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ABSTRACT

While volumetric video provides an immersive experience, successful volumetric video streaming requires high
quality of experience (QoE) and robust adaptation to diverse network environments and user scenarios. Moreover,
volumetric video services often include both passive viewing and user interaction phases, demanding a balance
between playback stability and low-latency responsiveness. Due to the differences from 2D video, existing
Dynamic Adaptive Streaming over HTTP (DASH) method often struggles to address this variability efficiently. In
this paper, we propose an adaptive strategy that dynamically adjusts the segment duration within the DASH
system for volumetric video. To this end, we first introduce an extended Media Presentation Description (MPD)
structure to support multiple segment durations. We then present a segment adaptation engine that adjusts the
duration of the segment in real time, manages buffers, and pursues a balance between responsiveness and
stability. We implemented our system and conducted extensive evaluations across diverse scenarios. The results

illustrate that our system effectively adapts to varying conditions while balancing stability and responsiveness.
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Fig. 1. System architecture for DASH-based volumetric video streaming with adaptive segment duration
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Table 1. Evaluation results of Scenario 1 (Stable Network)

Segment Duration | Bitrate (Mbps) | Startup Time (s) | Stall Time (s) | Num. of Requests
Fixed-1s 41454 0.18 0.0 61
Fixed-4s 396.05 0.32 0.0 17
Fixed-10s 339.45 0.78 0.0 7

Adaptive (Proposed) 414.54 0.16 0.0 16
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Table 2. Evaluation results of Scenario 2 (Stable Network + Interaction)
Segment Duration Bitrate Startup Stall Num. of Interaction
(Mbps) Time (s) Time (s) Requests Latency (s)
Fixed-1s 41454 0.18 0.0 61 27.71
Fixed-4s 396.05 0.33 0.0 17 32.69
Fixed-10s 359.08 0.73 0.0 7 38.79
Adaptive (Proposed) 411.66 0.12 0.0 42 5.39
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Table 3. Evaluation results of Scenario 3 (Dynamic Network)

Segment Duration | Bitrate (Mbps) | Startup Time (s) | Stall Time (s) | Num. of Requests
Fixed-1s 197.01 0.20 0.0 61
Fixed-4s 271.27 0.44 0.0 17
Fixed-10s 199.94 1.16 1.30 7

Adaptive (Proposed) 225.00 0.16 0.0 31

N Fixed-1s Fixed-4s Fixed-10s Adaptive (Proposed)

2 1000 - - -

= Pt SRS R R AN 774 S

00 ~ T ety =, QR e e e i R o g o e

g ° r r [

£ | i |

om T T T T T T T T T

0 50 100 0 50 100 0 25 50 75
Time (s) Time (s) Time (s)
—— Actual Bandwidth —-—- Estimated Bandwidth —-= Chosen Bitrate
1s-segment 4s-segment 10s-segment ZZ1 Interaction

T2 5. A]L 2004 A7te] Bl whE w|Ee|E g AlaHE o] Ald
Fig. b. Bitrate and segment duration selection over time on Scenario 2
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Table 4. Evaluation results of Scenario 4 (Dynamic Network + Interaction)

S Tt Bitrate Startup Stall Num. of Interaction

egmen uration . .

S (Mbps) Time (s) Time (s) Requests Latency (s)
Fixed-1s 191.00 0.14 0.0 61 14.06
Fixed-4s 277.48 0.46 0.0 17 15.58
Fixed-10s 240.51 0.97 0.0 7 22.93

Adaptive (Proposed) 207.80 0.16 0.0 58 3.80
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