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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 large-scale testbed 
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Multicast in WiFi 
•  AP has no information of user 

channel conditions 

•  Individual packet ACKs → feedback 
flooding 

 
•  AP uses low bit rates to ensure 

reliable delivery of packets 

•  Objective: improve throughput and 
reliability by adding lightweight 
feedback 

Received 
Packets 

Unreliable packet delivery in 
multicast 



Channel Quality 

Adaptive Multicast Service Scheme 

 
 
 
 

•  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 feedback can be coupled with any rate adaptation algorithm 
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QoS 
Guarantees 

Standards 
Compatible 

Low  
Cost 

Abnormal Node 
Awareness 

Basic WiFi 
Multicast 

✓ ✕ ✓ ✓ ✕ 

Cellular Multicast 
(3G, LTE) 

✓ ✕ ✓ ✕ ✕ 

Leader Based 
Protocol-NACK 

(Kuri et. al, 2001) 
(Lim et. al, 2012) 

✓ ✕ ✕ ✓ ✕ 

Leader Based 
Protocol-ACK  

(Sun et. al, 2002) 
(Olay et. al, 2010) 

✓ ✕ ✕ ✓ ✕ 

Pseudo Broadcast 
(Chandra et. al, 2009) 

✓ ✕ ✓ ✓ ✕ 
AMuSe ✓ ✓ ✓ ✓ ✓ 



Outline 

1.  Background - multicast in WiFi 

2.  The AMuSe Scheme 

3.  AMuSe implementation in ORBIT testbed 
4.  Experimental evaluation of AMuSe: 
–  Understanding the variation in channel quality metrics 
–  Performance of AMuSe Feedback selection 
–  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 



AMuSe Implementation 
•  AMuSe implemented in application layer 
•  Wi-Fi ath5k driver modified to send beacons at 

constant bit rate 



Channel Quality Metrics 
•  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 

•  AMuSe can incorporate both channel quality metrics: 
–  AMuSe-LQ: for Link Quality 

–  AMuSe-PDR: for Packet Delivery Ratio 

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



 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 Interference 

1 _ _ 100 _ 100 100 _ _ _ 100 100 100 100 100 _ 100 100 _ _ 84
2 _ 100 _ _ 100 _ _ _ 100 100 _ 100 100 _ 100 _ 100 99 _ _
3 100 100 _ 100 100 _ 100 _ 100 98 100 100 _ _ 100 100 100 _ 97 _
4 _ 100 _ _ _ _ _ 100 100 _ _ 100 _ _ 100 _ 100 _ 9 99
5 _ 100 100 _ 64 _ _ _ 100 _ _ 100 _ 97 _ _ 100 100 100 _
6 _ 100 80 _ 100 _ 100 100 _ _ _ _ _ _ _ _ _ 100 100 10
7 100 _ _ _ 100 100 100 100 _ _ 82 100 100 98 88 _ 100 46 _ _
8 _ _ 100 _ 100 100 100 _ 100 _ 92 100 _ _ 83 12 100 16 99 _
9 _ _ 100 _ 100 100 _ 100 100 100 _ 100 _ _ 100 95 86 96 _ 100
10 _ 45 _ 100 100 _ _ _ _ _ _ _ _ 98 _ 100 100 _ _ _
11 _ _ _ _ 100 _ _ 100 _ 97 _ _ _ 100 _ 82 100 _ _ 100
12 _ _ 100 100 _ 100 _ _ 83 78 94 _ _ 100 _ 75 _ _ _ _
13 _ _ _ 65 _ _ _ _ 38 90 _ 100 _ 99 _ _ _ _ 75 _
14 _ _ _ _ _ 2 _ _ _ _ _ _ _ _ _ 1 100 100 _ 95
15 _ _ _ _ _ 100 _ _ _ _ _ _ 100 14 _ _ _ _ 99 _
16 _ _ _ _ _ _ 0 88 _ _ 100 _ _ 100 _ _ _ 81 _ _
17 _ _ _ _ _ _ _ _ 51 100 0 _ _ _ 100 _ 100 100 _ 85
18 _ 0 _ _ 0 _ _ _ 1 100 _ _ _ 100 100 100 _ _ _ 63
19 _ _ _ _ 92 _ 1 _ _ 100 61 _ _ _ _ _ _ _ _ _
20 _ _ _ _ _ _ 0 _ 0 _ 71 _ 0 _ _ _ _ _ _ 83
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PDR 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

1 _ _ 100 _ 100 99 _ _ _ 100 100 99 99 99 99 99 99 99 _ 96
2 _ 100 _ _ 99 _ _ _ 100 100 _ 100 100 _ 100 _ 100 99 _ _
3 100 100 _ 100 100 100 100 _ 99 98 100 100 _ _ 100 99 99 _ 97 _
4 _ 100 _ _ _ _ _ 99 100 _ _ 99 _ _ 99 _ 99 _ 7 98
5 _ 100 100 _ 75 _ _ 99 99 _ _ 100 _ 99 _ _ 99 99 100 _
6 _ 100 82 _ 100 _ 100 99 _ _ _ _ _ _ _ _ 99 99 99 99
7 100 _ _ _ 100 99 99 100 _ _ 80 99 99 100 99 _ 100 31 _ _
8 _ _ 99 _ 100 100 99 _ 99 99 99 100 _ _ 99 99 99 21 99 _
9 _ _ 100 _ 100 99 _ 99 99 99 _ 100 _ _ 99 96 99 98 _ 100
10 99 97 _ 100 100 _ _ 66 _ _ _ 99 _ 98 _ 99 100 _ _ _
11 _ _ _ _ 99 98 _ 99 _ 99 _ _ _ 99 _ 99 99 _ _ 99
12 _ _ 100 99 _ 99 _ _ 97 79 99 _ _ 99 _ 72 _ _ 99 _
13 _ _ _ 99 _ _ _ _ 99 99 0 99 _ 99 _ 99 _ _ 99 _
14 _ _ _ _ _ 99 _ _ _ 99 _ _ _ _ _ 99 99 100 _ 99
15 _ 99 _ _ _ 100 _ _ _ _ _ _ 99 99 _ _ _ _ 99 _
16 _ _ 74 _ _ _ 99 99 _ 88 99 _ _ 99 _ _ _ 99 _ 100
17 _ _ 99 _ _ 99 99 _ 99 99 99 _ _ _ 100 _ 100 99 _ 99
18 _ 100 _ _ 49 _ _ _ 72 99 98 _ _ 99 99 99 _ _ _ 63
19 7 _ 81 _ 99 99 99 _ _ 99 100 _ _ 51 _ _ 100 _ _ _
20 _ _ 99 _ _ _ 99 _ 99 _ 99 _ 99 _ _ _ 99 _ _ 75

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

PDR 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

•  Effects of external noise can be highly localized 
•  Link Quality does not capture the effect of external noise 

 

         PDR at nodes, External Noise -35dbm         PDR at nodes, External Noise -70dbm 

-70dbm -35dbm 

AP AP 



 Feedback Node Selection Evaluation	
  
•  Offline Evaluation: Rate adaptation and feedback selection at 

AP are off 
•  Collect traces from nodes to decide which node is a FB node 

1 _ _ 100 _ 100 99 _ _ _ 100 100 99 99 99 99 99 99 99 _ 96

2 _ 100 _ _ 99 _ _ _ 100 100 _ 100 100 _ 100 _ 100 99 _ _

3 100 100 _ 100 100 100 100 _ 99 98 100 100 _ _ 100 99 99 _ 97 _

4 _ 100 _ _ _ _ _ 99 100 _ _ 99 _ _ 99 _ 99 _ 7 98

5 _ 100 100 _ 75 _ _ 99 99 _ _ 100 _ 99 _ _ 99 99 100 _

6 _ 100 82 _ 100 _ 100 99 _ _ _ _ _ _ _ _ 99 99 99 99

7 100 _ _ _ 100 99 99 100 _ _ 80 99 99 100 99 _ 100 31 _ _

8 _ _ 99 _ 100 100 99 _ 99 99 99 100 _ _ 99 99 99 21 99 _

9 _ _ 100 _ 100 99 _ 99 99 99 _ 100 _ _ 99 96 99 98 _ 100

10 99 97 _ 100 100 _ _ 66 _ _ _ 99 _ 98 _ 99 100 _ _ _

11 _ _ _ _ 99 98 _ 99 _ 99 _ _ _ 99 _ 99 99 _ _ 99

12 _ _ 100 99 _ 99 _ _ 97 79 99 _ _ 99 _ 72 _ _ 99 _

13 _ _ _ 99 _ _ _ _ 99 99 0 99 _ 99 _ 99 _ _ 99 _

14 _ _ _ _ _ 99 _ _ _ 99 _ _ _ _ _ 99 99 100 _ 99

15 _ 99 _ _ _ 100 _ _ _ _ _ _ 99 99 _ _ _ _ 99 _

16 _ _ 74 _ _ _ 99 99 _ 88 99 _ _ 99 _ _ _ 99 _ 100

17 _ _ 99 _ _ 99 99 _ 99 99 99 _ _ _ 100 _ 100 99 _ 99

18 _ 100 _ _ 49 _ _ _ 72 99 98 _ _ 99 99 99 _ _ _ 63

19 7 _ 81 _ 99 99 99 _ _ 99 100 _ _ 51 _ _ 100 _ _ _

20 _ _ 99 _ _ _ 99 _ 99 _ 99 _ 99 _ _ _ 99 _ _ 75

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

PDR 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

AP

-70

30 FB node selected by the AMuSe(PDR) algorithm

Snapshot of emulating feedback selection 
from metrics for AMuSe-PDR scheme. System Architecture for Offline Evaluation 



 Feedback Node Selection Evaluation 

•  Compared different feedback selection schemes: 
–  AMuSe-PDR 
–  AMuSe-LQ 
–  K-random: K randomly selected Feedback nodes 
–  K-weakest-LQ: K Feedback nodes with weakest[2] Link Quality 

•  Metric: Poorly represented nodes  
–  Not represented well by feedback nodes 
–  Cases where high packet losses are missed by Feedback node 

•  Poor feedback selection → higher number of poorly 
represented nodes  

[2] X. Wang, L. Wang, Y. Wang, Y. Zhang, A. Yamada, Supporting MAC Layer Multicast in 
IEEE 802.11n: Issues and Solutions, in Proc. IEEE WCNC’09, 2009.   



Feedback Node Selection Performance 

Poorly represented nodes vs. number of feedback 
nodes, no external noise, bit-rate = 48Mbps 
 
•  AMuSe-PDR leads to 0 poorly represented nodes 
•  AMuSe-LQ and K-weakest-LQ scheme perform 

similarly 
 

Poorly represented nodes vs. noise power at one 
corner, 27 feedback nodes, bit-rate = 12Mbps 

 
•  All schemes except AMuSe-PDR show 

performance degradation as noise increases 
 

•  One experiment results in traces of ~300-400 megabytes at each node 
•  Each data point represents average over 5 experiments on different days 
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AMuSe-PDR Based Rate Adaptation	
  

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 



AMuSe-PDR Based 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 



Summary	
  

•  Designed and implemented a scalable, efficient, and 
low cost feedback selection scheme: AMuSe 

•  Experimental evaluation of AMuSe on > 250 nodes: 
–  Provided insight into aspects important for AMuSe design 
–  AMuSe feedback selection outperforms other related 

schemes 
–  Implemented an online rate adaptation algorithm using 

AMuSe 

•  AMuSe improves multicast performance significantly 
over the current standard 



Future Work 

•  More complex rate adaptation mechanisms with 
fast response to noise 

•  Consider impact of non-grid topologies 
 
•  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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