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Tile-Based MPEG-DASH Point Cloud Video Streaming
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Abstract

Point cloud video streaming has attracted attention as a key technology for next-generation media services such as XR, the
metaverse, and remote collaboration. However, conventional segment-based streaming delivers an entire segment at a uniform
quality, which leads to unnecessary bandwidth consumption and increased latency. To address these issues, this study designs a
tile-based MPEG-DASH streaming system. A point cloud object is partitioned into six tiles, and MPEG V-PCC is applied for
encoding. In addition, we extend the MPD and generate a metadata file containing each tile’s coordinates, normal vector, and area
information for use in DASH streaming. Furthermore, we apply a bitrate allocation algorithm that considers each tile’s frontality
and overlap with adjacent tiles, dynamically determining the quality of each tile within a given bandwidth budget.
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<Period id="object_1" start="PT@.0S" duration="PT1@S" xRo
<AdaptationSet id="object_1_high_quality">
<Representation id="object_1_high_quality_segment_@">
<SegmentTemplate timescale="1" duration="1" starthu
initialization="object_1/HQ/segmen

media="object_1/HQ/segment_e/tile_$Numbers$.

</Representation>
<Representation id="object_1_high quality_segment_1">
<SegmentTemplate timescale="1" duration="1" startNu
initialization="object_1/HQ/segmen

media="object_1/HQ/segment_1/tile_$Number$.

</Representation>
<Representation id="object_1_high_quality_segment_2">
<SegmentTemplate timescale="1" duration="1" startNu

initialization="object_1/HQ/segmen

media="object_1/HQ/segment_2/tile_$Numbers$.

</Representation>
</AdaptationSet>
</Period>

T8 4. Bt 7|8 ZOIE ZEpPE HIOR AER[YS 9§ MPD

Fig. 4. MPD structure for tile-based point cloud streaming
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Algorithm 1: Bit-Rate Allocation Example 1 Algorithm 1: Bit-Rate Allocation Example 2
Input: T = {,rq-}; set of tiles, 1 whi.le Budgel remains do
Total Area;: total tile arca, 2 | for tfr? &L%Qih chg gu
) ) . . 3 or tile t; € o
gﬁfw.‘p‘:b ?‘;155’10 ?lf VLCW[-)?I. L;l il tor 4 if qualities|t;] < moxQualily then
. veclor [rom the user Lo 5 1 Lile center, 5 g qll.rl!'f:',if'.‘i[ffj +1:
0; wicwport: angle between view vector and V;, 8 cost + Size(l;, q) — Size(t;,q — 1);
0;  wisible: auglc between Vi and normal vector of cach tile, 7 il Usedbudgel + cosl < Budgel then
Dist;: Euclidean distance between user and center of each tile, 8 L Usedbudget «— Usedbudget + cost;
0i k- overtap: angle between Vi and a vector that contains two center  ° qualities|ts] « ¢;
points of tiles within the viewport,
Budget: total bit-rate budget 10 if no quality improvement in Q1 and Q2 then
1 qualities + [1,¥t; € T; a | break;
2 Usedbudget +— ZL.-CT Sizt:(l,-.. l); 12 while Budgel remains do
3 Define Priority levels: @y, Q. Q3; 13 | for Q€ {Qa} do
4 fort: e T do 14 for tile t; € @ do
"‘ o . 15 if gualities(t;] < maxrQualily then
5 if 0i vicwport < E! then 16 q « qualities[t;] + 1;
6 if — cos(0; visibie) i large then 17 cost + Size(ti,q) — Size(ts, g — 1);
7 if 005(0,-’;( m,,_,,.;up) is small then 18 if Usedbudget + cost < Budget then
8 if Dist; is small then 19 Usedbudgel < Usedbudgel + cost;
9 | add £; to Qy; 20 qualilies|t;] « q;
10 clse if Dist; is medium then
11 | add £; to Qs; 21 if no quality improvement in Q3 then
T W 7
12 clse 2 | | break;
13 |_ add ¢; to Q3; 23 return qualities;

T2l 5. Efed HIEH0|E 2 YEE OJA|
Fig. 5. Example of tile bit-rate allocation algorithm
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Server

HTTP GET request

I Rendering on Chrome

Client

[

MPD, Tile Metadata

[

= Py — N
Caddy running on MPEG-DASH over HTTP/3 Chrome_browser
Windows 11 running on

Windows 11
I Tile data
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Fig. 6. Overview of proposed tile-based streaming system
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&3k A2 7] i A Es EAEATE Boh A9
RTT=60ms, Jitter=t5ms, Loss=0.5%2] A|F ZZolA
HTTP/3 #-& A ¥4 Ag|zFe] HTTP2 tiH] i °F 40%
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Fig. 7. Network performance results of HTTP/3 compared with HTTP/2
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Signal-to-Noise Ratio), SSIM(Structural Similarity Index)
e bl 9} of 2ol w2 PSNR, SSIMO] ¥ S et
A Aol glelol2 Ad¥(Row), AZ8(Triangle), T
(Single) Al 7HAE FAdstdth ohFek @lolob(Row,
Triangle, Single) thall PSNR3} SSIMS &4 3 23}, o

PSNR. vs Budget (row / triangle / single-scaled)

I+ SSIM®] 0.9 °]4° 2 FA e H, 27Mbps tH] <F
60% - 10.5Mbpsel M A1ZH4 F4 Ast7E Ao A
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1. ofl4HE PSNR/SSIM Z 2t
Table 1. PSNR/SSIM Results by Budget

Layout Budget (Mbps) PSNR (dB) SSIM
Row 10.5000 30.3700 0.9809
Row 14.4000 31.3900  0.9834
Row 18.9000 39.3800 0.9876
Triangle 10.5000 33.3500  0.9900
Triangle 14.4000 34.3400 0.9922
Triangle 18.9000 36.9500 0.9948
Single 3.0000 27.2500  0.9686
Single 4.5000 27.7100 0.9703
Single 6.3000 29.3300 0.9821
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Fig. 9. Rendering result example of Layout Row
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2! 10. Layout Triangle ZIC{ZI AT} OflA|
Fig. 10. Rendering result example of Layout Triangle

J2! 11. Layout Single #IC{Z! ZAx} oflA|
Fig. 11. Rendering result example of Layout Single
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