slice_alf aps_id chroma is not present, the value of
slice_alf aps id_chroma is inferred to be equal to the value of pic_alf aps id chroma.

The value of alf chroma filter signal flag of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_parameter_set_id equal to slice_alf aps_id_chroma shall be equal to 1.

slice_deblocking_filter_override flag equal to 1 specifies that deblocking parameters are present in the slice header.
slice_deblocking filter override flag equal to O specifies that deblocking parameters are not present in the slice header.
When not present, the value of slice_deblocking_filter_override_flag is inferred to be equal to
pic_deblocking_filter_override_flag.

slice_deblocking_filter disabled flag equal to 1 specifies that the operation of the deblocking filter is not applied for the
current slice. slice_deblocking filter disabled_flag equal to 0 specifies that the operation of the deblocking filter is
applied for the current slice. When slice_deblocking filter disabled flag is not present, it is inferred to be equal to
pic_deblocking_filter disabled flag.

slice_beta_offset div2 and slice_tc_offset_div2 specify the deblocking parameter offsets for B and tC (divided by 2) for
the current slice. The values of slice_beta_offset div2 and slice tc_offset_div2 shall both be in the range of =6 to 6,
inclusive. When not present, the values of slice_beta_offset_div2 and slice_tc_offset div2 are inferred to be equal to
pic_beta_offset div2 and pic_tc_offset_div2, respectively.
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subpic_width_minus1[0], subpic_height_minus1[0], subpic_treated_as_pic_flag[il, g/r=
loop_filter_across_subpic_enabled_flagli]= oJ3] EAjgitt. o]l Ao A o]ggt Agx g9 EA)
T T8 ¥R olygt Y AlEa gk g ZiE gre]l AsE ol tmye F2& d58 5 U
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sps_num_subpics_minus1®] #2 0) Aol A& Z21 dAES X3 Y] 21 dAES e

ES e 5 A

W 4 g

o] =
AT

a) There signalling of the property of the only subpicture in the picture is omitted and their valucs
are  derived. In  other word, syntax elements subpic ctu top left x[ 0],
subpic_ctu_top left y[ 0], subpic_width_ minusl[ 0], subpic_height minusl| 0 |,
subpic_treated as_pic [lag| i |, and loop_[ilter_across subpic_enabled [lag| i | in the current
VVC spec is not present and their values are inferred as follows:

- subpic_ctu_top_left_x[ 0 ] is inferred to be equal to
- subpic ctu top left v[ 0] is inferred to be equal to 0

— subpic_width_minusl[ 0 | is inferred to be equal to
Ceil( pic_width_max_in_luma_samples + CtbSizeY ) )
- subpic_height minusl| O | is inferred to be equal to

Ceil( pic_height_max_in luma_samples +~ CtbSizeY ) )
- subpic_treated_as_pic_flag[ 0] is inferred to be equal to 1
— loop_filter_across subpic_enabled flag| 0 ] is inferred to be equal to 0
b) The values of the subpicture’s properties are constrained as follow:

— The first CTU of the subpicture is the first CTU of the picture (i.e.,
subpic_ctu_top _left x| 0] is constrained to be equal to 0, subpic_ctu_top left y[ 0]
is constrained to be equal to 0)

— The width of the subpicture is the width of the picture (i.e., subpic_width minusl| O |
is constrained to be cqual to Ceil( pic_width max in luma samplcs + CtbSizcY ) )).

— The height of the subpicture is the height of the picture (i.e., subpic_height minus1[ 0 ]
is constraincd to be cqual to Ceil( pic_hcight max_in_luma_samples + CtbSizeY ))).

- The  subpicture is an  independently  coded  subpicture (ie.,
subpic_trcated_as_pic_flag| 0 ] is constrained to be cqual to 1).
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