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INTRODUCTION LA

x CSMA
7 / +FuIIy distributed

Low Implementation compIeX|ty \
me problem... M W\
////;;H{,-', !l 'III l‘ .
Free Receiver (R;) Interfered Receiver (R;)
.‘—(D Pkt. Txn. Attempts | 964 (+/-0.8)pkts | 954 (+/— 0.8) pkts
------------ Rxn. Succ. Ratio | 100 (+/- 0.0)% 25.8 (+/- 14.1)%
(a) (b.)

| .’;_; - Fig. 1. (a.) A simple topology to show the hidden terminal problem: (b.)
the 75% packet loss from T to Ry is a huge energy penalty to the network.



INTRODUCTION

x To improve CSMA

+ There may be a correlation between the transmitter
and receiver channel state.

+ For each transmitter, the state of the wireless
channel at each potential receiver Iin its radio range
IS unique.
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% Channel Feedback Mechanism

y/ + P03|t|ve Feedback

x Receiver send an ack for each pacl

erlodlc Feedback

wqr send an aggne; ed ack after s
a eC-iﬂfsd mber of packe
/
[ 1
| | |




E-CSMA DESIGN

x Periodic Feedback

Time
|

_
|




E-CSMA DESIGN

x Transmit/Defer Decision(Condition 1)

+ Transmit only if historically the transmit to the
receiver succeeded at least a fraction a when the
RSSI fell in the same bin as the current RSSI.

+ As ¢ increases the probability of channel loss
decreases, but delay and the probability of packet
drops at the transmitter queue increase.




- ECSMADESIGN LN
/ MAC(Condltlon 2) i\

//// mlllm

C' < ThresholdB_MAc = fewma (Noise Floor) — Bias

[ TT7T] j




E-CSMA DESIGN

x Medium Access Strategy

on 2 Condition 1 Condition 2 Condition 1
\ J\ ]
1 \
T 1-T
rt? JTEWMA (E—CSMA Succ. Ratio) :_;} l +8:

fEwMA (CSMA Succ. Ratio)
T B fEwMA (E—CSMA Succ. Ratio) s
TH_I T£ T L, fEwMA (CSMA Succ. Ratio) < l 0

0, otherwise.




EXPERIMENT

x Testbed configuration

+ Comprises 31 Mica2 motes arranged in a roughly
rectangular grid.

+ Multi-neighborhood

+ Node x is a neighbor of node vy, if the packet
delivery ratio of transmission from x to y is at least
80%

+ Transmit power: -10dBm




EXPERIMENT]

x E-CSMA Performance Metrics

-+

| ink Tax = (Packets dropped across a
Ink)/(Packets received across a link)

_ink Fidelity = Packets received across a link

Link Power = (Link Fidelity)/(Link Tax)




EXPERIMENT

x Decision Input Value

Selection

+ Raw RSS vs. Outlier Magnitude

+ The Raw RSS tends to be noisy
and can lead to a false
indication of channel state

+ The Outlier Magnitude is based
on an EWMA of recent RSS
samples that provides a more
stable value stream

+ Use Outlier Magnitude as the

input value set for the
remainder of the experiments

1.6

1.4

1.2

0.8
0.6
04t

Link Tax (Ratio)

L S

Raw RSS —+—
Qutlier Mag.

0.2
10 20 30 40 50 60 70 80 90
Success Probability Threshold = Alpha x 100 (%)

Fig. 3.

(a)

Comparison of ‘Raw RSS’ and “Outlier Magnitude® in terms of
average (a) Link Tax and (b) Link Fidelity, as candidates for the E-CSMA
decision input value. Outlier Magnitude outperforms Raw RSS by leading to

Link Fidelity (Packets)

110

100 F

90
80
70
60
50
40

Raw RSS
Qutlier Mag_ ...... IV

10 20 30 40 50 60 70 80 90
Success Probability Threshold = Alpha x 100 (%)

(b)

fewer dropped packets per delivered packet network wide.




EXPERIMENT

x Impact of success Probability Threshold
+ UseT=1
+ As ¢ increase, Link Tax decrease and Link Fidelity also decrease
+ Use a =0.9 for remaining experiment

1.4 350

. Ideal feedback —— _ 1o} . Ideal feedback ——
o 00l o ] 300 | Positive feedback -~
= w2, Periodic feedback —-m % e Periodic feedback =
= 1 $— " 90 | 1 5 250 |
g e i'-a. g [ W - %
% 08| ~— =2 8 . ! o 200
= H‘HH T i = 70 E_ . T g [ | s _E ?/_-__J.
?:: 0e b I E i = 150 L -
£ = 60|  Idealfeedback —— "~ - I A
04 | E Positive feedback ———- 100 fooe—t" i
= 50 I Periodic feedback - m-. ~ I e S
f2l—— 0n— R e
i0 20 30 40 50 &0 70 80 40 10 20 230 40 BO &0 70 &80 90 10 20 30 40 &0 &0 70 80 90
Success Probability Threshold = Alpha x 100 (%) Success Probability Threshold = Alpha x 100 (%) Success Probability Threshold = Alpha x 100 (%)
(a) (b) (c)

Fig. 4. TImpact of o on (a) Link Tax. (b) Link Fidelity, and (c) Link Power for the ideal. positive and periodic feedback schemes.




EXPERIMENT

x The Impact of E-CSMA Duty Cycle
+ T=0, plain B-MAC
+ T=1, all traffic is sent using E-CSMA

Link Tax (Ratio)

1'4&1\ ' Ideal feedback —— 120 ' [deal feedback
1.2 i Positive feedback - | w 10r Positive feedback - 1
’ Periodic feedback —a— T 400 | ) Feriodic feedback -m-. |
1T \ \ 1 E ao T i S | E
" ", et -
ol 'i — '.--.__..-.-. i _"‘:.:._ a0 I . [— n . . DC_)
— T N e
Ua | H‘\-\.,_ .. E ?I:I e . e 5
L = BOL | S - ;
04t t _\_\_\__\_;‘E-—.. .. 5 g0 | s —_— ]
-|_\_\_\____ ..,____.?
UE 1 1 1 1 40 1 1 1 1
0 20 40 60 80 100 0 20 40 &0 ao 100
E-CSMA Duty Cycle = T x 100 (%%) E-CSMA Duty Cycle =T x 100 (%)

(a) (b)

350 ideal feadback ——
ao0 | Positive feedback -
Periodic feedback — =
250
200 _
150 ]
[ S
100 ..-_-'_"_'i" """ i -y "
_ f..‘--.-i-
so ¥ : . , ,
0 20 40 80 80 100

E-CSMA Duty Cycle =T x 100 (%)

(c)




EXPERIMENT

x |mpact of Traffic Load
+ Every curve decreases sharply with increasing rate as channel
contention.
+ Positive E-CSMA maintains a small Link Power advantage over Periodic
E-CSMA

1600 . . . .
Ideal f/b, T=0.8 ——
Ideal f/b, T=0 -—--=--—
1400 Positive fib, T=0.8 - m--
Positive f/b, T=0 o
-2 Periodic f/b, T=0.8 -- -
e Periodic f/b, T=0 &
5 1000 1 50
i N
3 T b
o 800 F % .
£ i S "
3 el B e
AN RN e
m‘\\.‘\ . (R -
400 - - \\ o
RN
200 |
0 o T ——

0 05 1 15 2 25 3 35 4 4.5 5
Source Rate (packets/sec)

Fig. 6. Link Power versus offered load (per node) for the ideal, positive and
periodic feedback schemes. Source rate on the x-axis is for each of the 31
concurrent sources. A zoom of the tail of the bottom five curves 1s shown as
an inset at the same x-axis scale (from 3 to 5 packets/sec).




EXPERIMENT

x Importance of Receiver Differentiation
+ It Is important to maintain per-receiver state data.

5 T . . . 7 —
] 3 Ideal #/b, T=0.8
45| _ Idealfeedback —— | ) ER Positive b T-0.8 =
o 4 | Positive feedback - g il o *, Periodic /b, T=0.8 ----x-—--
= Periodic feedback - / = X, '
fis 35 ¢ S ’ T 5r
@ 3 SR 1 @
§ 25| S § ol x\._
£ 2] ’is g’ —1 x 3] A \,; ;
= 15 "l_ | n [ — R
1 T—f‘i" 2 +#-"—f———+——_j_ 4-{
0.5 - - . 1
40 &0 80 100 0 05 1 15 2 25 3 35 4 45 5
E-CSMA Duty Cycle = Tx100 (%) Source Rate (packets/sec)
(a) (b)

Fig. 7. The Link Power Ratio, i.e., the Link Power of baseline E-CSMA
over the Link Power of E-CSMA,cighporhood. shows the advantage of using
per-neighbor probability distributions over per-neighborhood. (a) shows the
advantage across values of T, where at T =0 (B-MAC) the ratio is | since
the transmit/defer decision does not involve the distributions. (b) shows the
advantage across source rate, where at all tested rates baseline E-CSMA
performs better (Ratio > 1) for all feedback schemes.




CONCLUSION

x Fully distributed MAC framework targeted at
increasing the chance of successful packet
reception in wireless sensor networks using
carrier sensing.

x The efficacy of E-CSMA in reducing average link
tax with a relatively small decrease in average
link fidelity has been demonstrated.




