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Motivation — Adaptive Multi-View Live Video Streaming
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State of the Art — Single Encoder Video Transmission
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[1] Adaptive Multi-View Live Video Streaming for Teledriving Using a Single Hardware Encoder, Markus Hofbauer, Christopher B. Kuhn, Goran Petrovic,
Eckehard Steinbach; IEEE ISM 2020
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Concept — Preprocessing Filters
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[2] Adaptive Multi-View Live Video Streaming Using a Single Encoder, Markus Hofbauer, Christopher B. Kuhn, Goran Petrovic, Eckehard Steinbach; IEEE Transactions on CSVT, Submitted

» Preprocessing concept
« Enable individual rate/quality adaptation
* Multiple camera views
» Single encoder
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Approach — Preprocessing Filters

« Temporal filter
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[2] Adaptive Multi-View Live Video Streaming Using a Single Encoder, Markus Hofbauer, Christopher B. Kuhn, Goran Petrovic, Eckehard Steinbach; IEEE
Transactions on CSVT, Submitted
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Approach — Preprocessing Parameter Estimation

« Estimate kernel size k and standard deviation o using bitrate model
«  Workflow with individual encoders: QP, frame rate (f), frame resolution (r) as input for every encoder
»  Workflow in case of limited hardware:

QP-1,1,1.0, ... Bitrate Model

Matching q Preprocessor
QP-SFV, k, 0, ... Bitrate Model

fr

« Design bitrate model R to allow solving of
R(QP-1, ..., 1, 1.0) = R(QP-SFV, ..., k, 0)
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Approach — Bitrate Model Design

« Challenge
* No direct access to the underlying codec (motion estimation, ...)
« Estimate bitrate with the encoder as black box

« Goal: Estimate the bitrate from
« Given encoding parameter (QP, f, r, ...)
» Video activity measures [3]
« Spatial activity SA
» Temporal activity TA

[3] Rec. ITU-T P.910 : Subjective video quality assessment methods for multimedia applications
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Approach — Dataset
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[2] Adaptive Multi-View Live Video Streaming Using a Single Encoder, Markus Hofbauer, Christopher B. Kuhn,
Goran Petrovic, Eckehard Steinbach; IEEE Transactions on CSVT, Submitted
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Approach — Analytic Bitrate Model Ny
« Extend state-of-the-art approach [3]:
R = Rpqx * TCF(f) * SCF(q) * NCF(n) * RCF(r) * GCF (k) * GSDCF(a) '+ T /
+  Maximum bitrate R,
» Temporal correction factor TCF(f) U B )
- Spatial correction factor SCF(q) © nor @ reor
* GOP correction factor NCF(n)
* Resolution correction factor RCF(r) g |
» Gaussian correction factor GCF (k)
« Gaussian standard deviation correction factor GSDCF (o) B e L
(e) GCF (H GSDCF
[2] Adaptive Multi-View Live Video Streaming Using a Single
[3] C. Lottermann, A. Machado, D. Schroeder, Y. Peng, and E. Steinbach, “Modeling the bit rate of H. 264/AVC video encoding as a function of quantization Encoder, Markus Hofbauer, Christopher B. Kuhn, Goran Petrovic,
parameter, frame rate and GOP characteristics” in 2014 IEEE ICMEW Eckehard Steinbach; IEEE Transactions on CSVT, Submitted
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Approach — Analytic Bitrate Model

* Model individual correction factor, e.g. SCF
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[4] P. McCullagh and J. A. Nelder, Generalized Linear Models. CRC Press, 1989, vol. 37. E(])l‘/;iiglri,\l(e:Miilltli)-[\)/f:?;‘:vé_-i\lzxrild,2)0?;:?’r:lirnogVil;?Egk:hsf;?dglsel::f);gﬁinlEAEalrEkus

Transactions on CSVT, Submitted
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Approach — Machine Learning based Bitrate Model

« Multi-layer perceptron

» Five fully connected layers

e RS —

FCL 1 (180)

w

FCL 2 (120)

'

FCL 3 (90)

ki

FCL 4 (60)

W

FCL 5 (1)

— RcR

[2] Adaptive Multi-View Live Video Streaming Using a Single Encoder, Markus Hofbauer, Christopher B. Kuhn, Goran Petrovic, Eckehard Steinbach; IEEE Transactions on CSVT, Submitted
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Results — Bitrate Models
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[2] Adaptive Multi-View Live Video Streaming Using a Single Encoder, Markus Hofbauer, Christopher B. Kuhn, Goran Petrovic, Eckehard Steinbach; IEEE Transactions on CSVT, Submitted

Markus Hofbauer | Adaptive Multi-View Live Video Streaming for Teledriving Using a Single Hardware Encoder

12



Results — Bitrate Models

Training Set Test Set All Videos
Model RMSE PC RMSE PC RMSE PC
Analytic | 0.0179 | 0.9627 “ 0.0186 | 0.9564 | 0.0180 | 0.9617
ML 0.0111 | 0.9723 |‘ 0.0078 | 0.9813 | 0.0106 | 0.9721
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Results — Application

TUTI

Video Multi Single Oracle Analytic ML
bus {26,-,-} || {26.-.-} || {26,1,0.5} || {26,1,0.5} | {26,1,0.5}
Settings city {38,--} || {26,--} || {26.7.2.5} || {26,9,3.0} | {26,9,3.0}
{QPk,o'} deadline {29,-,-} || {26.-.-} || {26.3,0.5} || {26,3,1.0} | {26,5,0.5}
mother {32,-,-} || {26.-,-} || {26,5,2.0} || {26,9,3.0} | {26,5,2.0}
bus 6145 6145 6145 6145 6145
Bitrate city 1353 5225 1355 2282 1179
[kbit/s] deadline 3696 4746 3919 3919 3919
mother 1098 2088 1097 1806 1317
normalized MAE z - 0.2969 0.0102 0.0731 | 0.0377

[2] Adaptive Multi-View Live Video Streaming Using a Single Encoder, Markus Hofbauer, Christopher B. Kuhn, Goran Petrovic, Eckehard Steinbach; IEEE Transactions on CSVT, Submitted
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Conclusion

* Problem: Limited hardware prevents individual view adaptation for multiple views

« Solution
» Preprocessing concept to enable individual view adaptation with a single encoder

» 3 preprocessing filters to manipulate individual frames
« Combine preprocessed frames to single superframe
* Model for estimating the required preprocessing parameter
» Bitrate model (analytic & ML) for estimating influence of preprocessing filters

* Results
« Achieve similar bitrate with a single encoder compared to multiple encoders

* Machine Learning based bitrate model outperforms analytical model
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Adaptive Multi-View Live Video Streaming Using a Single
Encoder
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M
State of the Art — Multi-View in Video Coding Standards

Cams*

wikipedia.org/wiki/Multiview_Video_Coding
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