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Abstract: Aiming at the Sensor-MAC (S-MAC) framework, the paper introduces the technology of controlling and ad-
justing the Multi-Step power. When the transmitting nodes transmit the data packets to the receiving nodes, the receiving 
nodes can measure the Received Signal Strength Indication, which are then transmitted back to the transmitting nodes, 
which is the basis of distinguishing the transmitting power. It was observed that the power of the Received Signal was  
larger than the threshold set at the receiving terminal. The error rates of receiving the packets can be reduced by the re-
transmission caused by the loss of the packets, whereas the throughput of the system can be increased. The simulated re-
sults show that the range of the throughput and the packets’ successful receiving rate, which is included in the power con-
trol S-MAC as the different packet collision rate and the bounded packet re-transmission power, were  increased by 
3%~10% compared with that which is not included in the power control S-MAC in Multi-hops.  
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1. INTRODUCTION 

It is an important problem to determine  how the devices 
in the Wireless Sensor Networks nodes save the energy con-
sumption under the various environments, as the energy con-
sumption during the communication process is the maximum 
[1, 2]. Following can the  mainly reasons : 1. collision, 2. 
Idle Listening, 3.Overhearing, 4. Overhead. The four kinds 
of the reasons will be discussed  in the following descrip-
tions.  

1. Collision: If there is a large amount  data, it should be 
transmitted simultaneously within a node’s transmission 
range, before the collision happens. The nodes in the termi-
nal end cannot successfully receive the correct data therefore 
the data is  lost or get erroneous. The collision makes  the 
terminal end to re-transmit the information. The terminal end 
must wait for the re-transmission leading to the extra energy 
consumption and generation of waste  [3-5].  

2. Idle Listening: The nodes do not  know when the data 
can be received so that the nodes are always in the operated 
state for awaiting the data transmission. If it is in the 
operational state without any communications, this will re-
sult in unnecessary energy consumption  [6].  

3. Overhearing: If the sensor nodes receive the packets of 
the target nodes in the non-data packet or the signal itself, or 
the nodes eavesdrop on the related information of the target  
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nodes in the non-data packet, the energy consumption in the 
sensor nodes can be caused. 

4. Overhead: The energy consumption is caused by 
transmitting and receiving the control packets. The control 
packets include the RTS(Request To Send) and the 
CTS(Clear To Send) [7, 8]. There is other data within the 
packets, but sending the control packet RTS and CTS can 
also cause energy consumption.  

The technology of the power control is a technology of 
adjusting the power signal, which can measure and adjust the 
RSSI in the terminal end and then be transmitted back to the 
transmission nodes for adjusting the transmission power [9]. 
The RSSI of the data packet can be maintained in a certain 
value so that the data packet can be successfully received, 
and the re-transmission times and the energy consumption 
can be reduced [10, 11]. The technology of the power control 
can measure and adjust the RSSI so that the desired effect of 
energy saving can be achived . The energy of the nodes in 
the WSN is the battery, therefore,  the energy is limited and 
difficult to be supplied. In order to increase the life cycle of 
the nodes, the technology of the power control is adopted to 
adjust it, the energy loss of the nodes can be reduced and the 
throughput can be increased.  

2. THE INTRODUCTION OF THE RELATED REF-
ERENCES  

S-MAC is the protocol of the active and sleeping mecha-
nism in the fixed cycle, as shown in  Fig. (1). The energy 
consumption in the process of  listening can be reduced for 
the cycle of the S-MAC protocol that can make the nodes  
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enter the sleeping mechanism [12]. In addition, the nodes 
can have the virtual cluster which has the same active and 
sleeping cycle so that the synchronization among the nodes 
can be ensured. In this way, the energy consumption in the 
process of the Idle Listening can be reduced, and each node 
will select a schedule to exchange its neighboring node. Each 
node does the scheduling and establishes the scheduling ta-
ble in terms of the following descriptions in the stage of the 
network start-up.  

1. After the node monitors for a period, if other nodes’ 
broadcast scheduling is not monitored, the monitoring node 
will randomly select a time to enter the sleeping state and 
broadcast itself scheduling. The monitoring node is called 
the synchronous node.  

2. When the node receives the scheduling from the 
neighboring node, the node will follow the neighboring 
node’s scheduling and randomly wait for a period to broad-
cast its scheduling. The node is called the follower. 

3. When the node is the synchronous node and receives 
neighboring node’s scheduling, the node can have two 
schedules. 

4. S-MAC protocol adopts the physic, the virtual carrier 
and the exchanging mechanism with the low power 
RTS/CTS packets to avoid data packet collision and the 
overdue energy consumption during the period of the Over-
hearing. 

Although the S-MAC is the protocol of the active and 
sleeping mechanism in the fixed cycle, the idle listening time 
is still very long and the extra energy consumption can be 
caused when the network flow is small. Therefore, the tech-
nology of the Multi-Step power control is adapted to adjust 
the RSSI in the receiving terminal and transmit it back to the 
transmission node, which is the basis of adjusting the trans-
mission power. The Step Size can be adjusted according to 
the environment variables, to  make the RSSI of the data 
packet maintain in the fixed value. Later, the data packet can 
be successfully received so that the re-transmission times 
and the energy consumption can be reduced and the 
throughput can be increased.  

3. THE INTRODUCTION OF THE POWER CON-
TROL  

The paper proposes the technology of the Multi-Step 
power control [4], and the technology will be introduced at 
first. Considering the example of the RSSI, the technology of 
the power control can be adapted to adjust to it. δ is the Step 
Size with the power adjustment, Pi(k) is the value of the  
 

 

RSSI in the k time of the i user, γi is the target value de-
manded by the RSSI in the i user, Γi(k) is the actual meas-
ured value of the RSSI in the k time of the i user and the 
error value erri(k)=γi-Γi(k) is derived by the target value 
demanded by the RSSI in the i user minus the actual meas-
ured value of the RSSI in the k time of the i user. The formu-
la, showing the correlation between the Bit number of the 
Multi-Step and the strength multiple in the adjusted Step 
Size is as follows:  

2m-1<2n+1≤2m (1) 

in which n is the constant and adjusts the strength multi-
ple of the Step Size and m is the Bit number of adjusting the 
power control. 

The Bit number of the Multi-Step and the adjusted Step 
Size can be computed through the formula (1), the power 
control Pi(k+1) is as follows:  

Pi(k+1)= ∆Pi(k+1)+ Pi(k), Pi≤Pmax (2) 

in which Pi(k) is the measured power in the k time, 
∆Pi(k+1) is the adjusted value in the k+1 time, Pi(k+1) is the 
actual adjusted value in the k+1 time, and the power control 
∆Pi(k+1) is as follows: 
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in which c is the fixed value which is set up as 1.  
The erri(k) value in the Multi-Step is divided into many 

sections, which are explained in terms of the relationship 
between the erri(k) and the Step Size, as shown in the formu-
la (3). 

1. If the erri(k) value is between the –δ and δ, the meas-
ured RSSI will not do any movements. 

2. If the erri(k) value is between the δ and 2δ, the meas-
ured RSSI will add the δ movement. 

3. If the erri(k) value is between the (n-1)δ and nδ, the 
measured RSSI will add the (n-1)δ movement. 

 

cycle period

Listen Sleep Listen Sleep

time
 

Fig. (1). The figure of the cycle mechanism in the S-MAC protocol. 
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4. If the erri(k) value is between the nδ and ∞, the meas-
ured RSSI will add the nδ movement. 

5. If the erri(k) value is between the -2δ and -δ, the 
measured RSSI will minus the δ movement. 

6. If the erri(k) value is between the –nδ and (-n+1)δ, the 
measured RSSI will minus the (-n+1)δ movement. 

7. If the erri(k) value is between -∞ and -nδ, the meas-
ured RSSI will minus the nδ movement. 

Although the technology of the power control can com-
pensate the wasted energy, the power control is difficult to 
be compensated with a larger signal range and redundant 
assured energy. Therefore, the Step Size must be accorded 
with the following formula so that the Multi-Step can effec-
tively adjust the value power of the RSSI to the required 
target region: 

nδ>|Δβ| (4) 

in which ∆β is a variation of the signal, and the adjusted 
Step Size must be larger than the variation of the signal so 
that the power control can reach the efficiency. 

After the power control, an error range |erri(k)| can be ob-
tained, as shown in the following:  

|erri(k)|<(n+d) δ for k≥K (5) 

4. SYSTEM SIMULATED RESULTS  

The paper realizes the simulated results of the power con-
trol in the S-MAC protocol with the MATLAB simulation 
procedure. The paper simulates 10 sensor nodes which are 
randomly deployed in the environment whose Gaussian vari-
able is 1.5, and the sensor nodes are randomly deployed in 
the plan whose X and Y are 20m, as shown in  Fig. (2). Each 
node can find the shortest route to transmit the data packet to 
the Sink, and the transmitted route nodes can divide three 
topology frameworks of the transmission route, the topology 
frameworks are as shown in Fig. (3). The simulated parame-
ters are set up as shown in Table 1.  

 

Fig. (2). Randomly deployed node.  

 

Table 1. Cycle parameter definition table in the S-MAC activity. 

Parameter  Default  

The node number of the sensors  10  

Cycle time (T) 100ms (0.1s)  

Transmission rate(R)  20Kbps  

Data packet length  250 bytes  

The minimum distance among nodes  1  

Dormancy cycle  50ms  

Collision rate  0.01, 0.05  
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4.1. The Environmental Analysis of the S-MAC which 
Has the Power Control 

After the RTS and the CTS packet is transmitted at the 
beginning of the transmission, the signal strength of the 
transmitted data packet during the period of transmission is 
set up as -60dBm, and the transmission terminal can measure 
the signal strength of the transmitted data packet during the 
period of transmission  to the receiving terminal. The wasted 
energy in the transmission can be determined by the signal 
strength of the data packet received from the receiving ter-
minal. The technology of the power control can be adopted 
to compensate the wasted energy in the next transmitted data 
packet. On the contrary, if there is a little difference between 
the signal strength of the data packet received from the re-
ceiving terminal and the signal strength of the data packet 
received from the transmitting terminal, the data packet in 
the transmission does not consume much energy so that the 
signal strength in the next transmission can be adjusted to 
reduce the energy consumption and improve  energy utiliza-
tion. When the power control is applied, its data packet is 
different from the RTS packet and CTS packet. In the case 
when RTS packet and CTS packet  collide, the back off 
might be possible. If the data packet cannot finish the trans-
mission because of a higher energy consumption, the next 
transmitted data packet in the transmitting terminal will in-
crease the energy, heighten the signal strength and re-
transmit it immediately, while it is different from the RTS 
packet and CTS packet as  it does not perform  the back off 
and just needs to re-transmit it immediately after the adjust-
ment of the power. If it does  back off similar  the RTS 
packet and CTS packet, the significance of the power control 
is lost. Therefore, the re-transmitted mechanism at once can 
avoid losing the data packet and increasing the throughput. 

The formula of the Path Loss considered in the simulated 
environment is as follows: 

0( )[ ] ( )[ ] 10 log[ ] [ ]
0
dPL d dB PL d dB n X dB
d
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 (6) 

in which 0
4( ) 20log[ ]dPL d π
λ

=
 is the Path Loss of the 

referent distance which is assumed to be  40.0460dB, n is the 
attenuation value of the environmental parameter index 
which is assumed to be  2, λ is the wavelength of the carrier 
frequency, PL(d) is the Path Loss between the transmission 
and the reception, Xσ is the random variation which has the 
Gaussian distribution whose average is 0. The ‘do’ is as-
sumed as 1.  

The parameters of the power control in the S-MAC pro-
tocol in terms of  formula (1) and  formula (3) are as follows: 
Step Size=2、m=3、n=2、c=1.According to the above pa-
rameters,  ∆Pi(k+1) in the S-MAC protocol can be obtained, 
as shown in  formula 7: 
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4.2. The Analysis between the Throughput and the Suc-
cessful Packet Received Rate: 

The chapter simulates the throughput and the successful 
packet received rate within the unit time under the condition 
of the different collided rate and the different bounded 
transmitted power. The simulated environment is set up as 
follows: The initial signal strength of the transmitting termi-
nal is -60dBm, the collision rate (x) in the S-MAC is 0.05 or 
0.01, the target value of the power strength control is -
70dBm and the bounded transmitted power (y) is -90dBm or 
-80dBm. The average Throughput of each Hop in different  
 

 

Fig. (3). The topology framework.  
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paths obtained from transmitting 100 packets to the Sink 100 
times under the condition whose collision rate in the three 
paths 5-Hop, 4-Hop and 3-Hop is 0.05 and the bounded 
transmitted power is -90dBm should be simulated, and the 
average successful packet received rate in each path should 
also be simulated. Fig. (4), Fig. 5 and 6) are  the simulation 
result of each Hop’s average Throughput in the 5-Hop, 4-
Hop and 3-Hop, respectively. 

Table 2 is the average successful packet received rate in 
each path. The simulated results with power control and the 
simulated results without power control should be compared 
under the condition whose collision rate is 0.01 and 0.05, 
and the bounded re-transmitted power is -80dBm and -
90dBm.  

In which x is the collision rate and y is the bounded re-
transmitted power. 

 

Table 2. The average successful packet received rate. 

 
 
 
 

 

Fig. (4). The average Through-put of each Hop in the 4-Hop path. 

 

 
Fig. (5). The average Though-put of each Hop in the 5-Hop path. 
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5. SUMMARY  

The paper does the adjustment of the power control to the 
received signal strength in the receiving terminal with the 
method of the Multi-Step power control in the transmitted 
terminal, and it is applied in the S-MAC.  Fig. (3) shows that 
with the increasing  number of the Hop in the transmission 
path, the throughput can be reduced in the S-MAC without 
adding the power control method, while the throughput can 
be maintained into a fixed value after the power control.  Fig. 
(4) and  Fig. (5) can observe the same phenomenon.  Table 2 
shows that the successful packet received rate cannot reach 
to the ideal value when the system requires that the bounded 
transmitted power is -80dBm. If the system requires that the 
bounded transmitted power is reduced to -90dBm, the suc-
cessful packet received rate can reach to the ideal value. 
When the collision rate is 0.01, the ideal value is 0.99. When 
the collision rate is 0.05, the ideal value is 0.95. After the 
comparison, the successful packet received rate after the 
power control under the condition whose S-MAC is 5-hop, 
collision rate is 0.01 and the bounded transmitted power is -
90dBm which can improve to maximum 10%, while the suc-
cessful packet received rate after the power control under the 
condition whose S-MAC is 53-hop, collision rate is 0.05 and 
the bounded transmitted power is -90dBm,  improved to 
minimum 3%. It shows that the throughput and  successful 
data packet received rate in the S-MAC with adding the 
power control is larger than the throughput and the success-
ful data packet received rate in the S-MAC without adding 
the power control. 

The battery energy of the sensor nodes is fixed so that in-
creasing the transmission rate and the re-transmission times 
can cause the whole energy consumption and the reduction 
of the life cycle of the sensor nodes. The above factors will 
be considered in the future and the method of the power con-
trol can be further researched and analyzed.  
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