
Steiner Trees 
Composition and 

Scalable Video Coding for 
Satelite Video Multicast 

Alex Binun, Yefim Dinitz, Shlomi Dolev, Ofer
Hadar, Adnan Jaber and Shevach Riabtsev

By Prof. Ofer Hadar
School of Electrical and 

Computer  Eng. 

NCA2024
Bertinoro , Italy 

24-26  Oct. 2024

1

The research was supported by the SATELLITE project
of the Israel Innovation Authority and the Rita

Altura Trust chair in computer science.



Research Group

Prof. Ofer Hadar

Divya Mishra

Dr. Raz Birman Itai Dror

Dr. Yoram 

Segal

Michael Sidorov Roie Kazoom

Shachar Shmueli Ari Granevich

Shubham Agarwal

Network Multimedia System 
(NMS) Lab 

Faina Khoroshevsky

2



Outline

• Recent research activity at the Lab of 
Network Multimedia System (NMS)

• Background and Motivation: SVC coding 
and Multicast streaming. 

• Steiner Trees.

• Our algorithm : Hierarchical Trees.

• Simulations and Results.

• Conclusions
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Recent research projects

• Teleoperation of Autonomous Vehicles (founded by the 
Israel Innovation Authority).

• Adversarial AI in Vison – Trust.ai (founded by the Israel 
Innovation Authority).

• Satellites Super resolution (founded by Ministry of Science & 
Technology). 

• Precision Agriculture (founded by the Ministry of 
Agriculture)

• Human body physiotherapy (founded by Ministry of Science 
& Technology). 

• Video QoE from Encrypted traffic - ENTM (founded by the 
Israel Innovation Authority).

• Video compression with  DNN (founded partially by Google)

• Deep Fake detection (founded by Terra Incognita program).
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בםמדארובא
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SVC vs. Non-SVC

Quality Video 
Resolution

SVC (Kbps)
Layer only

SVC (Kbps) 
Total per layers

Non-SVC (Kbps) 
H.265

Comment

Low 480p 6,200* 6,200 5,000 Constant QP=30 was set for all 
streams

Medium 720p 15,000* 21,200 18,000

High (HD) 1080p 30,000* 51,200 44,000

4K 2160p 65,000* 116,200 99,000

Crowd-run video source was taken  from https://media.xiph.org/video/derf/
Constant QP=30 was set for all streams (good or moderate quality)
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SVC vs. Non-SVC contribution

• Bitrate saming can potenitialy range from around 10% to 40% .

• It depends of the distribution of users with different requrements.

• For many distributions, using SVC pays off :

• In our case: (25%, 25%, 25%, 25%) and (0%, 40%, 30%, 20%).

• The saving of SVC with compared to Non-SVC was between 15%-25% of the 
traffic. 



Example of SVC with Spatial video 
Scalability

Only one layer : Base layer video Two layers video : Base layer + Enhacement layer 1 
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Example of SVC with spatial video scalability 
(cont.) Three layers video : Base layer + Enhacement layer 1 + Enhacement layer 2 
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Visualization of Hierarchical trees using 
HST vs. No using of HST

19



20



22



23



24



Simulation and Experiments : Visualization

• Hypatia – calculates satellite orbits and renders them 

• Satellite specifications (as TLEs) are loaded from the 
configuration file

• Satellite orbits are calculated using the library AstroPy

• Satellite trajectories are rendered :
• In a web application: using the Cesium library

• In the standalone NS-3 network simulator
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https://github.com/snkas/hypatia
https://cesium.com/platform/cesiumjs/
https://www.nsnam.org/
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Conclusions

1. Optimizing Bandwidth in Video Delivery:
• Splitting the bit stream into layers and recombining them at the client end optimizes bandwidth for various network 

conditions.
• Experiments show that encoding strategies and video content significantly influence bit stream savings.

2. Hierarchical Steiner Tree (HST) Algorithms in Network Optimization:
• HST algorithms, implemented using the SCIP-Jack solver, efficiently discover optimal routes in complex networks.
• Their efficacy is particularly noticeable in smaller graphs, reducing edge duplication and improving resource use.

3. Fault Tolerance:
• The solution is resilient to faults, ensuring that video delivery and network configurations maintain performance under 

failure conditions, improving reliability across diverse scenarios.

4. Application Areas:
• Video delivery (using SVC) and network planning (using HST algorithms) offer adaptable, efficient, and fault-tolerant 

solutions.
• Potential applications include communication networks, transportation, and logistics.

5. Broader Impact:
• These findings contribute to multimedia technology and network optimization, laying the groundwork for future research 

and practical implementations across diverse industries.
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