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FVV Streaming is Challenging

= FVV streaming
* multiple video streams (multiple views, multiple components)

* rendered frames are the result of a view synthesis process from received
components

= Complex rate adaptation

* quality of rendered video stream is dependent on the qualities of
component streams used as references in the view synthesis process

e changes in components’ bit rates do not equally contribute to the quality of
the synthesized video




Problem

= Given current viewpoint position and available network bandwidth
* which referenceviews should be requested?

* which representations for each (texture and depth) component should be
downloaded?

= Objective:
 Maximize quality of rendered virtual views at the client side




Proposed Solution

=" Two-step approach

* Determine set of reference views to be requested from server in order to
render target viewpoint

* Decide on the representations for the segments of the scheduled views’
components

" Terminology
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Reference View Scheduling

" Predict + Pre-fetch
* periodically record user’s viewpoint position
* use navigation path prediction techniques to extrapolate future position
» pre-fetch additional referenceview if necessary




Reference View Scheduling
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Virtual View Distortion Model
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Virtual View Quality-Aware Rate Adaptation

= Use virtual view quality models to guide the rate adaptation process
* Empirical models < (M - 1)KL* decode-synthesize iterations
* Analytical models - faster to obtain, less overhead, near optimal quality

» Relation between reference views quality/bitrate and quality of
synthesized virtual view
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Virtual View Quality-Aware Rate Adaptation

* For each supported virtual view position
* Solve system of linear equations to obtain model coefficients
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* Signal model coefficients in extended MPD file




Rate Adaptation
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System Architecture
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MVD Signaling

= Extended MPD file

Camera Parameters

Per segment index virtual
view quality models

Components of captured
(reference) views

<CameraParameters...>

</CameraParameters>

p
<VVRDModel ...>

9 </VVRDModel>

<Period>
<AdaptationSet ...>
</AdaptationSet>
<AdaptationSet ...>
</AdaptationSet>

</Period>

"




Extended MPD

= Camera Parameters

<CameraParameters>

<View id="0">

<IntrinsicParam fx="2241.26" fy="2241.26" cx="701.5" cy="514.5" />
<ExtrinsicParam rotation="1,0,0,0,1,0,0,0,1" translation="5,0,0" />
<ZRange zNear="448.2512" zFar="11206.2803" />

</View>

</CameraParamters>




Extended MPD

= Virtual view quality models in MPD

<VVRDModel metric="psnr'">
<SegmentVVRDModel segld="11">
<VVRange id="1" 1="3" r="5">
<VVParam alpha="0.25" a0="0.24"
a4d="11.99" />
<VVParam alpha="0.50" a0="0.23"
ad="14.07" />
<VVParam alpha="0.75" a0="0.24"
ad="14.06" />

</VVRange>
</SegmentVVRDModel>
</VVRDModel>
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Extended MPD

= Reference Streams Quality

<AdaptationSet mimeType="video/mp4" codecs="avcl.640828">
<Viewpoint schemeldUri="urn:mpeg:dash:mvv:2014" value="0"/>
<Role schemeIdUri="urn:mpeg:dash:v+d:2014" value="t"/>

<Representation bandwidth="128000"|avgPSNR="34.1" avgSSIM="0.959"p
<SegmentList duration="1">

<Initialization sourceURL="oblivion_128_t0_init.mp4"/>
<SegmentURL media="oblivion_128_t0_segl.m4s"/>
</SegmentList>
</Representation>
</AdaptationSet>




Streaming Client Components
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Screenshot

http://www.my-dash.com/cafe/cafe-qp-1000p.mpd

" Implemented using C++
* libdash
* FFmpeg
* GPAC

Period 1
Number of Virtual Views:
1

Rate allocation method:

PSNR
Video Segments Buffer:

| RNE)

Video Frame Buffers

= Actor-based concurrency —
* message passing ;
—=
" Indicators:
* Segment and frame buffer levels e
* Viewpoint position ffffff

Successfully parsed MPD at: http://www.my-dash.com/cafe/cafe-qp-1000p.mpd




Evaluation

* Three MVD video sequences: Kendo, Balloons, and Café

" For each MVD video
 Three cameras from the set of captured views (texture and depth)
 Component streams encoded using CBR and VBR at different quality levels
* Three virtual view positions within each virtual view range
 Virtual view quality models for all supported virtual view positions
* Two quality models for each virtual view position (100 and 40 OPs)

= Subjective and objective evaluation experiments
* Proposed rate adaptationvs. equal allocation [Su et al. '15]
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Results: Fixed Network Bandwidth
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Results: Variable Network Bandwidth

* Kendo (view 2) - VBR
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Subjective Assessment

" Double-stimulus continuous quality-scale E
(DSCQS) 30| —
* 17 participants (12 males and 5 females) |
e 23-33 years old
* 12 test conditions

« 3 video content Z “ -Li

* 2 encoding configurations
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Conclusions

= FVV streaming is interesting, but challenging to implement!
* Need to efficiently utilize available bandwidth to maximize quality

= Virtual view quality-aware rate adaptation
* Analytical quality models to reduce signaling overhead

=" Complete system for FVV streaming and empirical results




Questions?




Virtual View Quality

Ballet multiview sequence
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* A. Vetro, A. Tourapis, K. Miiller, and T. Chen, “3D-TV content storage and transmission”, IEEE transactions on broadcasting, vol 57, no 2, pp. 384-394, June 2011
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