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Summary of This Paper

 Low-Power wireless networks employ radio duty cycling to 
reduce energy consumption.
♦ But duty cycling drastically increases the risk of radio collisions, 

resulting in power-expensive retransmissions or data loss.

 STRAWMAN is a contention resolution mechanism 
designed for low-lower duty-cycled networks.
♦ Experience traffic bursts

♦ It efficiently resolves network contention, mitigates the hidden 
terminal problem

3



Background : Radio Duty Cycling

 Radio duty cycling aggravates the risk of data collisions, 
especially in networks that experience traffic burst

 Contention-based Low-power MAC protocol
♦ Sender-initiated MAC protocol

 The sender keeps track of past neighbor wake up times, and wake up to 
start a data transmission just as it expects the receiver to wake up.

 This protocol in lossy networks may cause congestion

♦ Receiver-initiated MAC protocol

 It use data probes :node wake up periodically and probe for incoming 
data with a probe transmission.

 Compare to sensor-initiated protocol, receiver-initiated protocol may offer 
lower congestion and higher throughput
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Background : Traffic Peaks [1/2]

 Many Networks inherently induce traffic peaks
♦ Such as, an alarm network, bulk downloads of sensor data, etc.

 Traffic peaks increase the risk of radio collisions in a duty-
cycled network.
♦ Data collisions occur when multiple transmissions arrive at a 

receiver simultaneously, causing data loss and retransmissions.

♦ The risk of data collisions is aggravated in duty-cycled networks, 
since a receiver is awake less, and thus has fewer opportunities to 
receive data. 

♦ In network with bursty traffic, backoff mechanisms result in high 
latency and energy costs, since data packets may again collide at 
the receiver when they are retransmitted.
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Background : Traffic Peaks [2/2]

 A simple experiment
♦ How random backoff behaves in a congested network, using both a 

receiver-initiated and a sender-initiated protocol. 

♦ The experiment is performed on the TWIST testbed, where a large 
set of neighbors send data to a single node, causing severe network 
congestion.

♦ This experiment shows that receiver-initiated protocols have better 
performance than sender-initiated protocols in severely congested 
networks, and that random backoff does not fully avoid data 
collisions. 
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What is the problem?

 The RTS(Request To Send)/CTS(Clear To Send) 
mechanism can be used to solve the hidden terminal 
problem.

 In Low-power wireless networks, traditional RTS/CTS 
mechanism can induce a high overhead. 
♦ In receiver-initiated protocols, the problems of traditional RTS/CTS-

based protocols are further aggravated

♦ Due to the implicit sender-synchronization by data probes, the RTS 
messages themselves collide at the receiver.

 Traffic peaks increase the risk of radio collisions in a duty-
cycled network.
♦ Data collisions occur when multiple transmissions arrive at a 

receiver simultaneously, causing data loss and retransmissions
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What is the problem?

 Also, in networks with sudden bursty traffic, 
♦ It cause radio collisions and power-expensive retransmission in the 

network
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STRAWMAN [1/3]

 STRAWMAN is a contention resolution mechanism
♦ copes with hidden terminals and is designed for receiver-initiated 

MAC protocols

♦ leveraging the implicit sender synchronization due to receiver-
initiated operation

 Upon detecting data packet collision,
♦ indicated by radio activity that exceeds the Clear Channel 

Assessment (CCA) threshold, the receiver sends a COLLISION 
REQUEST packet.

♦ Strawman dynamically and instantaneously enables increased 
networks capacity by quickly receiving data from several neighbors, 
and zero overhead.

 STRAWMAN at works MAC layer
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STRAWMAN [2/3]

 Strawman’s COLLISION and DECISION packets provide a 
functionality similar to RTS/CTS handshakes, but allow 
multiple transmitters to request access to the channel 
simultaneously.
♦ COLLISION packet

 The random lengths of COLLISION packets effectively determine which 
transmitter is granted access to the channel

♦ DECISION packet
 The receiver broadcast a DECISION packet, containing the longest

measured length implicitly

 informing the corresponding transmitter that it is now granted access to 
the channel

 Strawman reduces contention by multi-channel operation
♦ The receiver randomly selects which radio channel the senders 

should use.
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STRAWMAN [3/3]

 STRAWMAN sender “draw straws” to gain channel access
♦ by simultaneously transmitting COLLSION packet with randomly 

picked length, resulting in a deliberate collision

♦ The receiver needs to measure the duration of the collision and 
broadcast a DECISION packet, containing the longest measured 
length implicitly

♦ The sender with the longest COLLISION packet gains channel 
access and send its packets

♦ The process is repeated until all packets are sent
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Implementation

 They have implemented STRAWMAN on Contiki
♦ targeting the Tmote Sky platform equipped with 802.15.4-compliant 

CC2420 radios

 They use implementation of RI-MAC to evaluate 
STRAWMAN’s performance
♦ For comparison, they build another version of RI-MAC with a 

random backoff-based contention resolution mechanism

♦ Length estimation

 The authors implement the transmission of COLLISION packet as 
802.15.4 frame transmission

♦ Alleviating channel noise
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Implementation

 Figure 4 shows a signal strength profile of a STRAWMAN-
enable
♦ one receiver and ten contenders in the same collision domain

♦ The individual Strawman rounds can be identified by the signal 
strength patterns

♦ At the rightmost side of the picture, only one contender is left.

♦ As a result, the COLLISION phase is shorter

 with fewer contenders the probability to be granted channel access with 
a smaller COLLISION

 length increases.
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Evaluation

 They evaluate STRAWMAN’s performance along several 
dimensions
♦ Our technique for estimating the length of COLLISION packets, 

which determines which node is granted channel access, is 
accurate in a range of different situations.

♦ Strawman has no overhead when data collisions do not occur, and 
a limited energy cost when data collisions are resolved

♦ A Strawman-enabled MAC protocol can sustain a range of different 
traffic loads, quickly reacting to changing conditions, and does so by 
evenly allocating the available bandwidth

♦ Strawman’s performance is a result of its ability to cope with hidden 
terminals efficiently

♦ In a realistic scenario using standard tree routing protocols, 
Strawman makes the network much more robust to sudden traffic 
bursts and significantly reduces the corresponding energy overhead
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Evaluation_ Collision Length Estimation [1/2]

 STRAWMAN relies on accurately estimating COLLISION 
lengths.
♦ If the COLLISION packet is underestimated

 Multiple contenders ma transmit DATA packet simultaneously, causing 
collisions.

♦ If the COLLISION packet is overestimated

 No contender will send its DATA.

 To Evaluation, They use two TMote Sky nodes configured 
as receiver and contender.
♦ They use two different distance between the nodes

 A near-by contender is placed 0.5m

 A distant contender is 10m
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Evaluation_ Collision Length Estimation [1/2]

 STRAWMAN accurately estimates the lengths of 
COLLISION packets
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Evaluation_ Energy Cost of Resolving Collision

 STRAWMAN makes networks robust against traffic bursts, 
but has an energy cost when used
♦ If the network is constantly overloaded with traffic, queues of 

pending packet form than induce an energy cost in the network

 They perform an experiment to demonstrate the 
relationship between network traffic, number of contenders, 
and the radio duty cycle

 Setting
♦ They simulate a network with a single receiver and four contenders 

in Cooja, which allows us to have perfect control of the system 
execution

♦ Every contender generates a DATA packet once every 4 second 
and the nodes’ wake-up intervals from four times per seconds to 
once every 32 seconds.
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Evaluation_ Energy Cost of Resolving Collision

 Result
♦ The average radio duty cycle for contenders against their configured 

Wake-up interval

♦ As the wake-up interval increases, collisions occur more often and 
Strawman intervenes to reschedule DATA packets.

♦ Strawman’s cost of rescheduling colliding DATA packets is indeed 
the difference between the single and the multi-contender curves.

♦ This experiment also demonstrates that Strawman networks are 
robust with regards to the configuration of the wake-up interval.
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Evaluation_ Different Traffic Loads [1/4]

 They evaluate the performance of Strawman in sustaining a 
range of different traffic loads, especially in terms of the network 
capacity provided against different network demands.

 Setting
♦ Use 100 TMote Sky sensor node

 That provides a particularly dense network

♦ A dense network has a potentially large number of contenders, which is 
beneficial to study the performance of Strawman

♦ Testbed includes a single receiver node probing the channel for data 
once per second

♦ The payload size of the DATA packets is 110 bytes
 including the overhead of the network stack, this corresponds to a maximum 

sized 802.15.4 frame. 

♦ They repeat the experiment using a wide range of data generation 
rates
 from roughly one DATA packet per minute, up to 2 DATA packets per second. 
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 Figure 7 shows the receiver Goodput against varying traffic 
loads for both Strawman and random backoff, in 
logarithmic scale.
♦ The experiment logs show that Strawman successfully funnels over 

15 DATA packets each wakeup, in comparison with random 
backoff’s 8.6 packets.

 Figure 8 shows the corresponding results in the same 
range of data generation rates of Figure 7 in logarithmic 
scale. 
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Evaluation_ Different Traffic Loads [3/4]

 The detection of neighbors’ ongoing transmissions is 
strongly influenced by the CCA (Clear Channel 
Assessment) threshold.
♦ it also affects the occurrence of hidden terminals, since contenders 

become more or less sensitive to hearing each other

 To investigate how Strawman is affected by the CCA 
threshold configuration, they repeat the experiments 
previously discussed using a fixed data generation rate
♦ each node generates 15 DATA packets per minute, and we vary the 

CCA threshold across different repetitions.
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Evaluation_ Different Traffic Loads [4/4]

 Figure 9 shows the goodput for different values of CCA 
threshold, ranging from -95 dBm to -65 dBm.
♦ When the CCA threshold is set to low values, Strawman cannot 

distinguish COLLISION packets from background noise and does 
not schedule any DATA packets.

♦ When the CCA threshold is set to a high value, Strawman cannot 
detect weak COLLISION trans-missions and ignores contenders far 
from the receiver. 
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Evaluation_ Reacting to Sudden Traffic Bursts 
[1/3]

 They study how STRAWMAN handles intense traffic 
surges in which multiple contenders attempt to transmit at 
full speed to a single receiver, and in particular how 
Strawman allocates the bandwidth among contenders 
when new bursts are introduced into the network.

 Setting
♦ 1-hop network with 8 TMote Sky nodes running RI-MAC with 

STRAWMAN

♦ Seven of the nodes are configured to always contend for permission 
to transmit data to the single receiver

♦ The number of active contenders during the experiment varies at 
intervals of 10 seconds

♦ Each data packet has a payload of 100 bytes
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 Figure 10 shows an excerpt of the Goodput measurements 
over time.
♦ The remaining contenders are then progressively deactivated, one 

every 10 seconds, until the system is back to a condition with only 
node #1 is active.

♦ The chart brings two fundamental insights

 Strawman instantaneously matches changed traffic conditions; when the 
number of contenders suddenly increases from 1 to 7, Strawman quickly 
reacts without a significant reduction in the total goodput.

 As the number of contenders varies, Strawman evenly divides the 
available bandwidth among the contenders in the system; in the long run, 
this results in a fair allocation of bandwidth resources.
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Evaluation_ Reacting to Sudden Traffic Bursts 
[3/3]

 To provide a quantitative assessment on the overall 
goodput performance in this experiment, Figure 11 shows 
the average goodput depending on the number of active 
contenders
♦ The chart therefore shows that STRAWMAN successfully keeps the 

link almost saturated independently of the number of contenders

25



Evaluation_ Multi-hop Data Collection

 The impact of STRAWMAN in a realistic network scenario
♦ By setting up a data collection network over a multi-hop topology

 Setting
♦ Use 82 nodes in the TWIST testbed

♦ To use a lower transmission power mode to promote multi-hop 
topologies

♦ The resulting network setup stretches across at least 4 hops

 Throughout the study, we compare Strawman against the 
random backoff-based version of RI-MAC
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Evaluation_ Multi-hop Data Collection

 Three different traffic patterns
♦ No traffic (NT) 

 no radio traffic. 

 This profile serves to demonstrate Strawman’s sensitivity to external 
noise and provides a baseline for the bursty traffic experiment.

♦ Periodic traffic (PT) 

 each node generates a DATA packet every 5minutes, on average. 

 This allows us to study how Strawman handles sporadic collisions, 
mostly due to hidden terminals.

♦ Bursty traffic (BT) 

 after making sure routes are stable, we disable route maintenance and 
instantaneously generate one DATA packet each on 8 randomly-selected 
nodes. 

 This generates a sudden surge of traffic that yields intense collisions 
across multiple hops leading to the sink, which is the scenario we target.
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Evaluation_ Multi-hop Data Collection

 Result
♦ All 8 packets included in a traffic burst are always delivered to the sink 

in either configuration.

♦ Already with no radio traffic (NT), Strawman slightly reduces the 
necessary radio duty cycle. 
 We attribute this behavior to its ability to more quickly distinguish channel 

noise from actual transmissions. 

 In particular, when RI-MAC mistakes channel noise for DATA and sends a 
COLLISION REQUEST packet, STRAWMAN immediately expects a 
COLLISION packet in reply. 

♦ Under periodic traffic (PT), the STRAWMAN-enabled network has a 
lower radio duty cycle than the backoff-based RI-MAC network
 This improvement is due to STRAWMAN’s ability to immediately resolve 

collisions thus avoiding the need for later retransmissions.

♦ To quantify the net energy overhead due to radio communication under 
bursty traffic (BT), we subtract the NT radio duty cycle discussed above 
from the total radio usage during each burst.
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Evaluation_ Multi-hop Data Collection

 Table 1 shows energy consumption figures under different 
traffic profiles.

 As a result, STRAWMAN makes the network much more 
robust against sudden traffic bursts, by reducing the 
energy overhead of contention resolution when collisions 
occur.
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Conclusion

 In this paper, They present STRAWMAN, a new contention 
resolution mechanism for low-power wireless sensor 
networks
♦ It is activated only upon detecting data collisions

♦ STRAWMAN leverages synchronized packet collisions to implement 
efficient and fair contention resolution among hidden terminals

 They have implemented and evaluated STRAWMAN in a 
receiver-initiated protocol, where it replaces the traditional 
backoff-based mechanism
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Thank you for your attention!

Any Questions ?
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