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re is eating the World” — M. Andreessen (2011)
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The Significance of ML in Video Streaming
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LN EL WAL 8  video quality selection, multipath scheduling, transcoding, ...
available bitrate, head/user movement, cache hits, ...
error concealment, Point cloud inpainting, ...
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Classical Problems of (Live) Video Streaming
1. Bandwidth Requirement ofen im Deer
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Classical Problems of (Live) Video Streaming
2. Bandwidth fluctuation . Offn im enken
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Classical Problems of (Live) Video Streaming
3- Utility Offen im Denken

- Objective vs. Subjective Studies
QoS/QoE
MOS
(PSNR), VMAF
P2P PSNR, Y-PSNR, PCQM, logP2D-JGY
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More Problems of (Live) Video Streaming

4. User Interaction

User trajectory and
view direction

|

Interaction with a Point Cloud object
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More Problems of Live Video Streaming

5. The latency-buffering dilemma

CMAF Chunks

start arrived by now

seg #

>3 segment lengths latency to live edge

encoder produces CMAF
segments with 1s chunks
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time
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(Live) Streaming through the ML lens
Where? And What?

caching
transport

. In-Network ML-
: based support
=) L,
compression

encoding, Decoding,

prediction

ML-based

support support
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(Live) Streaming through the ML lens
In-Network streaming support B

caching
transport
encoding, Decoding, %)
compression prediction l—.Q
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(Live) Streaming through the ML lens
In-Network streaming support B

© & SDN-assisted ABR Measurement
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(Live) Streaming through the ML lens
In-Network streaming support
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(Live) Streaming through the ML lens
ML-based In-Network streaming support T

& & SDN-assisted ABR Measurement
A streaming (SABR) Archive
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(Live) Streaming through the ML lens
ML-based In-Network streaming support T

x&o\ 6&“ SDN-assisted ABR Measurement M L h e re

& %@qf streaming (SABR) Archive

In-Network streaming
support application

Network Controller

Request Retrieve

Time scale (coarse):
predict available bandwidth (e2e) [Bhat’18]
predict coding times [Amirpour22]
QoE regression
network reconfiguration

(Transitions as a RL problem) [Alt‘19]
- routing, multicast, multipath
- AQM, scheduling

1. control streaming traffic
2. control in-network applications (VNFs)
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(Live) Streaming through the ML lens
ML-based In-Network streaming support T
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streaming (SABR) Archive
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(Live) Streaming through the ML lens
ML-based In-Network streaming support T

. . SDN-assisted ABR Measurement
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(Live) Streaming through the ML lens
ML-based Edge/Client support caching R

A
e

Dynamic ‘
Point Cloud encoding, decoding, %)

compression prediction —
here?
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Point Cloud Streaming (VPCC) B o

Caching Offen im Denken
transport
Dynamic _d .
Point Cloud encoding, decoding, %/
compression prediction '_.Q

2D projections are packed into image
frames and compressed with legacy

=y
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video codecs. o N
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The bitstream of V-PCC consists of: R == OVD
. = 1 Bl GVD
Bitstreams: Geometry bitstream glo — D
Attribute (left) and - Attribute bitstream £10°
Geometry (right) - Occupancy map RL R2 R3 R4 R5

- Auxilary information
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Challenge 1: User interaction with PC objects
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Challenge 2: Transcoding PC objects
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Challenge 3: Error concealment

Offen im Denken

ML for error concealment at encoding time (Inpainting)
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- split PC into cubes

- interpolate using intra and inter-source
cube

- rationale:
- similarity within vicinty in frame
- consistency across frames
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Challenge 4a: Edge-side Multipathing (server push)

cachi ng Offen im Denken

transport

encoding, decoding, %)
compression prediction |_.Q
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Challenge 4b: Edge-side Multipathing (client puli)

ca Ch | ng Offen im Denken
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Bitrat Quality Switch Average parameter
Algorithm [hjlb?)se] switches ~ magnitude update
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Context-based ML adaptation for adaptive bitrate streaming
* (If additional (however noisy) meta-data are available then better decisions) e —
¢ Contextual Multi-armed bandits: each action, at each time step, has some Nevmy "( """" {pekeneresme, -
multi-dimenstional context information (latency per chunk,...) available Client-side
* Higher-dimensional, noisier context means longer learning times ormaon
* Approach: Enforce sparsity to shrink the context enforeing
keeping most important information [ Viost important |
* only 1 segment length (2s) between decisions -> speed up inference time ) ‘
by using less samples to update the model Quality, Adaptation

Bitrate

Segment number
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(Live) Streaming through the ML lens
ML-based Edge/Client support caching R

transport ﬂ
% . et
L
Dynamic .
Point Cloud encoding, decoding, %)
compression prediction l—.Q

Further works using ML:

- to predict the user view-port movement

- to reconfigure the ABR streaming algorithm

- to learn application specific congestion control
- to optimize content caching at the edge

and many more...
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Live Dynamic Point Cloud Encoding with VPCC B live process feedback
- Dynamic Point Cloud Super-resolution? |

From QoE to Quality-of-Result (QoR)
- complete the feedback loop

Data-plane video streaming applications
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