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Objective and Motivation	  
•  Provide rich multimedia content to users in crowded areas 

–  E.g., live sports videos on smartphones, tablets, etc. 
•  Multicast substantially reduces bandwidth requirements 
•  Method: Simple feedback mechanism to enable rate control 
•  Contribution: Experimental evaluation on ORBIT testbed 
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Multicast in WiFi 
•  AP has no information of channel 

conditions 

•  Individual packet ACKs → feedback 
flooding 

•  AP uses low bit rates to ensure 
reliable delivery of packets 

•  Improve throughput and reliability by 
adding lightweight feedback: 
AMuSe[1] 
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Packets 

Unreliable packet delivery in 
multicast 

Y. Bejerano, J. Ferragut, K. Guo, V. Gupta, C. Gutterman, T. Nandagopal, and G. Zussman, 
“Scalable WiFi multicast services for very large groups,” in Proc. IEEE ICNP’13, 2013. 



Channel Quality = 4 

Adaptive Multicast Service (AMuSe)  

 
 
 
 

•  Lowest channel quality node in a neighborhood a becomes Feedback node 
•  Abnormal nodes -- nodes with very low channel quality – always become 

Feedback nodes 
•  Number of Feedback nodes varies by cluster radius 
•  AMuSe works with any channel quality metric 
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Outline 

1.  Background - multicast in WiFi 

2.  The AMuSe Scheme 

3.  ORBIT testbed and system architecture 
4.  Experimental evaluation: 
–  Understanding the variation in channel quality metrics 
–  Impact of cluster size 
–  AMuSe evaluation in real time system with rate adaptation 

5.  Summary and Future Work 
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ORBIT Testbed 
•  20x20 grid with 400 remotely accessible WiFi nodes at Rutgers 

University 
•  4 external noise generators at corners 

Parameter Setting 

Transport Protocol UDP 

Noise On/Off AWGN 

Transmit Power 0 dBm Link Quality (LQ), > 250 nodes 

AP 



System Architecture 
•  Implemented in application layer 
•  ath5k driver modified to send beacons at 

constant bit rate 



Testbed Measurements 
•  Focus on easily measured channel quality indicators 
•  Link Quality (LQ):  

–  Vendor-specific QoS metric (different from SNR, SINR, RSSI[1]) 
–  Periodically updated at wireless cards 
–  Not calibrated across nodes 

•  Packet Delivery Ratio (PDR):  
–  Fraction of packets received at each node 
–  Estimated from detailed packet traces collected through tcpdump 

•  Objectives of measurements: 
–  Identifying the best channel quality metric 
–  Selecting the optimal cluster size for AMuSe 

[1] J. Bardwell, You Believe You Understand What You Think I Said, available online, 2004 



Link Quality with changing AP bit-rate 
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•  Marginal change in Link Quality with increasing bit-rates 
 



Packet Delivery Ratio with changing 
AP bit-rate 

        PDR at nodes, AP bit-rate 36 Mbps         PDR at nodes, AP bit-rate 48 Mbps 

•  Packet Delivery Ratios change significantly with increasing 
bit-rates 
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 Variation of Packet Delivery Ratio and 
Link Quality 

•  Even at low bit-rates, nodes with low PDRs: Abnormal nodes 
•  Nodes with same LQ have significantly different PDR 
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            PDR vs. Link Quality at 6Mbps 
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Effect of External Noise 
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•  Effects of external noise can be highly localized 
•  Link Quality does not capture the effect of external noise 
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	  	  	  	  	  	  	  	  	  a)	  LQ	  STD,	  cluster	  size	  =	  3m	   	  b)	  LQ	  STD,	  cluster	  size	  =	  6m	  
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 Variation of Link Quality in a Cluster 

•  LQ STD is very similar across all bit-rates 
•  Higher percentage of clusters reports higher LQ STD for larger 

cluster size 

13	  

Cluster Size = 6m  Cluster Size = 3m 



Rate Adaptation with AMuSe feedback	  

Heuristic Rate 
Adaptation Algorithm 

•  Goal: At least 95% of the nodes have PDR > 90% 
•  Recall: Abnormal nodes are nodes with very low PDR 
•  Heuristic rate adaptation algorithm at the AP 

–  Large number of abnormal nodes → decrease bit-rate 
–  Large number of normal nodes → increase bit-rate 
–  Otherwise keep bit-rate constant 

14	  



Rate Adaptation 

Bit-rate Adaptation at AP vs. time  
 
•  Bit-rate at AP is stable at 36Mbps 
•  The MAC layer throughput is ~20Mbps 
•  Throughput enough to support HD video 

on portable devices 

Normal and Abnormal nodes vs. time 

•  Spike in number of abnormal nodes 
corresponds to bit-rate decreases 
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•  One instance of rate adaptation for a duration of 200s 
•  Total number of nodes present in the network > 250 
•  Cluster Radius of 3m 



Rate Adaptation 
•  One instance of rate adaptation for a duration of 200s 
•  Total number of nodes present in the network > 250 
•  Cluster Radius of 6m 
•  Fewer Feedback nodes than Cluster Radius of 3m 



ORBIT: Lessons Learned 

•  Handling node failures 
•  Challenges in measuring channel quality 
•  Channel performance: 5 Ghz more reliable than 2.5 

GHz 
•  ath5k driver performance: 
–  Link Quality measures more reliable than madwifi  
–  Disconnection from AP due to changes in beacon rate 
–  No periodic reconnect requests 

•  Effects of external noise on the grid 
 



Summary	  

•  Experimental evaluation of WiFi multicast on > 250 nodes 

•  Studied variation of channel quality: 

–  Link Quality does not change with changing bit-rate or adding 
external noise 

–  Packet statistics are effective channel quality indicators 

•  Tradeoff between smaller cluster size and feedback accuracy: 

–  Larger cluster size leads to high packet delivery variability 

•  AMuSe feedback improves multicast performance significantly 
over the current standard 



Future Work 

•  Complex rate adaptation mechanisms based on 
AMuSe feedback 

 
•  Evaluate feedback selection with node mobility 
 
•  Experimental evaluation of streaming high 

bandwidth video over multicast using AMuSe 
 



Thank You!	  

Special thanks to Ivan Seskar, ORBIT testbed, Rutgers 
University 
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