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Motivation – Adaptive Multi-View Live Video Streaming
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• Individual adaptation

• Bitrate

• Spatial resolution

• Temporal resolution

• Multi-view optimization

• Per view

• Overall view



• Limited hardware in 

autonomous vehicles

• Single encoder

• Combination into a single 

superframe

• Lack of individual adaptation 

(without direct access to the 

encoder)

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



Concept – Preprocessing Filters
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• Preprocessing concept

• Enable individual rate/quality adaptation

• Multiple camera views

• Single encoder

[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



• Temporal filter

 Frame drops

• Spatial filter

 Frame downscale

• Quality filter

 Spatial low pass

Approach – 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



• Estimate kernel size k and standard deviation σ 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: 

• Design bitrate model R to allow solving of 

R(QP-1, …, 1, 1.0) = R(QP-SFV, …, k, σ)

Approach – Preprocessing Parameter Estimation
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Bitrate Model

Preprocessor

QP-SFV, k, σ, …

k, σ

f, r

QP-1, 1, 1.0, …

Bitrate Model

Matching



• 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 

Approach – Bitrate Model Design
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[3] Rec. ITU-T P.910 : Subjective video quality assessment methods for multimedia applications



• 30 YUV CIF videos (football, deadline, akiyo, …)

• CIF as used in most related work

• Data generation with x264

• Encode all videos with all permutations of 

encoding parameters (EP)

• EP: QP, frame rate, GOP length, frame size, 

Gaussian filter (kernel size & σ)

• Dataset 30 x 554401 = 16.6 million samples

 SA, TA, EP as input

 Bitrate as output

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



• Extend state-of-the-art approach [3]:

𝑅 = 𝑅𝑚𝑎𝑥 ∗ 𝑇𝐶𝐹 𝑓 ∗ 𝑆𝐶𝐹 𝑞 ∗ 𝑁𝐶𝐹 𝑛 ∗ 𝑅𝐶𝐹 𝑟 ∗ 𝐺𝐶𝐹 𝑘 ∗ 𝐺𝑆𝐷𝐶𝐹 𝜎

• Maximum bitrate 𝑅𝑚𝑎𝑥

• Temporal correction factor 𝑇𝐶𝐹 𝑓

• Spatial correction factor S𝐶𝐹 𝑞

• GOP correction factor N𝐶𝐹 𝑛

• Resolution correction factor R𝐶𝐹 𝑟

• Gaussian correction factor G𝐶𝐹 𝑘

• Gaussian standard deviation correction factor G𝑆𝐷𝐶𝐹 𝜎

Approach – Analytic Bitrate Model
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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

[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 

parameter, frame rate and GOP characteristics” in 2014 IEEE ICMEW



• Model individual correction factor, e.g. SCF

𝑆𝐶𝐹 𝑞𝑝, 𝑞𝑝,𝑚𝑖𝑛 =
𝑞𝑝

𝑞𝑝,𝑚𝑖𝑛

−𝑎

• Find model parameter 𝑎 using least square non-linear 

fitting

• Model 𝑎 based on SA and TA 

• Use iterative generalized linear regression method [4]

• Least square non-linear fitting

𝑎𝑠𝑡 = 𝛼0 ∗ 𝑆𝐴 + 𝛼1 ∗ 𝑆𝐴 ∗ 𝑇𝐴 + 𝛼2

Approach – Analytic Bitrate Model
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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
[4] P. McCullagh and J. A. Nelder, Generalized Linear Models.   CRC Press,1989, vol. 37.



Approach – Machine Learning based Bitrate Model
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• Multi-layer perceptron

• Five fully connected layers

[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



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

Analytic Machine Learning



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



Results – Application 
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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



• 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

Conclusion
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State of the Art – Multi-View in Video Coding Standards
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wikipedia.org/wiki/Multiview_Video_Coding
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