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Abstract—This paper proposes a new Random Channel Selection 
scheme with probabilistic backoff, called RCS, for a class of mul-
ti-channel MAC protocols in heavy loads WSNs to tackle the 
channel conflict problem. By adopting RCS, a node can reduce 
the probability of selecting a busy channel for data communica-
tion. Therefore, RCS can avoid data packet collision, and thus 
conserve more energy to extend the lifetime of WSNs. More im-
portantly, RCS is fully distributed with no requirements of time 
synchronization or multi-radio, so it is practical to realize RCS in 
resource-constrained sensor nodes. In theoretical analysis, the 
probability of a channel conflict creation and the average num-
ber of misunderstood channels are obtained, which can guide the 
configurations of RCS. More importantly, RCS is evaluated in 
both simulation and testbed experiments, and results indicate 
that as the number of channels and loads increase, RCS signifi-
cantly improves throughput and energy efficiency as well. 

I. INTRODUCTION 
To remedy the drawback of single channel MAC protocols, 

the multi-channel MAC protocols (mcMAC) [1] [2] [3] have 
been proposed to improve the performance of WSNs via paral-
lel transmissions, which are supported by the current sensor 
nodes, such as MICA2 with more than 50 channels.  

A mcMAC consists of channel selection and media access. 
Channel selection decides how to select idle channels for nodes 
in order to optimize the performance of WSNs; whereas media 
access decides when and how nodes access the channels that 
have been selected for them. This paper focuses on channel 
selection schemes, which can be classified as static and dynam-
ic. In static schemes such as [1], every node in the network 
chooses a dedicated channel to receive data, and switches to 
other channels to send data. Static schemes have to guarantee 
to select different channels for nodes within two-hop neighbor-
hood to avoid collision. Thus, the number of channels required 
in static schemes is at least as large as two-hop node number 
[3]. To tackle this issue, dynamic schemes such as [2] [3] [4] 
assign channels to node-pairs on demand. Thus, the number of 
channels required in dynamic schemes is at most half of the 
two-hop node number plus one [3], which is the number of 
Control Channel (CC) for Data Channel (DC) reservations. 

Dynamic channel selection schemes can address problems 
in static schemes, but they sometimes fail to provide satisfacto-
ry performance due to the Channel Conflict Problem (CCP). As 
shown in [3] [5], CCP is one of the most significant sources of 
energy wastage in multi-channel scenario. CCP results from 
that the usage information of a channel may not be timely 
learned by all senders. Therefore, when a sender selects an 
Assumed Idle DC (AIDC) for data communication, this channel 
may be already being used by other nodes.  

 
Figure 1.  The illustration of channel confliction  

An illustration of CCP is given in Fig.1, which involves 
one CC and two idle DCs. When node ܵ has data for node ܴ, ܵ 
randomly selects an idle DC such as DC1 and puts reservation 
information (e.g., who will occupy which channel for how 
long) into a ܴܶܵ sending to ܴ on the CC. Then, to confirm this ܴܶܵ, ܴ sends a ܵܶܥ back to ܵ. Next, they switch their chan-
nels to DC1 around time ݐଵ. All the neighbor nodes of ܵ and ܴ 
(e.g.,  ܽ ,  ܾ  and  ݆ ) update their Channel Usage Information 
(CUI) by overhearing on the CC. During (ݐଵ,  ଶ), ܽ has dataݐ
for ܾ. ܽ randomly selects an idle DC such as DC2 and switches 
to DC2 with ܾ after a reservation. Because ܵ and ܴ are on DC1 
during (ݐଵ,  ܵ ଶ), ܵ and ܴ both still assume DC2 is idle. Whenݐ
finishes sending data to ܴ, ܵ has data for  ݆. If ܵ also selects DC2 that ܽ and ܾ are still occupying, then a CCP is created, 
which can cause the packet collision in ܽ or ܾ around ݐଷ. 

Aiming at solving CCP, a Random Channel Selection 
scheme, called RCS, is proposed in this paper with probabilis-
tic backoff for a class of multi-channel MAC protocols under 
heavy loads. The main idea of RCS is to make a trade-off be-
tween the times of CCP creations and the latency. We try to 
lower the probability of a CCP creation via increasing latency, 
based on two reasons below. (1) CCP can result in data packet 
collision that is one of the main sources of energy wastage in 
WSNs. (2) Energy efficiency is the primary design goal for 
MAC in WSNs instead of traditional goals such as latency.  

This paper hopes to contribute in the following ways: (1) 
makes the first attempt to apply the idea of random channel 
selection with probabilistic backoff to tackle CCP in WSNs; (2) 
proposes a robust and scalable channel selection scheme, called 
RCS, which is fully distributed with no requirements of time 
synchronization or multi-radio; (3) analyzes the performance of 
RCS and obtains the probability of a CCP creation and the av-
erage number of misunderstood channels via probability 
theory; and (4) conducts both extensive simulation and testbed 
experiments to evaluate the performance of RCS by comparing 
RCS with other schemes without probabilistic backoff.
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Figure 2.  Communication scheme 

II. RANDOM CHANNEL SELECTION 
Two assumptions are made as follows: (1) wireless band-

width is divided into one CC for control information exchang-
ing and ܭ DCs for data communication, and every channel is 
orthogonal to the others; (2) all nodes are assumed to be 
equipped with a same switchable half-duplex radio.  

A. Communication Scheme of mcMACs 

When nodes in mcMACs are idle, they monitor the CC. Af-
ter they actually overheard a reservation packet, they update 
their CUI, which is used for channel selection when they have 
messages to send. As nodes actually have messages to send, the 
following four steps must be accomplished as in Fig.2. (1) 
When the sender ܵ has a message to send to its receiver ܴ, ܵ 
selects an AIDC based on its channel selection. Then, under 
CSMA/CA scheme, ܵ  sends a  ܴܶܵ  with channel reservation 
information to ܴ on the CC. (2) After ܴ receives this ܴܶܵ, ܴ 
send a ܵܶܥ to confirm this reservation on the CC. Note that 
the ܵܶܥ   holds the same information as the  ܴܶܵ . Next,  ܴ 
switches its channel to the DC that ܵ has selected before and 
waits for ܣܶܣܦs. (3) After ܵ receives this ܵܶܥ, ܵ also switches 
its current channel to the same DC and employs CSMA/CA 
scheme to send a series of ܣܶܣܦs belonging to a message to ܴ; 
after ܴ receives each ܣܶܣܦ, ܴ sends an ܭܥܣ to ܵ to confirm it. 
Finally, when ܴ sends out its last ܭܥܣ, it switches its channel 
back to the CC to overhear again. (4) After  ܵ  receives the 
last ܭܥܣ, ܵ also switches back to the CC to overhear again.  

B. Design of RCS 

RCS works in the first step of the above mcMACs. When ܵ 
has a message to send, ܵ solves the probability (denoted by ݌) 
that the AIDC ܵ has selected in this time is being used by other 
nodes. After solving ݌, instead of uniformly selecting an AIDC 
and initiating a channel reservation handshake with ܴ imme-
diately, ܵ does these two actions together with the probability 
of 1 െ  and tries to do these ݌ or backs off at random with ,݌
two actions after a period of time (addressed in Section IV.A). 
The objective of the backoff with ݌ is to reduce the probability 
of a CCP creation during this channel selection, and then to 
reduce the probability of packet collision on DCs, and finally to 
conserve energy to extend the lifetime of WSNs. Note that the 
receiver-decided channel selection is not used in RCS, since in 
mcMACs a sender also receives ܭܥܣs from its receiver. In 
addition, a sender can send its whole CUI to its receiver, and let 
its receiver selects an AIDC for both of them. However, this 
scheme not only induces overhead due to the size of whole CUI, but the AIDC the receiver selected can be busy due to CCP.  

During the lifetime of nodes, ݌ is constantly varying ac-
cording to underlying network parameters estimated by nodes 
in real-time. The RCS performance is highly dependent on the 
accurateness of ݌, which characterizes the intensity of channel 
conflict. The detailed analysis of ݌ is discussed as follows. 

III. THEORETICAL ANALYSIS 

An analysis of RCS performance is made by solving ݌ in 
this section. The symbols used in the analysis are listed in 
Table I. Let ݒ be any node in the network. ݌ is solved by in-
troducing the average total number of MCs, denoted by ݇ᇱ. Let ݌ ൌ ݇ᇱ ോ ܭ) െ ݇) .                                   (1) 

Therefore, ݌ represents the probability of ݒ  selecting a busy DC from all AIDCs according to current CUI, where ܭ and ݇ 
are known. ݇ᇱ is solved by introducing ݌௠௖, and ݌௠௖  is solved 
by introducing Prሾܴܥܯ௜ሿ, and finally Prሾܴܥܯ௜ሿ is solved.  

A. Solving ࢑ᇱ 
Let  Prሾܥܯ(݉)ሿ  be the probability that ݒ  has ݉  MCs. 

Then, 

 ݇ᇱ ൌ ∑ ݉ · Prሾܥܯ(݉)ሿ.௄ି௞௠ୀ଴                         (2) 

Let ݌௠௖  be the probability of a MC creation. Assuming the 
creation of a MC is independent of each other, then       Prሾܥܯ(݉)ሿ ൎ ௄ି௞௠ܥ · ௠௖݌ ௠ · (1 െ  ௠௖)௄ି௞ି௠.      (3)݌

Because ݉, ܭ and ݇ are known, we can solve (1) via (2), then 
solve (2) via (3), and then solve (3) via (4) in subsection B. 
B. Solving ࢉ࢓࢖ 

By the Total Probability Theorem (TPT),   ݌௠௖ ൌ Prሾܴܥܯ|ܥܯܧതതതതതതሿ · Prሾܴܥܯതതതതതതሿ ൅ Prሾܴܥܯ|ܥܯܧሿ · Prሾܴܥܯሿ. (4) 

We solve (4) by (5) and (6) below, and (11) in subsection C. 

The only reason why an ܥܯܧ happens is that ݒ misses the 
channel reservation packet from a neighbor, therefore Prሾܴܥܯ|ܥܯܧതതതതതതሿ ൌ 0.                              (5) 

Let ݅ be an arbitrary neighbor of ݒ, so Pr ሾܴܥܯሿ is equal 
to Pr ሾܴܥܯ௜ሿ. Then let ݆ be an arbitrary neighbor of ݅, so Prሾܴܥܯ|ܥܯܧሿ ൌ Prሾܴܥܯ|ܥܯܧ௜|݆ א ௩ܰ௜ሿ · Prሾ݆ א ௩ܰ௜ሿ ൅                       Prൣܴܥܯ|ܥܯܧ௜ห݆ א ௩ܰ\௜൧ · Prൣ݆ א ௩ܰ\௜൧ . (6) 

ሾ࢐࢘ࡼ (1  א ࢐ൣ࢘ࡼሿand࢏࢜ࡺ א  ൧: Assume that ݅ sends data to࢏\࢜ࡺ
its neighbors uniformly and all nodes are placed in an area 
with a two-dimensional Poisson point process, so by [5], Prሾ݆ א ௩ܰ௜ሿ ൎ 1.84 ോ 3.14,    Prൣ݆ א ௩ܰ\௜൧ ൎ 1.30 ോ 3.14.  (7) 

ห࢐࢏ࡾ࡯ࡹ|࡯ࡹࡱൣ࢘ࡼ (2  א ݆ ൧: Since࢏\࢜ࡺ א ௩ܰ\௜ , if ݒ  misses the 
reservation packet of ݅, an ܥܯܧ will definitely happen, thus Prൣܴܥܯ|ܥܯܧ௜ห݆ א ௩ܰ\௜൧ ൌ 1.                       (8) 

࢐|࢏ࡾ࡯ࡹ|࡯ࡹࡱሾ࢘ࡼ (3  א :ሿ࢏࢜ࡺ If  ݆ א ௩ܰ௜  and ܴܥܯ௜  happens, 
an ܥܯܧ happens if and only if ܥܯ ௝ܴ happens, therefore Prሾܴܥܯ|ܥܯܧ௜|݆ א ௩ܰ௜ሿ ൌ Prൣܥܯ ௝ܴ|ܴܥܯ௜|݆ א ௩ܰ௜൧.   (9) Pr ሾܴܥܯ௝|ܴܥܯ௜|݆ א ௩ܰ௜ሿ  is equal to the probability that ݒ 
misses both the channel reservation packets of ݅ and ݆. There-
fore, it can be derived from [5] that 

                        Prൣܥܯ ௝ܴ|ܴܥܯ௜|݆ א ௩ܰ௜൧ ൌ ்ವ಴ି்಴ೃ்ವ಴ .              (10) 
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TABLE I.  SYMBOL TABLE 

 Symbols Meanings 

Prob
abili-
ties  

௥௖௩݌ ௠௖ a MC is created in long run݌ ௖௖ a node is on the CC at an arbitrary time݌  a node switches to a DC as a ReCeiVer 

E
vents 

)௩ܥܵܰ ݐ is On the CC at time ݒ node   (ݐ)௩ܥܥܱ   node ݅ Is a Sender ܵܫܫ Misses a Channel Reservation from a neighbor (e.g., ݅) ݒ  (௜)ܴܥܯ   Event that a MC is created ܥܯܧ ௜ܶோ) ݒ is Not Sending on the CC during ௜ܶோ ܰܥܫ௨( ௜ܶோ)  ݑ does Not Interfere with nodes on the CC during ௜ܶோ ܥܶܤ( ௜ܶோ)   ݑ switches Back To the CC during ௜ܶோ 

O
thers 

MC an AIDC that is actually busy ߣ       average data packet arrival rate at each node ܭ; ݇ total number of DCs; number of Assumed busy DCs ܩܸܣ average number of packets in a message ஼ܶோ duration of a Channel Reservation handshake ஽ܶ஼ duration of message communication on a DC  ௜ܰ ; ௩ܰ௜ ; ௩ܰ\௜ neighbor set of ݅; ࢜ܰ௜ ൌ ځܰ࢜ ; ܰ࢏ ࢜ܰ\௜ ൌ ࢜ܰ\ ሼ݅ሽ ܰ a non-edge node has 3.14ܰ neighbors (density)\ܰ࢏

C. Solving ࢘ࡼሾ࢏ࡾ࡯ࡹሿ 
Because  Prሾܴܥܯ௜ሿ ൌ 1 െ Prሾܴܥܯതതതതതത௜ሿ, by TPT,  Prሾܴܥܯതതതതതത௜ሿ ൌ Prሾܴܥܯതതതതതത௜|ܵܫܫሿ · Prሾܵܫܫሿ ൅ Prሾܴܥܯതതതതതത௜|ܵܫܫതതതതሿ · Prሾܵܫܫതതതതሿ. (11) 

We solve (11) by (12) in subsection 1), (13) and (14) in 2). 

 ,ݒ തതതതതሿ: Since ݅ is an arbitrary neighbor ofࡿࡵࡵሾ࢘ࡼ ሿ andࡿࡵࡵሾ࢘ࡼ (1 
in the long run,  

 Prሾܵܫܫሿ ൎ Prሾܵܫܫതതതതሿ ൎ 1 ോ 2.                         (12) 

 തതതതതത௜ܴܥܯ ,തതതതതሿ: If ݅ is a senderࡿࡵࡵ|࢏തതതതതതതࡾ࡯ࡹሾ࢘ࡼ ሿ andࡿࡵࡵ|࢏തതതതതതതࡾ࡯ࡹሾ࢘ࡼ (2 
happens if and only if conditions below are met. (1) ݒ is on the CC at the time (denoted as ݐ௜,ோ) that ݅  starts to send a ܴܶܵ; (2) ݒ  is not sending in the interval that ݅  is sending the ܴܶܵ 
(denoted as ௜ܶோ , i.e.,൫ݐ௜,ோ, ௜,ோݐ ൅ ஼ܶோ൯); (3) all neighbors of ݒ 
except ݅ do not interfere with ݒ on the CC in the interval ௜ܶோ . 
Therefore,  Prሾܴܥܯതതതതതത௜|ܵܫܫሿ ൌ Pr ሾܱܥܥ௩൫ݐ௜,ோ൯, ) ௩ܥܵܰ ௜ܶோ), ځ )௨ܥܫܰ ௜ܶோ)ሿ.௨אேೡ\ሼ௜ሽ  (13) 

Similarly, if ݅ is a receiver, then Prሾܴܥܯതതതതതത௜|ܵܫܫതതതതሿ ൌ Pr ሾܱܥܥ௩൫ݐ௜,஼൯, ) ௩ܥܵܰ ௜ܶ஼), ځ )௨ܥܫܰ ௜ܶ஼)ሿ.௨אேೡ\ሼ௜ሽ  (14) 

Due to space limitations and the similarity between (13) and (14), we just show that how to solve (13) via (15) as follows. 

If ݒ  is on the CC at ௜,ோݐ   (i.e., an ௜,ோ൯ݐ௩൫ܥܥܱ   happens), ܰܵܥ௩ ( ௜ܶோ) will always happen since most MAC protocols do 
not allow ݒ to send as ݅ is sending a ܴܶܵ. If assuming that the ܱܥܥ௩൫ݐ௜,ோ൯ and the ܰܥܫ௨( ௜ܶோ) are independent of each other, 
so are all the ܰܥܫ௨( ௜ܶோ)s, then, approximately,  Prሾܴܥܯതതതതതത௜|ܵܫܫሿ ൎ Prൣܱܥܥ௩൫ݐ௜,ோ൯൧ · Prሾܰܥܫ௨( ௜ܶோ)ሿ|ேೡ\ሼ௜ሽ| . (15) 

We can solve (15) via (16) in subsection a) and (18) in b).  
a) ࢜࡯࡯ࡻൣ࢘ࡼ൫࢚ࡾ,࢏൯൧: For ݐ ,ݒ௜,ோ is an arbitrary moment, so  Prሾ ௜,ோ൯ሿݐ௩൫ܥܥܱ ൌ  ௖௖.                          (16)݌

Let ଴ܶ be a sufficiently long time. During ଴ܶ, the total number 
of arrival messages at each node equals  ߣ ଴ܶ/ܩܸܣ, so the total 
time, that a node sends all these messages on DCs, equals ߣ ଴ܶ ஽ܶ஼/ܩܸܣ . While, approximately, the total time, that a 

node receives all these messages, is ݌௥௖௩(1 െ (௖௖݌ ଴ܶ . In the 
long run, the total time that a node sends messages equals the 
total time that a node receives messages, when the network is 
stable (after a sufficiently long time). If assuming  ݌௥௖௩ ൎ ௖௖݌  ,1/2 ൎ 1 െ ߣ2 ஽ܶ஼/(17)                           .ܩܸܣ 

b) ࢘ࡼሾ(ࡾ࢏ࢀ)࢛࡯ࡵࡺሿ: If ݑ א ௩ܰ௜ )௨ܥܫܰ , ௜ܶோ) always happens 
since ݑ is not allowed to send on the CC when its neighbor ݅ is 
sending ܴܶܵ, no matter ݑ is on the CC or DC at ݐ௜,ோ, so by (7), Prሾ ሩ )௨ܥܫܰ ௜ܶோ)ሿ௨אேೡ\ሼ௜ሽ ൌ Prሾܰܥܫ௨( ௜ܶோ)ሿหேೡ\೔ห ൌ Prሾܰܥܫ௨( ௜ܶோ)ሿଵ.ଷ଴ே , (18) 

where 1.30ܰ is the number of ݒ’s neighbors א ௩ܰ\௜. Prሾܰܥܫ௨( ௜ܶோ)ሿ ൌ Prሾܰܥܫ௨( ௜ܶோ)|ݑ א ௩ܰ௜ሿ · Prሾݑ א ௩ܰ௜ሿ ൅                           Prൣܰܥܫ௨( ௜ܶோ)หݑ א ௩ܰ\௜൧ · Prൣݑ א ௩ܰ\௜൧. (19) 

We have solved Prሾݑ א ௩ܰ௜ሿ and Prൣݑ א ௩ܰ\௜൧ in (7), so we 
can solve (19) by (20) and (21) in subsection c). 

c)࢘ࡼሾ(ࡾ࢏ࢀ)࢛࡯ࡵࡺ|࢛ א ሿ࢏࢜ࡺ and ห࢛(ࡾ࢏ࢀ)࢛࡯ࡵࡺሾ ࢘ࡼ א  :൧࢏\࢜ࡺ
If ݑ א ௩ܰ௜ , by the same reason in (18),  Prሾܰܥܫ௨( ௜ܶோ)|ݑ א ௩ܰ௜ሿ ൌ 1.                    (20) Pr ሾܰܥܫ௨( ௜ܶோ)|ݑ א ௩ܰ\௜ሿ ൌ        Pr ሾܰܥܫ௨( ௜ܶோ)|ݑ א ௩ܰ\௜|ܱܥܥ௨൫ݐ௜,ோ൯ሿ · Prൣܱܥܥ௨൫ݐ௜,ோ൯൧ ൅ Pr ሾܰܥܫ௨( ௜ܶோ)หݑ א ௩ܰ\௜หܱܥܥ௨൫ݐప,ோ൯തതതതതതതതതതതതതതሿ · Pr ቂܱܥܥ௨൫ݐప,ோ൯തതതതതതതതതതതതതതቃ .    (21) 
We have solved Prൣܱܥܥ௨൫ݐ௜,ோ൯൧  in (16), therefore we can 
solve (21) via (22) and (23) in subsection d). 

d)࢘ࡼ ሾ(ࡾ࢏ࢀ)࢛࡯ࡵࡺห࢛ א :൧࢏\࢜ࡺ  Assuming Possion arrival, 
if ݑ א ௩ܰ\௜, ݑ does not interfere with ݒ overhearing ܴܶܵ of ݅ if 
and only if ݑ keeps silent during ൫ݐ௜,ோ െ ஼ܶோ, ௜,ோݐ ൅ ஼ܶோ൯, so Pr ሾܰܥܫ௨( ௜ܶோ)|ݑ א ௩ܰ\௜|ܱܥܥ௨൫ݐ௜,ோ൯ሿ ൌ eିଶఒ்಴ೃ.      (22) 

If ݑ א ௩ܰ\௜, by the TPT,  Pr ሾܰܥܫ௨( ௜ܶோ)|ݑ א ௩ܰ\௜|ܱܥܥ௨൫ݐప,ோ൯തതതതതതതതതതതതതതሿ ൌ  Pr ሾܰܥܫ௨( ௜ܶோ)|ݑ א ௩ܰ\௜|ܱܥܥ௨൫ݐప,ோ൯തതതതതതതതതതതതതത|ܥܶܤ( ௜ܶோ)ሿ · Prሾܥܶܤ( ௜ܶோ)ሿ ൅      Pr ሾܰܥܫ௨( ௜ܶோ)หݑ א ௩ܰ\௜หܱܥܥ௨൫ݐప,ோ൯തതതതതതതതതതതതതതหܥܶܤ( పܶோ)തതതതതതതതതതതത൧ · Prൣܥܶܤ( పܶோ)തതതതതതതതതതതത൧ (23) 

We can solve (23) via (24), (25) and (26) in subsection e). 

e)࢘ࡼ ሾ(ࡾ࢏ࢀ)࢛࡯ࡵࡺ|࢛ א ൯തതതതതതതതതതതതതതሿࡾ,൫࢚ଙ࢛࡯࡯ࡻ|࢏\࢜ࡺ :The time that ݑ 
switches back to the CC is uniformly distributed in the interval ௜ܶோ , since when ݑ switches to the DC is unknown. Therefore,  

 Prሾܥܶܤ( ௜ܶோ)ሿ ൌ |்೔ೃ|்ವ಴ ൌ ்಴ೃ்ವ಴ .                       (24) 

If ݑ  א ௩ܰ\௜ , since ݑ  does not switch its current channel 
back to the CC during ൫ݐ௜,ோ, ௜,ோݐ ൅ ஽ܶ஼൯,  Pr ሾܰܥܫ௨( ௜ܶோ)|ܱܥܥ௨൫ݐప,ோ൯തതതതതതതതതതതതതതหܥܶܤ( పܶோ)തതതതതതതതതതതത൧ ൌ 1.        (25) 

Let ∆ݐ be the duration that ݑ is on the CC after ݑ switches 
back to the CC. Based on the similar reason with (24), ∆ݐ is 
uniformly distributed in (0, ஼ܶோ). Therefore, If ݑ א ௩ܰ\௜ , then Pr ሾܰܥܫ௨( ௜ܶோ)|ܱܥܥ௨൫ݐప,ோ൯തതതതതതതതതതതതതത|ܥܶܤ( ௜ܶோ)ሿ ൌ ଵି௘షഊ೅಴ೃఒ்಴ೃ .  (26) 
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IV. PERFORMANCE EVALUATION 

A. Simulation Experiments 

A homemade simulator is used for performance compari-
sons. 289 nodes, with a radio communication range 40m, are 
uniformly deployed in a square area of size 200m ൈ 200m 
with a node density of 38. The traffic model is set to that all 
messages are delivered from many sources to many destina-
tions. The payload size is set to 32 Bytes, and channel band-
width is set to 250 Kbps. Moreover, backoff time is set to 20ms.  

Two groups of simulations are conducted to examine 
throughput and energy consumption. Different Total Number 
of Channels (TNC) and loads are considered, which are varied 
by the change of the number of CBR (NCBR, Constant Bit 
Rate) streams. TNC is set to 4 when NCBR is varying, whereas NCBR is set to 30 when different TNCs are used.  

To examine the value of backoff, the mcMAC with RCS 
(MAC-RCS) is compared to four protocols: CSMA\CA, 
MMSN [1], PMC [2] and CAM-MAC [3]. Furthermore, two 
varieties of MAC-RCS are also involved: first variety utilizes 
Non-Backoff scheme (MAC-NBF); second variety exploits a 
binary Exponential Backoff scheme (MAC-EBF). 

 1)Evaluation on throughput: The aggregate throughput is 
computed as the total amount of all useful data packets 
successful delivered via MAC layer in the network per unit 
time. Intuitively, all backoff mcMACs would have smaller 
throughput than others, but MAC-RCS is expected to increase 
its throughput by solving CCP, so how MAC-RCS achieves 
this objective can be shown by this metric. 

The throughput is explored when different TNCs are used 
in Fig.3 (a). The results show that the throughputs of different 
protocols rise when TNC increases. Compared with MMSN, 
PMC and CAM-MAC, MAC-RCS has a similar or little lower 
throughput when TNC is small. This is because MAC-RCS 
uses the two-way handshake and probabilistic backoff scheme, 
which will pay more cost if TNC is relatively small. However, 
when TNC becomes larger, MAC-RCS performs better than 
the others: since CCP becomes more serious, MAC-RCS 
tackles it with a smaller cost than CAM-MAC, and MMSN or 
PMS do not address it at all. Moreover, two varieties of MAC-
RCS perform better than MAC-RCS as TNC is small, but they 
maintain stable when TNC becomes more larger, so MAC-
RCS outperforms them after all, as TNC is larger than 5.  

When NCBR is increasing, the throughput changes are 
shown in Fig.3 (b). It is observed that the throughputs of all 
protocols increase with NCBR, because if more node-pairs are 
involved in communication, more parallel transmissions will 
occur. However, the results show that under heavy loads, 
MAC-RCS performs gradually better than other protocols, 
which illustrates that MAC-RCS significantly benefits from 
the probabilistic backoff scheme when the probability of 
packet collision increases with loads. Furthermore, MAC-RCS 
achieves better throughout than MAC-NBF and MAC-EBF as NCBR is larger than 18 due to that these varieties do not con-
sider CCP in the first place, so they suffer from collision 
caused by CCP. 

 2)Evaluation on Energy Consumption: For all the protocols, 
energy consumption is computed as the energy consumed to 
successfully deliver a useful data byte. MAC-RCS is expected 
to achieve energy efficiency via probabilistic backoff scheme.  

As TNC increases, energy consumption changes are ob-
served in Fig.4 (a). Results show that the energy consumptions 
of all protocols decrease with the rise of TNC, but MAC-RCS 
performs better than others all the time, since it conserves 
energy by avoiding the time synchronization of MMSN and 
the continuously channel switching of PMC. In addition, 
MAC-RCS effectively avoids the collision in CAM-MAC as 
well as MAC-NBF and MAC-EBF, so MAC-RCS avoids the 
energy consumption caused by retransmissions under them.  

The energy consumption is measured by varying loads. In 
Fig.4 (b), all energy consumptions increase when loads rise. 
MAC-RCS maintains a relatively low energy consumption 
since probabilistic backoff scheme reduces the probability of 
packet collision. Whereas other protocols suffer from certain 
problems: MMSN consumes more energy to maintain time 
synchronization; PMC has many collisions on the current 
channel when loads are heavy; and CAM-MAC, MAC-NBF 
as well as MAC-EBF still suffer from retransmissions and 
then consume more energy than other protocols.  

 

 

(a) Throughput vs. TNC (b) Throughput vs. NCBR
Figure 3. Throughout evaluation 

(a) Energy vs. TNC (b) Energy vs. NCBR
Figure 4. Energy consumption evaluation

 

(a) Throughput vs. TNC (b) Throughput vs. NCBR 

Figure 5. Testbed evaluation on throughput
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B. Testbed Experiments 

To evaluate the real performance of MA
luated in ߤC/OS on the hawk node, which
platform developed by Heilongjiang Univ
node is equipped with nRF905 radio and M
and its picture is shown in Fig.6 (a). For vis
es, three LEDs (red, green and yellow) are u
to indicate specific events.  

Due to the time synchronization of MM
plexity of PMC for parameter computations
and CAM-MAC are implemented, compare
ties of MAC-RCS, i.e., MAC-NBF with no
and MAC-EBF with a binary exponential b
this testbed experiment, aggregate through
which is computed with the same method in 

The testbed consists of 10 hawk nodes
one hop as in Fig.6 (b). By this setting, all no
communication range of each other, which 
Luo et al. [3]. The size of packets is set to 3
data transmission rate is set to 100 Kbps. A
neighbor at random to enable a unicast com
experiment repeats 10 times, and when a ex
all nodes sequentially send their total amoun
during the experiment to the sink, which 
connected to a computer, thus the throughput

The throughput is explored as NCBR is se
ferent TNC is used. From Fig.5 (a), it is ob
MAC has higher throughput than MAC-RC
rieties, when TNC is less than or equal to 3.
not have to back off, as nodes have packets
backoff compromises the throughput of MCCP is less serious. However, MAC-RCS
throughput as TNC is larger than or equal t
tion of this improvement is that when more CCP becomes more serious, and MAC-RCS t
cost than CAM-MAC. In addition, MAC-R
little lower throughput compared with MAC
EBF when the total number of channels is s
performs them, as TNC is larger than 3. 
roughly consistent with the simulation comp
Fig.3 (a), which further justifies the valu
backoff scheme.  

When TNC is set to 5 and loads are varyi
is observed in Fig.5 (b). It shows that MAC
varieties have lower throughput than CAM-M
small. This is due to when fewer nodes ar
cooperative scheme of CAM-MAC works be
than probabilistic backoff scheme of MAC
when loads are heavy, fewer nodes are left f
collision becomes more serious. Therefore, M
forms CAM-MAC as NCBR is equal to or la
that MAC-RCS performs better than MAC
EBF all the time. Once again, these results 
sistent with the simulation results shown in
shows that the probabilistic backoff scheme 
the throughput of MAC-RCS. 

AC-RCS, it is eva-
h is a sensor node 
versity. The hawk 
MSP430 processor, 
sualization purpos-
used on each node 

MSN and the com-
s, only MAC-RCS 
ed with two varie-
on-backoff scheme 
ackoff scheme. In 

hput is examined, 
the simulation. 

s deployed within 
odes are within the 
was also used by 32 Bytes, and the 

All nodes choose a 
mmunication. The 
xperiment is over, 
nt of data received 
is a special node 
t can be obtained.  

et to 5 and the dif-
served that CAM-

CS and its two va-
 CAM-MAC does 

s to send; whereas 
MAC-RCS, when 
S achieves better 
o 4. The explana-DCs are available, 
tackles it with less 

RCS has similar or 
C-NBF and MAC-
mall, while it out-
These results are 
parisons shown in 

ue of probabilistic 

ing, the throughput 
C-RCS and its two 
MAC, as loads are 
re communicating, 
etter in tackle CCP 
C-RCS. However, 
for cooperation, so 
MAC-RCS outper-
arger than 3. Note 

C-NBF and MAC-
are generally con-
n Fig.3 (b), which 
actually improves 

V. CONCL

To handle Channel confli
Random Channel Selection RC
heavy loads WSNs. By probab
of misunderstood channels an
conflict creation are obtained
that with probabilistic backoff, 
that a node selects a channe
Therefore, RCS achieves sig
throughput and energy effici
when the number of channels a
importantly, RCS is implemen
experimental results show t
scheme actually enables RCS to
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