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Abstract — Some wireless sensor network application scenes always use the transmit-only nodes method to cut deployment cost and 
increase coverage density. With the wireless sensor network with transmit-only nodes, most of the current research is limited to the 
one-hop region. In this paper we have designed a multi-channel MAC protocol (MCTO-MAC) for the deployment of transmit-only 
nodes in the multi-hop wireless sensor networks. The protocol applies multi-channel communication mechanism and can enable the 
transmit-only nodes to work in the wireless sensor networks which are based on LPL MAC protocol. Meanwhile the redundancy 
elimination strategy designed in the network layer can eliminate repeated reception of the data sent by the same transmit-only 
node and received by multiple transceiving nodes. Through comparisons using a simulation platform on the Contiki operating 
system, MCTO-MAC protocol were found to be fully compatible with the current LPL MAC protocols. It has effectively reduced 
the data volume and interference of network transmission, prolonged the lifetime of the network, increased the network data 
delivery ratio by 36% and eliminated the repeated reception by 50% in comparison with networks consisting of pure transceiving 
nodes. 
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I. INTRODUCTION 

In some wireless sensor network application scenes, both 
the reduction of the cost for deployment and the prolonging 
of the network lifetime [1-3] are dependent on the layout of a 
large number of transmit-only nodes, because the transmit-
only nodes don’t contain receiving module circuit which 
always consumes more energy than the sending module 
[4].The main task of these transmit-only nodes is a periodical 
report of the perceived data or overrun alarm. In order to 
increase the coverage, the transmit-only nodes are always 
distributed in a highly dense manner. 

The application of transmit-only nodes also brings many 
troubles to the design of communication protocols. First, as 
the transmit-only nodes have no receiving functions, the S-
MAC [5] and ContikiMAC [6], which designed for the half 
duplex communication nodes, become inapplicable. Second, 
because of the layout with a large number of transmit-only 
nodes, tending to the interference between signals, the 
channel utilization ratio will be serious affected [7]. Third, 
when the transmit-only nodes are distributed in the range of 
multiple transceiving nodes, it will cause repeated reception 
of data and redundancy of data transmission [8]. 

Some protocols can mitigate the interferences and effects 
caused by the multipath effects through multi-channel 
communication. The performance of these protocols is 
superior to the single channel protocols in most of the cases. 
In the hybrid network with transmit-only nodes, a large 
number of transmit-only nodes will occupy more channel 

communication resources. However, the current multi-
channel MAC protocols [9-11] related to the wireless sensor 
network are almost designed for the network of transceiving 
nodes.  

As for the hybrid network with transmit-only nodes, this 
article has designed a MAC layer protocol (MCTO-MAC) 
based on the improvement of LPL MAC protocols with 
multi-channel communication mechanism. This protocol will 
put the transmit-only nodes and the transceiving nodes in the 
different communication channels. When the nodes are 
distributed to different channels, the interference between 
them can be efficiently reduced so as to ensure the reliability 
of the data transmission. In the hybrid network, the 
transceiving nodes are responsible for the reception of the 
data transmited by the transmit-only nodes nearby and the 
forwarding to the sink node. Meanwhile, the transceiving 
nodes reduce the communication energy consumption by the 
recognition and elimination of the redundant data. Through 
the simulation with the platform based on Contiki system, 
MCTO-MAC protocol can reduce the mutual interference 
and data traffic of network efficiently. 

II. RELATED WORK 

At present, many studies of the transmit-only nodes are 
focused on the one-hop range in the wireless sensor network. 
The document [12] has discussed the increase of channel 
capacity by encoding the time interval of time sent by the 
transmit-only nodes. The key to the time encoding is transfer 
the information by the pseudo random number algorithm 
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agreed by both sending and receiving parties. The document 
[7], [13] has discussed the achievement of the goal under 
different QoS level delivery rates by the optimization of 
repeated times of the data sending by the transmit-only nodes. 
Some others have discussed working state of the hybrid 
network with transmit-only nodes. The document [14] has 
discussed the method of how to the delivery rate of transmit-
only nodes while assuring the transceiving nodes in the 
hybrid network have no packet loss. The key point of the 
method is that the transceiving nodes can evaluate the 
sending time of the transmit-only nodes in the one-hop range, 
and set appropriate sending time to avoid the collision in data 
sending. But neither of these researches has taken the multi-
hop network into account. The MATO-MAC protocol 
proposed in this article has not just considered the delivery 
rate in the one-hop range, but also the elimination of 
information redundancy from the network layer.  

The multi-channel communication mechanism can 
improve the network’s anti interference ability, increase the 
network’s reliability, reduce the delay and increase the 
throughput [15]. The wireless sensor network always applies 
MAC layer protocol under a multi-channel communication 
mechanism, including Y-MAC [9], MC-LMAC [10] and 
MiCMAC [11]. These protocols are all designed for 
transceiving nodes but not applicable to the network with 
transmit-only nodes. In consideration of the high density of 
the layout of the transmit-only nodes in the hybrid network 
without backoff mechanism in data transmission which will 
be repeated, the MCTO-MAC protocol has arranged the 
transceiving nodes and transmit-only nodes into different 
channels to improve the network performance by the multi-
channel communication mechanism. 

III. PROTOCOL DESIGN 

The design of MCTO-MAC protocol is mainly expanded 
for the ContikiMAC which has a good performance in the 
current LPL mac protocol. Moreover, the ContikiMAC is 
based on the contiki operating system which contains IPv6 
network protocol stack, so it is convenient to test. 

A. Overview 

The content of the protocol is to use two channels which 
are TO for transmit-only nodes and TR for transceiving 
nodes in the wireless sensor network. As shown in Figure1, 
the transmit-only nodes are sending data packets periodically 
on the TO channel while the transceiving nodes is sending 
and receiving data as well as checking if there is any 
transmit-only nodes on the TO channel periodically. The job 
of transceiving nodes mainly includes phase A and phase B. 
in the phase A, the transceiving nodes start the receiving 
function and detect the transmit-only nodes around. When 
the existence of transmit-only nodes is detected by the 
transceiving nodes, it will allocate the slot for future 
receiving according to the time of receiving and the random 
operator in the data packet; in the phase B, the transceiving 
nodes works on the two channels, both detecting TR channel 
with LPL and receiving the signals sent by the transmit-only 
nodes in the time slot allocated in the phase A. The protocol 
allocated to TR channel for slot detection is superior to the 
allocation to TO channel for slot reception so as to ensure the 
delivery rate between the sending and receiving nodes.    
 

 
Figure 1. Data flow of MCTO-MAC. 

 

B. Protocol Workflow 

MCTO-MAC mainly contains three parts, transmit-only 
node working mode, transceiving node working mode and 
redundancy elimination strategy. 
1) Transmit-only Nodes 

The transmit-only nodes send the data on the TO channel 
periodically in a random interval way to prevent continuous 
collision of the signals of the adjacent nodes. The transmit-

only nodes divides each transmission cycle T  into N  
interval t  to generate  a random number between the range 

of  1,0 N  with LCG[16] algorithm. The formula is as 
follows: 

0,mod)(1  nNcaxX nn                (1) 
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N is total number of intervals, 0X is seed, a  is 

multiplier and c  is increment. The random transmission is 
achieved by the control of the node sleep duration with the 
value of the random number. The specific calculation for the 
transmission process is as shown in Figure2. after the start 
of transmit-only nodes, the function CalcRandomNum() 
shall be achieved through the formula (1) to calculate the 
two random numbers and then set the time interval 

sT before the next wakeup of the nodes through the function 

SetWakeUpTime( 10 , nn ). 

The formula is as follows: 
tnnNTs  ])1[( 10                 (2) 

 

 
Figure 2. Algorithem of Transmit-only Nodes. 

 
In order to ensure the reliability of data communication, 

the transmit-only nodes can repeat the transmission of data. 
In order to enable the transceiving nodes to calculate the 
sending sequence, each data packet shall contain the random 
number corresponding to the current sending time. 
2) Transceiving Nodes 

In addition to ensuring the normal communication 
between the sending and receiving nodes by monitoring TR 
channel with LPL mechanism, the transceiving nodes 
monitor the TO channel for a time two times longer than the 
transmission period at set intervals as shown in Figure3. In 
order to reduce energy consumption and set a long time for 
the interval of monitoring the TO channel, in the phase A, 
the transceiving node can receive the data packet send by 
the same transmit-only node for two times. If it receives for 
two times, the slot assignment calculation shall be subject to 
the second-time reception. When the transceiving nodes 
monitor that the adjacent transmit-only nodes are sending 

data, the time of receiving shall be recorded as rt  to 
correspond to the i transmission of the transmit-only node. 
The received data packet contains the related 
parameters( Ncami ,,, )to calculate the random number. im is 
the random number corresponding to the current sending 
time, a and c are the multiplier and increment respectively 
for the random number calculation, and N is the number of 
intervals of the period T . The formula is as follows: 

 

Biiriri ttmtmTtt   )( 11
'     （3） 

Ncamm ii mod)(1                          （4） 

 
In the formula (3) )( 1 tmtmT ii    is the interval 

between the two sends of the transmit-only node.  is the 
maximum time error possibly caused by oscillator frequency 
deviation and its value is the product of the maximum 
interval of transmission and the oscillator frequency 
deviation of the time. Bt  is the difference between the 
time of preparation for transmission in physical layer and 
the time of receiving, which can be measured by experiment 
actually.  
    

 
Figure 3. Transmit schedule of MCTO-MAC. 
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In phase B, making use of the calculated receiving time 
sequence of the transmit-only nodes, the transceiving nodes 
receive the data at every wakeup of the receiving time. If the 
receiving is successful, the receiving time sequence will be 
updated again. If the receiving fails, it is also available in 
the next wakeup of the receiving time. If it fails 
continuously for several times, the receiving time sequence 
of the node will be deleted. If the receiving time is 
conflicted with the detection time of TR channel, the 
receiving could be postponed for once.  
3) Redundance Elimination 

The transmit-only nodes which may be detected by 
multiple transceiving nodes in the network will result to 
redundant a large number of information in data transmission 
if it is not eliminated. The elimination of redundant 
information referred to in the protocol is a judgment of the 
received data by the convergent node of the network layer. 
When the convergent node receives two pieces of or more 
information sent by the same transmit-only node in the 
network, the data will be received by the transceiving node 
of the best network link quality. The parameter of judging 
the link quality is mainly through the received signal strength 
indicator (RSSI). If the link quality can assure of the stable 
reception, the transceiving nodes with a few number of 
transmit-only nodes shall be selected for the reception. This 
calculation can assure that transmit-only node information 
received by the transceiving nodes in the network will not 
repeat after the network running for some time so as to save 
energy. 

IV. SIMULATION RESULTS AND ANALYSIS 

It shall be tested in a grid network consisting of sky moto 
nodes installed with contiki operating system. The network 
shall contain one sink node and 25 collecting nodes which 
will send a data packet containing address and collected 
information to the convergent node every two seconds. As 
shown in Figure 4, Node 1 is the convergent node and Node 
2-26 are collecting nodes. The node communication radius 
are unified as 50m and the node space is 20m. 

A. Experiment topology 

In the experiment, first, the collecting nodes shall select 
transceiving nodes, run the RPL and 6lowpan based on 

contiki 2.7 and the MAC shall apply contikiMAC protocol as 
shown in Figure 5a which is recorded as case 1. And then set 
the Node 4, Node 14 and Node 24 into transceiving nodes. 
Run the RPL and 6lowpan network protocol stack and MAC 
shall apply the transceiving node protocol MCTO-MAC 
protocol. Set other collecting nodes into transmit-only nodes 
and apply the pure transmission algorithm as shown in 
Figure 5b which is recorded as case 2. 

 
Figure 4. Simulation topology. 

 
So in the end, the network only contains three 

transceiving nodes: Node 4, Node 14 and Node 24 as well as 
a convergent node Node1. Run the RPL and 6lowpan 
network protocol stack and MAC layer shall apply the 
contikiMAC protocol as shown in Figure 5c which is 
recorded as case 3. All of the transmit-only node 
transmission period in the simulation is 2s and the sent 
packet lengths are the same, 8 bites including the related 
parameters of the computational random number, address of 
sending nodes and collected data. The main comparing 
parameters are Duty Cycle and End-to-End Packet Delivery 
Ratio (PDR). In order to reflect the actual effect of the 
network layer eliminating the repeated algorithm in a visual 
way, the timing sequence buffer number maintained by the 
transceiving nodes shall be compared. 

 

 
Figure 5. Three topologies of simulation. 
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B. Performance comparison 

The Figure 6 shows the percentage of the Duty Cycle of 
each node under the three situations. It can be seen that 
compared with case 3 without collecting nodes, the energy 
consumption of the transceiving nodes in case 2 with 
transmit-only and collecting nodes is higher. It is because 
that these nodes need to monitor the existence of transmit-
only nodes and allocate receiving time slot in addition to the 
normal information sending and receiving. When the case 2 
and case 1 are compared, which means the transceiving 

nodes are replaced with transmit-only nodes in the network, 
the energy consumption of Node 4, Node 14 and Node 24 of 
MCTO-MAC protocol is slightly improved, but apparently 
lower than Node 8 and Node 10 in case 1; meanwhile it can 
be seen that transmission energy consumption of the 
transceiving nodes in case 2 is higher than in case 1 due to 
the summary and transfer and the energy consumed by the 
transmit-only nodes in case 2 is apparently lower than the 
transceiving nodes in case 1. These experimental data show 
that the MCTO-MAC protocol network with transmit-only 
and collecting nodes will have a longer lifetime.   
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Figure 6. Duty Cycle comparison 

Figure 7 shows the delivery rate of nodes in the three 
kinds of experimental environment. It can be seen that the 
delivery rate of collecting nodes in case 2 is higher than that 
in case 1.  This is because the transmit-only nodes and 
transceiving nodes uses different channels in case 2 and the 
sent data packet is even shorter. In the figure, the delivery 
rates of Node 4, Node 14 and Node 24 in case 2 are slightly 

lower than those in case 3. It is because the transceiving 
nodes of MCTO-MAC protocol will cause packet loss during 
channel switch and sequence maintenance. According to the 
comprehensive statistics, the delivery rate of the network of 
MCTO-MAC protocol with transmit-only nodes is 36% 
higher than the network consisting of transceiving nodes. 
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Figure 7. Packet delivery comparison 
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C. Redundance elimination analysis 
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Figure 8. Buffer Number Comparison 

Buffer number comparison buffer number of the transmit-
only nodes maintained by transceiving nodes in case 2 can 
reflect the performance of elimination of network layer 
redundancy through record and comparison. As shown in 
Figure 8, in phase A of MCTO-MAC protocol, the 
transceiving nodes will recognize the transmit-only nodes 
nearby and the buffer number can reach its highest value. As 
the data aggregates continuously, sink node will send stop 
monitoring command according to the redundancy of the 
network data and eliminating redundancy tragedy and the 
buffer of the transceiving nodes will decrease to the stable 
value gradually. The eliminated repeated data will be 50% of 
the total communication traffic. 

V. CONCLUSION 

With the multi-channel mechanism, the article has 
designed a MCTO-MAC protocol which is applicable to the 
wireless sensor network MAC protocol with transmit-only 
nodes. And meanwhile it has designed a strategy for 
eliminating the data redundancy caused by the transmit-only 
nodes in the network. Through the simulation on the sky 
moto node based on contiki operating system, the protocol 
can prolong the network lifetime, improve the delivery rate 
of data of the network nodes and reduce data redundancy 
efficiently. 
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