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Abstract

The moving picture experts group (MPEG) developed the MPEG immersive video (MIV) standard for efficient compression of
multiple immersive videos representing natural contents and computer graphics. The MIV compresses multiple immersive videos
and generates multiple output videos which are defined as atlases. However, there is a synchronization issue of multiple decoders
in a legacy device when decoding multiple encoded atlases. This paper proposes and implements the geometry packing method for
adaptive control of decoder instances for low-end and high-end devices. The proposed method on the recent version of the MIV
reference software worked correctly.
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MIV Encoder
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Fig. 1. MIV encoder-side processes of immersive videos
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I:I Basic view

I:l Additional view
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Table 1. MIV pixel rate test condition constraints
Test conditions Max. number of Max. resollution of Max. nu.mber of
luma samples luma picture decoder instances
Low pixel rate constraints 1,069,547,520 8,912,896 4
(Main10@Level 5.2) (e.g., 32MP@30FPS) (e.g., 4K, 4096x2048)
High pixel rate constraints 4,278,190,080 35,651,584 4

(Main10@Level 6.2)

(e.g., 128MP@30FPS)

(e.g., 8K, 8192x4096)
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Atlas 1

Syntax Value (jth atlas)

nacking_infarmation( ) {

pin_regions_count_minus1[j] 2

for(i=0;
i==7pin regions count minusl|j J;
it ) {

pin_region_type_id_minus2[j][1]

Syntax Ut:a;a;sj_ Syntax (jt‘;ai\thZs) pin_region_top_left x[{ ][]
3c_parameter set{ numBytesInV3CPayload ) { v3c parameter set{ numBytesInV3CPayload ) { pin_region_top lelLy[}1[1]
vps_geometry_video_present _flag]j | 1 vps_geometry_video_present_flag| j | o pin.region_width_minus1[j][i]
vps_attribute_video_present_flagl i | 1 vps_attribute_video_present_flagj ] 0 pin_region_height_minus1[j 1111
vps_packed_video_present_flag[j] 0 vps_packed_video_present_flag[j] 1 pin_region unpack top lefr x| {][1]
pin_region_unpack_top_left y[j1[1]

a2l 2. MIV Bs7(0Me] =3l 1zl oA
Fia. 2. Frame packing process by the MIV encoder
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AxESol W Fd s Awsith Aljbske 7S
TMIV vi4 7L 7|F0 2 T I8 30 ZAH
™IV #357]& %ﬂ—ii}% olsgt HIEAEY S} V3C H]
date] she] HIEXEYS st
3, ol TMIV %zﬂoﬂ A Aol Bastd 4 9l

°]E TMIVT in-bandz} A o]ttt Wi, HE]ZH A 34
S AXA 3 o HMIEAEY S B35t 555}
¥ A9 VIC HIEZEYS TMIV 5374 gEsiE +
A=t °]2 TMIVE out-of-bandZ} g 93ttt A WA

AR

H2 V3C 74 EF

Table 2. V3C unit types

o] TMIV+= out-of-band "I EF|©]E1E json FE| 2 A A5}
of oEEtn P4 84E AWsty, A7) e olEE
TMIV E5 710 ¥ Eojof gt 17 4= 0WUA| o}t
29} out-of-band W EH| ©]E] <A S LeRATE 17 40 A
& & % out-of-band HIEF 0B & o} &g~ F X A7,
obeEts A, F1 FRE VERTH HlErE o] H oA
] vuhi= V3C unit headerg ©]V|3}t3, vuh_unit type<>
vuh® FH7E UERH o= ISO/MEC 23090-5 V3C X7
of Aol=Elo] gtk & 2& V3C §H 9 FHE ZAIST

vuh_unit_type Identifier V3C unit type Description
0 V3C_VPS V3C parameter set V3C level parameters
1 V3C_AD Atlas data Atlas information
2 V3C_OVD Occupancy video data Occupancy information
3 V3C_GVD Geometry video data Geometry information
4 V3C_AVD Attribute video data Attribute information
5 V3C_PVD Packed video data Packing information
6 V3C_CAD Common atlas data Information that is common for atlases in a CVS. Specified in ISO/IEC 23090-12
7---31 V3C_RSVD Reserved -
Alflas 0
Adlas (
Geometry (2048>1088) Ee
[{ Tcxrmc Cicometry
"bit_depth": 10 (4096%2176) (1124%2176)
"frame_size": [ 2048, 1088 ], [{
"irap_frame_indices": [0], "bit_depth": 10,
"yuh_atlas_id": 0, "frame_size": [ 1024, 2176 ],
"vuh_auxiliary_video_flag": false, "irap_frame_indices": [0 ],
"vuh_map_index": 0, "vuh_atlas_id"; 0, Atlas 0
"vuh_unit_type™ 3, "vuh_unit_type": 5, ———
"vuh_v3c_parameter_set_id": 0 "vuh_v3¢_parameter_set_id": 0 y
i 1
"ai_attribute_type_id": 0, "ai_attribute_type _id": 0,
"pit_depth": 10, - "bit_depth"; 10, : e
"frame_size": [ 4096, 21761, lexure + geomerry "frame_size": [ 4096, 2176 ], mm + wmuy
"irap_frame_indices": [0], (4096%2720) "irap_frame_indices": [0], (5120%2176)
"yuh_atlas_id": 0, [{ "vuh_atlas_id": 0, [{
"vuh_attribute_index": 0, "bit_depth": 10, "vuh_attribute_Index": 0, "bit_depth": 10,
"yuh_attribute_partition_index": 0, "frame_size": [ 4096, 2720 1], "vuh_attribute_partition_index": 0, "frame_size": [ 5120, 2176 ],
"vuh_auxiliary_video_flag": false, “irap_frame_indices": [ 0], "vuh_auxiliary_video_flag": false, "irap_frame_indices": [0],
"vuh_map_index": 0, "vuh_atlas_id": 0, "vuh_map_index": 0, "vuh_atlas_id": 0,
"vuh_unit_type": 4, "vuh_unit_type": 5, "vuh_unit_type": 4, "yuh_unit_type": 5,
"vuh_v3c_parameter_set_id": 0 "wuh_v3c_parameter_set_id": 0 "vuh_v3c_parameter_set_id": 0 "vuh_v3c_parameter_set_id": 0
i Ji| 1l i

(a) (b)

T2l 4, 0 OFE2tA % out-of-band HIEHH|O|E] OflA]. (a) MIV T2l ==}

packing + H|EAEZ! 4t

(c) (d)

2 (b), MIV =22l 12!, (c) geometry packing, (d) geometry

Fig. 4. Example of Oth atlas and out-of-band metadata. (a) MIV main profile, (b), MIV frame packing, (c) geometry packing, (d) geometry

packing + bitstream merging
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HIEAEY S SY3ith TMIV 5571 =89 74
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Table 3. Experimental Conditions

(JBE Vol.27, No.6, November 2022)

AVDE QA HBZ MIV B57] & 4 glo] £33}7} 7}

Fakth %57 dol FARA ggkeng Adse 7|
W& TMIVE) in-band ¥ out-of-band X Fol|A] F2to] 7}
TEE stk Adste 71ES Zdld Aol HE

= MIV &7 Z2upelo] AgHER MIV W9l Z= 3}
doll ek A F7HE op7lskA R, ZH|Y 7 H&
A= B357] £4 flo] Aol 7Hsatdon da) Al
9] Ul )3 po|gto] AT VIC 2 MIV EFE 5

[7]01]"1 Arats Za el 7 92 7 =o] AbehE ge-
ometry packing 7% V3C H|EXEJ packing in-
formation() AEAE F71E A Aste], 2 Q) o7 1) 3
£ oiH) V3C BIEXER ] A7)7F 718kt V3C BIEA

f& EE— uﬂé}@l MIV 7]‘1} Z:_E_E]”‘ Al WFEA] A
ofof stz & =7 2z HF 7ol qm V3C HIEX
Ho HIESS A= 9 HEith & 32 2 inoﬂfﬂ %‘
3 47k 2215 UEhdTh A17S ﬁﬂﬂ o 9
2] %2 MIV modeE AHE-31ed 17 ZH A&
S ovgth MIV #357]%= MIV mode 3 MIV view
= A s, MIV modedl & AlA 7 520 A
Ao 5 YFES FHT F oy 7P AIF 34
Al A SRR Aol o] FojA] EAETE ETH MIV view
mode §8 G 718 AHRHE FE5ke] ofgks
o Aste] HJEE ot 4E5ES MIV modedl] H]3H
vt 26101 WEW MIV modes= MIV view mode tHH]
3t 454.29%, 175.48%°] MIV #3531 9 5353} A
b Sk Hold, =9 94 F4 WUHE s agd
immersive video peak signal-to-noise ratio (IV-PSNR)="
A TMIVE HM W3 AHE Al 11.48%°] Bjontegaard-
elta rate (BD-rate) A 7HS HojFch whebA, A MIV

d

2
&
i

Condition Description Profile Components within an atlas index
A17 MIV mode anchor for 17 frames MIV main AVD, GVD
P17 Frame packing in MIV mode for 17 frames MIV extended PVD containing AVD and GVD
GP17 Geometry packing in MIV mode for 17 frames MIV extended AVD and PVD containing GVD
GPM17 Geometry packing and bitstream merging in MIV_mode for 17 frames MIV_extended PVD containing AVD and GVD
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H 4. V3C H|EAEZ H|EZ0|E (Kbps) E 5. MIV £33} A2t (%)
Table 4. Bitrates of V3C bitstreams (Kbps) Table 5. ntimes of MIV encoding (seconds)
Sequence A17 P17 GP17 GPM17 Sequence A17 P17 GP17 GPM17
ClassroomVideo 236.27 237.55 237.14 237.50 ClassroomVideo  4053.62 4134.12 4245.95 -
Museum 151.51 152.79 152.38 152.73 Museum 4633.15 4696.66 4640.76 -
Painter 264.55 265.83 265.42 265.77 Painter 1024.71 1084.07 1049.23 -
Frog 208.61 209.90 209.49 209.84 Frog 853.232 789.99 793.66 -
Kitchen 27413 275.42 275.01 275.36 Kitchen 1811.91 1795.14 1737.92 -
Chess 138.00 139.28 138.87 139.22 Chess 1792.32 1703.61 1712.62 -
Fan 202.85 204.14 203.73 204.08 Fan 1057.66 1065.12 975.04 -
Carpark 52.18 53.25 52.91 53.21 Carpark 539.84 501.66 500.65 -
Group 223.55 224.83 224.42 224.78 Group 1664.13 1532.05 1554.94 -
Average 194.62 195.88 195.48 195.83 Average 1936.73 1922.49 1912.30 -
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