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FIG. 2

FIG. 3
GEOMETRY ATTRIBUTE
INFORMATION INFORMATION
n=1 G(Q) = (x1, y1, 21) A1) =®Rq, Gy, By
n=2 G(2) = (xg, yg, 29) A(2) = Ry, Gg, By)
n=N G(N) = (XN, YN, ZN) A(N) —~ (RN’ GNa BN)
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FIG. 7
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FIG. 14

ftyp

moov

mdat

FIG. 15

Codec 1

Codec 2

Codec 1
NAL unit

Codec 2
NAL unit

PCC NAL Unit

Carriage of =

Codec 1

Codec 2

ISOBMFF
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ENCODED DATA

PCC NAL UNIT

FIG. 18

HEADER PAYLOAD
NAL UNIT
HEADER NAL UNIT PAYLOAD

|

pce_nal_unit_type
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FIG. 19

EXAMPLES OF SEMANTICS OF pcc_nal_unit_type
(1) if pec_codec_type == Codec 1
0:Codecl Goemetry
1:Codec1 AttributeX
2:Codecl AttributeY
3:Codecl Geom. PS
4:Codecl AttrX. PS
5:Codecl AttrX. PS
6:Codecl Geometry Sequence PS
7:Codecl AttributeX Sequence PS
8:Codecl AttributeY Sequence PS
9:Codecl AU Header
10:Codecl GOF Header
11 ~:Codecl reserved for future use

(2) if pcc_codec_type == Codec 2
0:Codec2 DataA
1:Codec2 MetaDataA
2:Codec2 MetaDataB

3 ~:Codec2 reserved for future use

17/72




Sds Sd|4aAvdH 0) 0) 0 0) 0) Sds Sds sd YAAVHH

KULANOED | NVMLS av| v XV 0D Sdv gD  |sungnisay|xuawons| wyauLs Ava0n
m vIva LAS TALANVEVd m
' A A '
' Ve ~N N 1
Sds Sd|9aavdH 0) 0) 0 0) 0) 0) Sds 5ds Sd |YHAVIH | 9AdVHH
A4LINOID| WVHAYLS nv AV XV A VU SdAV QdXV sdH HLAGIHLLY [ ALLINOHD | INVHILLS nv JA0H
NOLLVINHOANI HLAITHLLY NOLLVINHOANI ALLHINOHD
1 > > 1
' - e N !
Sds Sd|9aavaH 0) 0) (0) 0) sas| (g 0) Sds Sd |¥4AVHH |9HAVHH
AITANOTD| INVHYLS nv AV SAAV XV QXY [|ALNdraLLy OR; QY [AULINOHD| WVHULS nv 109
1 < < !
' (mav onv :

—

d0D

0¢ DIA

(HILVEOHLNI
Vivd

LSYHIA-LHS
JHLHNVEVd

LSYIA-NOLIVIVEOdNI
K4LANOEY)

18/72



NOILLVINHOANI

| TVNOLLIAAV |
| AAAOONH oneM%moow%ﬂ B | NOLLVINYOJANI
| | vNoLLIaY |« | IVROLLIEAY
m Y NOILIVINYOJANI V16¥ |
“ _TVNOILLIAAV\ r !
| <€ YAAOONA || N |
| N VN |NOLLVINIOJANI || NOLLVINIOJNI
| < g ALNaraLv || V < ALOGIYLLV
| NOLIVINIOANI \ |
| ALAGIMLIV €167 |
AEAJumm%_ AXATILLININ AIaOONH JAAIAIA | |
aHAOONT) | NOLLVINYOANI |
VIV | "TVNOLLIAAV N [ I !
AIAOONH _ c_ YAAOONA || N m
| £ NOLLYWHOJNI & | NOLLVIWHOANI
| NOILVINYOANI Y ALLINOED T X4LANOED
| YAAOONY LSYIA |
016% —

19/72



NOLLVINHOUNI

TYNOLLIAQY _
NOILLVINYOJNI _! 44dooud AdAOONI |
A NOILLVINYOANI |
v av | vNowuaav “
| V267 |
| Y NOLLVINJOUINI |
| _ N TVNOLLIAAQV |
| N 100040 | I |
NOLLVINIOJANI _! NOLLVINYOJNI || ) |
ALOAIALLY . V| aLngraiy € _
| \ NOILLVINYOANI |
| €e6vy ALOGIYLLY |
Blibl s QEAOINT |yyxyrawaa [~] (wvaeis
_ NOLLVINHOANI ' AHAODNH)
| i i TYNOLLIAQY | VIvd
| _ Hiclelelelcel | QHAOONd
| £ NOLLVINJOANI _
NOLLVINYOUINI ! |
XLANOED | ALLANOED ||~V NOILVINHOANI — |
. geb 226V L _
| dHA0NHA LSUL |
0267~

20/72



NOLLVINHOUNI
TVNOILIAAYV HDITS <

/

NOLLVINIOANI | |

TVNOLLIAAQV _ ! |

ATLL ALAGINLIY < _ m

NOLLVWHOAINI g———— ¥ddIAId ATIL |« |
ALOGTYLLV _ NOLLVWHOANI | | NOLLVINOJINI
AHAIAIA _ HLAGIYLLY I< ! HLOGIYLLY

NOLLVINYOANI | ce6¥ TAAIAIQ _

TVNOLLIAAV <— HOI'TS _
NOLLVIWJOINT S=———— HHdIAId AL |« [ xamamosd

| NOLLVINOJNI |_ |

QAAIAID < S LTAOE,) = |

| — 1667 m

| JAAIAIA |

16y~

21/72



Q@ QA AIAIQ
- -
Vil g OISy Sl g EOTIS Y
”‘ T - \
o GHOIISD TS ZHOIIS D
/—7 190rsv /—7 1d0IISV
m i : ” : :
LD 1 orsp 7 rworiso

V6 DI

-
N

LT HOI'TS

dHodITS

AN
\ VILVd

ano1
LNIOd

22172



m %SQ m,Qme
m NQ»DQ

m ‘na

m QSQ QQ\NQ
m AL V

m %SQ %QDQ
m NSQ NQDQ
m NSQ NQDQ
m QSQ QQDQ
| ATIL Y

m NOLLVINHOANI H.LONITHLLY

HOI'IS V

HOI'IS V

HOTI'IS O

H'ILL O

na

2na

na

HOTI'IS O

0na

A'TLL O

NOILLVINHOANI AdLAINOHD

¢ NYHLLVd

I NYHLLVd

23/72



FIG. 26

Mshce
o BEFORE SLICE
G MGiie || MAcie <— DIVIDING
ey AFTRR SLICE
P Gty Geo ) / < DIVIDING
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FIG. 27

Milice
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FIG. 28
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COLLECTIVELY DIVIDE GEOMETRY
INFORMATION AND ATTRIBUTE
INFORMATION

/\

TILE DIVIDING?

SEPARATELY DIVIDE GEOMETRY
INFORMATION AND ATTRIBUTE
INFORMATION

,‘ 84916
ENCODE DIVIDED GEOMETRY
INFORMATION AND DIVIDED
ATTRIBUTE INFORMATION

v S4917
INTEGRATE INTO NAL UNIT

END
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7 S4921

ANALYZE ADDITIONAL
INFORMATION RELATED
TO DIVIDING METHOD

e S4922

DECODE DIVIDED GEOMETRY
INFORMATION AND DIVIDED
ATTRIBUTE INFORMATION

— 54924

COMBINE DIVIDED GEOMETRY
INFORMATION AND DIVIDED
ATTRIBUTE INFORMATION WITH
RESPECTIVE METHODS

/

S4925

SLICE DIVIDING?

54926

COMBINE GEOMETRY
INFORMATION AND ATTRIBUTE
INFORMATION WITH THE SAME
METHOD

/\

END
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FIG. 33

( START )

ENCODE A PLURALITY OF DIVIDED DATA
v S4932

GENERATE BITSTREAM (STORE FIRST
IDENTIFIER AND SECOND IDENTIFIER
IN CONTROL INFORMATION)

S4931

/
END

FIG. 34

( START )
S4941

OBTAIN FIRST IDENTIFIER AND SECOND
IDENTIFIER FROM BITSTREAM

\/ P S4942

DECODE A PLURALITY OF ENCODED DATA TO
RESTORE A PLURALITY OF DIVIDED DATA

J/ $4943

COMBINE A PLURALITY OF DIVIDED DATA

END
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\ S5401
DETERMINE COMBINED
FRAME COUNT N

e
T~

. | 55402
OBTAIN POINT CLOUD DATA
Vi S5403 55405
SPECIFY NEXT POINT
RECORD FRAME INDICES CLOUD DATA

A

S5404

HAVE N
FRAMES BEEN
PROCESSED?

NO

S5406
ENCODING PROCESS

(oo )
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S5411

GENERATE COMMON INFORMATION

S5412

GENERATE INDIVIDUAL INFORMATION

S5413

COMBINE COMMON INFORMATION
AND INDIVIDUAL INFORMATION
TO GENERATE ENCODED DATA

Y S5414

GENERATE AND ENCODE
ADDITIONAL INFORMATION
CONCERNING FRAME COMBINING

C END)
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% S5421
OBTAIN COMBINED FRAME COUNT N

\ S5422
OBTAIN ENCODED DATA

S5423
DECODE ENCODED DATA TO OBTAIN
POINT CLOUD DATA AND FRAME INDICES

v S5424

DIVIDE POINT CLOUD DATA USING
FRAME INDICES

(END)
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FRAME TO BE
DECODED?
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\ 5434

EXTRACT AND DECODE
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FIG. 44
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FIG. 45
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Y
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FIG. 46

C START )

" S5441

DETERMINE DIVISION METHOD
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FIG. 49
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FIG. 52
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/
(END)
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/ S5474

DECODE DIVIDED
ATTRIBUTE INFORMATION

55475

DECODE FRAME INDEX FOR
DIVIDED ATTRIBUTE
INFORMATION
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FIG. 56

ENCODED GEOMETRY [-]
INFORMATION S
—C

HEADER PAYLOAD

FIG. 57

Geometry_header({
gps_idx
offset,
other_geometry_information
if(combine_frame_flag){
number_of _combine_frame

}

if(tile){
tile_type
tile_idx

}

if(slice){
slice_type
slice_idx

}

}

FIG. 58

Geometry_dataOf
for(depth<maxDepth){
for(i<MaxNodes){
occupancy_Code(depth, i)
node_information(depth, i){
ifG==MaxNodes-1){
combine_information();
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FIG. 59

combine_information(){
NumberOfPoints
for(i<NumberOfPoints }{
FramelIndex ()
}
}

FIG. 60

combine_information(){
bitmaplIsFramePointsFlag

}

FIG. 61

O 00010101
® ©) BIT MAP

LEAF NODE
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FIG. 62

ENCODED ATTRIBUTE [
INFORMATION |:;:::;
/ \

HEADER PAYLOAD

FIG. 63

Attribute_header({
aps_idx
offset
other attribute information
if(combine_frame_flag){
number_of_combine_frame

}

if(tile){
tile_type
tile_idx

}
if(slice){
slice_type
slice_idx
}
}

FIG. 64

Attribute_data() {
combine_information ();

}
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FIG. 65

T

HEADER PAYLOAD

FIG. 66

f\/\/\f\

sps [aps E| a [aps@ [ 6@ [aps® 3] 6@ [aps@ i G

FIG. 67

Frame idx1

Frame 1dx2
Frame 1dx3
4Frame idx4

SPS | GPS(1) [GPS@)| GPSE) | GPS@) [:::|G(1-4)
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FIG. 68

Frame idx1
Frame 1dx2
Frame 1dx3
Frame 1dx4
SPS |GPS(1-4) [ G(-4)

FIG. 69

Frame idx1
SPS GP(—\ “Haaea

N~ -
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FIG. 74

( START )
S5481

COMBINE FIRST POINT CLOUD DATA
AND SECOND POINT CLOUD DATA TO
GENERATE THIRD POINT CLOUD DATA

S5482

Y
ENCODE THIRD POINT CLOUD DATA

END

FIG. 75

( START )
" /85491

DECODE ENCODED DATA TO OBTAIN
THIRD POINT CLOUD DATA AND
IDENTIFICATION INFORMATION

" =~ S5492

SEPARATE THIRD POINT CLOUD DATA INTO
FIRST POINT CLOUD DATA AND SECOND
POINT CLOUD DATA USING IDENTIFICATION
INFORMATION

END
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FIG. 76

/ THd N T a(x2, y2, z2)

3,573, z3 /s Aq
AI:;( ok \/\ 7y \ frame_idx=1
frame_idx=0 ( ~N ) \
S
\ p(xl y1, z1)

frame 1dX—O /
\

FIG. 77
Al
b1
d(b0,b1)=8 _~° C v db1,b2)=6 a2

b0 ~a0 OCQ b2 ,@
S, /
N\ d(a0, a1) = 11 /
O AN y /d(a1, a2) = 12

&
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a0 al a2 LoDO Thres LoDI[0] = 10 SPARSE:
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: b0 b1 b2 LoD1 Thres LoD[1] = 5 :
M . |
[ |
| cO cl c2 LoD2 Thres_LoD[2] =0 DENSE
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FIG. 80
VALUE BIT
0 1
1 010
2 011
3 00100
4 00101
5 00110
6 00111
7 0001000
FIG. 81
prefix suffix
VALUE BIT ——
3 00100 —t— 00 1 00
4 00101 N\
: TERMINAL
6 00111
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FIG. 82

attribute_header{
NumLoD

for (i=0; i<NumLoD; i++) {
}NumOfPoint [i]

for (i=0; i<NumLoD-1; i++) {
}Thres_Lod[ﬂ

for (1=0; i<NumLoD; i++) {
}NumNeighborPoint [i]

for (=0; =< NumLoD; 4-+) §
}THd[i]

for (i=0; i<NumLoD; i++) {
}QS[i]

for (=0 < Num LoD 44+ §
R_THI[]

FIG. 83

attribute_dataf

for (i=0; i<NumLoD; i++) {
for (j=0; j<NumOfPointl[il; j++) {
n-bit code
if (n-bit code == R_THIi])
\ remaining code
}

=

63/72




FIG. 84

C START )

v S5601

COMBINE PLURAL FRAMES

S5602

ENCODE GEOMETRY INFORMATION

S5603

REASSIGN ATTRIBUTE INFORMATION

S5604

ENCODE ATTRIBUTE INFORMATION

C END)
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FIG. 85

S5604
START Pl
SET LoD oA SR
Y
( START LOOP FOR EACH LoD \/ S5612
\
/" START LOOP FOR EACH THREE- \ 95613
DIMENSIONAL POINT o
Y S5614
SEARCH FOR PERIPHERAL POINTS [~
Y __ S5615
CALCULATE PREDICTED VALUE
Y S5616
CALCULATE PREDICTION RESIDUAL |~
] S5617
QUANTIZATION o
v S5618
ARITHMETIC ENCODING —
Y S5619
INVERSE QUANTIZATION —
Y S5620
CALCULATE DECODED VALUE —
END LOOP FOR EACH THREE- R
\_ DIMENSIONAL POINT /
v S5622

(( ENDLOOPFOREACHLoD  J

END
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FIG. 86
VALUE BIT
3 <——— 00100 <
4 00101
5 00110
6 00111
FIG. 87

VALUE BIT

0 1

1 010

2 011

4 00101

5 00110

6 00111

7 0001000
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v S5631

DECODE GEOMETRY INFORMATION

S5632

DECODE ATTRIBUTE INFORMATION

S5633

DIVIDE POINT CLOUD INTO FRAMES

(END)
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FIG. 89

35632
START el

SET LoD

_S5641

¢ START LOOP FOR EACH LoD )~ 59642

DIMENSIONAL POINT

/" START LOOP FOR EACH THREE- S5643

v

SEARCH FOR PERIPHERAL POINTS

__S5644

¥

CALCULATE PREDICTED VALUE

5645

v

ARITHMETIC DECODING

5646

v

INVERSE QUANTIZATION

_ S5647

v

CALCULATE DECODED VALUE

_S5648

v

END LOOP FOR EACH THREE-

5649

\. DIMENSIONAL POINT /

v

85650
(C ENDLOOPFOREACHLoD )~

END
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FIG. 90

INPUT POINT CLOUD DATA

S~ 5600
THREE-DIMENSIONAL DATA
ENCODING DEVICE
5601
FRAME
COMBINER
\ 5602 % 5603
GEOMETRY ATTRIBUTE
INFORMATION > INFORMATION
ENCODER REASSIGNER
\ 5604
ATTRIBUTE
INFORMATION [«
ENCODER
Y
BITSTREAM
FIG. 91
BITSTREAM
~ 5610
THREE-DIMENSIONAL
DATA DECODING DEVICE
; 5611
GEOMETRY
INFORMATION
DECODER
Y 5612
ATTRIBUTE
INFORMATION
DECODER
V] 5613
FRAME
DIVIDER

Y
OUTPUT POINT CLOUD
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FIG. 92

(2) ATTRIBUTE
INFORMATION

HEADER PAYLOAD

(b)

Attribute_header({
aps_idx
offset
other_attribute_information
if(combine_frame_flag){
number_of _combine_frame
refer_different_frame
}
if(tile){
tile_type
tile_idx
}
if(slice){
slice_type
slice_idx

}
b

(c)

Attribute_data({
combine_information();

}
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\ S5661

OBTAIN COMBINED POINT CLOUD DATA

S5662

GENERATE ENCODED DATA

Y S5671
OBTAIN ENCODED DATA

S5672
DECODE ENCODED DATA

(END)
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