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System description 

  Live broadcast platform. CIF video subsampled in 4 QCIF 

  Video source distributes video stream to peers in multipoint 
fashion distributed in different multiple descriptions trees 

  Video encoded with an H.264 multiple description encoder 

  Multipoint achieved with P2P approach configuring a 
multiple tree-structured overlay network 

  N=85 peers (5 classes) organized in M trees. F is the fan-
out parameter 
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No peer churn but: 

•  Application is considered “stable” 
•  Focus on bandwidth fluctuations 
•  Churn handled in other multicast tree 

applications with local/centralized tree 
control at the cost of some additional 
signalling (CoopNet/SlitStream) or Zag+
(??)  
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Video source (1/2) 
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Exponentially-weighted moving average (EWMA) 



Generic peer 
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NETWORK CONSTRUCTION 
AND MANAGEMENT 

7 NEM Summit 2011 - Turin 



Tree construction algorithm (1/2) 
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  N peers belonging to 5 classes and M trees 
  Each peer is internal in one tree and leaf in M-1 trees 
  Example for M=2. nDST and nDRT (non-distributed 

structured/random tree) 
Main tree 
  Peers estimates uplink bandwidth towards all the others. 
  Every 10 secs they send all values to Topology Manager 
  Every 30 secs it chooses the F peers with highest uplink 

bandwidth and connects them as children of the source 
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Secondary tree 

•  First, each peer leaf of the main tree is chosen and 
sorted in decreasing order of uplink bandwidth 

•  Then, they are connected in a top-down manner filling 
each level 

Tree construction algorithm (2/2) 

N=24, M=2, F=3 
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Bandwidth generation process 
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  We generate uplink bandwidth behaviour capturing first 
and second-order statistics for a given peer. 

  We used a modified version of the Switched Batch 
Bernoulli Process (SBPP), the most general Markov 
modulated process in the discrete-time domain. 

  4 states for Markov transition matrix, 1 sec slot, 60 secs 
mean permanence 

  Standard deviation = 2.4 secs and mean value = [(h-
(C-1))⋅10%+1]⋅W[i] 

  EWMA control parameter = 0.8 
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Temporal analysis (1/3) 
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  nDST dataset with F=2 and N=85 

  Generated trees have 6 levels where the last one contains 
22 leaves 

Bandwidth 
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Temporal analysis (2/3) 
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Levels 
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Temporal analysis (3/3) 
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Number of Children 
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VIDEO CODER STRUCTURE 
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H.264/SVC - ILPS 

  As first interpretation, each layer can be coded 
independently from the others 

  It is possible to exploit the redundancy by predict each 
layer from the lower layer 

  Techniques applied 

-  prediction of macroblocks  
-  prediction of motion vectors  
-  prediction of residual 

  Provides spatial and coarse grain scalability 
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Multiple Description Coding 

  From the original sequence, several subsequences are 
obtained in different ways 

  Each independently decodable subsequence is called 
description 

  Receiving all description, ideally recovers the sequence 
with original quality  

  Most common multiple description algorithms 

-  Spatial MDC 
-  Temporal MDC 
-  SNR MDC 
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Redundancy 

•  Adjacent pixels are clearly correlated 
•  How to reduce redundancy? 

– Differential encoding of some sub-sampled 
descriptions 

– Exploit some form of more complex prediction 
among some of the descriptions 

Description 1 

Description 2 
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Translated onto H.264 

•  Use scalability options of H.264/SVC 
•  Subsampling performed before the coder to be (almost) 

fully compatible 
•  H.264/SVC is a layered coder with several tools to remove 

redundancy among layers 
– Prediction of macroblocks using up-sampled lower 

resolution signals  
– Prediction of motion vectors using up-sampled lower 

resolution motion vectors  
– Prediction of residual signals using up-sampled residual 

signals of the lower resolution layer 



  Start from the PSS-MD scheme 
  Instead of independently code and transmit four 

descriptions, it couples two subsampled subsequences to 
form a description 

  Use the ILPS to exploit the redundancy between the 
subsequences that form the description 

ILPS – MDSC algorithm 
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RESULTS 
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Case Study 
  Coder used: H.264/SVC ver. 8.1 with this parameters: 

-  YUV 4:2:0 CIF sequence with 24 fps 
-  ¼ pixel accuracy for motion estimation 
-  Single reference frame 
-  GOP size of 8 
-  I frame every second 
-  16x16, 16x8, 8x16, 8x8 inter-prediction block with SAD metric 
-  Context-based binary arithmetic coding 
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Unbalanced descriptions 

Different cases of received descriptions 

Performances with unbalanced descriptions 



Results (1/2) 

Two children, non distributed Two children, random 
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Conclusions 

•  Increasing the number of information received, the 
performances of the multiple description algorithm 
increase 

•  Best when both description are fully received 
•  The proposed tree construction algorithm (nDST) 

outperforms the random trees (nDRT) 
•  The fifth class shows worst performances due to the lower 

bandwidth available to the peers 
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