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Abstract 

       In a sensor node there are processing unit, sensing unit, transceiver unit and, power unit. This 

part of wireless sensor node is built on the Integrated Chip (IC). Reducing node energy 

consumption is important and vital in WSNs. The battery has very limited energy. Given that 

replacing/refilling batteries is usually impossible, it is important to use this limited energy as 

efficiently as possible. In this way we propose a new transmission power control algorithm for 

transmission power level control for each pair of communication nodes, sender and receiver to save 

energy as much as possible. The simulation results  show the proposed algorithm is good for high 

energy saving and link quality. 

Keyword Transmission Power Control, Energy Consumption, Wireless Sensor Networks. 

1. Introduction 

      WSN technology is promising and gaining 

popularity day by day in a different 

applications. The WSN nodes operate on 

battery power which is often deployed in a 

rough physical environment; changing the 

batteries is therefore a complicated task, as 

some networks may consists of hundreds to 

thousands of nodes [S. J. Ali and P. Roy, 

2008]. The life time of a wireless sensor node 

depends on available energy sources and its  

 

overall energy consumption. Further, 

increasing the capacity of batteries is not 

possible due to the small size requirement of 

the nodes [S. J. Ali and P. Roy, 2008]. 

      The methods in which energy savings can 

be classified under two headings [M. Vieira, 

C Jr., D. Junior and J. Mata, 2003]: device 

level which is hardware component selection 

and their configuration to achieve low energy 

consumption and network level which is 
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choice of communication methods and 

protocols to minimize energy consumption. 

At the network level, there are two main 

categories to minimize the energy 

consumption [J. Sheu, K. Hsieh and Y. Cheng 

, 2009]. The first is media access control 

(MAC) layer solution and the other is network 

layer solution. The network layer solution 

utilizes adjusting proper transmission power 

to achieve power saving. The advantage of 

adjusting transmission power is when 

transmitting data at low rate not only reducing 

the amount excessive inference which 

improves spatial reuse, but also prolongs the 

network lifetime. Furthermore, it allow 

several improvements in the operation of 

wireless sensor networks [J. Sheu, K. Hsieh 

and Y. Cheng , 2009]. 

      In this way we propose transmission 

power control algorithm to adjust the 

transmission power level with environmental 

changes. However, selecting proper 

transmission power changes with time and 

environmental changes may be difficult. Low 

transmission power may lose link between 

two nodes and high transmission power 

consumes large amount of energy from 

limited battery node. Therefore we propose 

transmission power control algorithm to 

dynamically adjust a proper transmission 

power for both sender and receiver based on a 

number of experimental results. 

      The rest of the paper is organized as 

follow: related works is presented in section 

2. In section 3, RSSI (Receiver Signal 

Strength Indicator) threshold and RSSI 

threshold range are calculated. In section 4, 

design of the proposed algorithm is described. 

In section 5, our algorithm is evaluated 

through experiments and compared with some 

of existing schemes. In section 6, conclusions 

and future work are given. 

2. Related Works 

       There are many literatures about 

transmission power control for WSNs are 

reviewed in this section. The authors in [S. 

Lin, J. Zhang, G. Zhou. L Gu, J. A. 

Stankovic, 2006] proposed an Adaptive 

Transmission Power Control algorithm 

(ATPC). ATPC has two phases:  initialization 

phase and run-time tuning phase. In the 

initialization phase, each node broadcasts 

beacons at different transmission power 

levels. When its neighbors receive these 

beacons, they measure both RSSI (Received 

Signal Strength Indicator) and LQI (Link 

Quality Indicator) values and send these 

values back by notification packet. When the 

sender receives these notifications, it builds a 

predictive model and determines an optimal 

transmission power level. After the 

initialization phase, a link quality monitor 

module in the receiver decides whether a 

notification packet is necessary. Upon the 

notification reception, the sender adjusts the 

proper transmission power level. The 

drawback of ATPC is that each node 

broadcasts a number of beacons in 
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initialization phase and unicasts a number of 

notification packets. These overhead packets 

increase energy consumption and thus reduce 

the lifetime of the network. 

      The authors in [J. Kim, S. Chang and Y. 

Kwon, 2008] propose an On-demand 

Transmission Power Control algorithm 

(ODTPC). This algorithm removes overhead 

packets exchange to maintain good link 

quality and adjust transmission power level. 

The ODTPC has two phases: large-scale  

transmission  power  control (L-TPC) and 

small-scale transmission power control (S-

TPC). In L-TPC, when a sender has a data 

packet to be sent, it sends the packet with 

maximum transmission power level. When a 

receiver receives the packet, it measures RSSI 

and roughly approximates the transmission 

power level and it adds Margin to the 

approximated transmission power level. Then, 

the receiver sends RSSI value by an ACK 

packet. When the sender receives the ACK 

packet, it roughly approximates transmission 

power level as the receiver does. In S-TPC, 

the sender sends a data packet with the 

approximated transmission power level and 

the receiver sends an ACK packet with 

measured RSSI. If the RSSI value is small 

than a lower threshold, the sender increases 

transmission power level in fixed step, 1. 

Otherwise, if RSSI value is large than an 

upper threshold, it decreases the transmission 

power level in a fixed step. The lower 

threshold and upper threshold are RSSI 

threshold and RSSI threshold+6. The 

drawback of ODTPC is that a receiver does 

not determine the optimal transmission power 

level, but it calculates the approximated 

transmission power level plus Margin. 

     In this paper, we develop an algorithm 

named Sender/Receiver Pair Transmission 

Power Control (SRTPC) which based on a 

number of experimental results. SRTPC 

calculates best transmission power level for 

both sender and receiver to save more energy. 

3. Investigating of RSSI threshold and    

    RSSI threshold range 

      In order to design the SRTPC we need to 

calculate some parameters such as RSSI 

threshold and RSSI threshold range that are 

important in design process. We choose the 

RSSI threshold to provide high PDR (Packet 

Delivery Ratio). To determine RSSI threshold 

we did some experiments. These experiments 

are performed using Castalia simulator  [A. 

Boulis and D. Pediaditakis].Section 4 presents 

the parameters and models used during 

simulation. In Radio model we set the number 

of transmission power level to 15 levels from 

level 1 to level 15 respectively. In these 

experiments we use two nodes, one as a 

sender and other as a receiver. The sender 

transmits 1000 data packet for each 

transmission power level from high to low at 

different distances (5 m, 10 m, 20m, 30 m, 40 

m and 50 m) and different  transmission 

interval (0.1 sec, 1 sec and 10 sec).Then, we 

conclude from experimental results that the 

value of RSSI threshold of -93 dBm will 

satisfy PDR above than 99% and the relation  
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Fig 1.RSSI v. PDR at distance 10m and Tx interval 0.1 sec 

 

Fig 2.RSSI threshold range v. PDR v. Energy consumption at distance 15m and Tx interval 0.25 sec 

between RSSI and transmission power level is 

linear as in Figure 1. 

      After we determine RSSI threshold, we 

choose the RSSI threshold range to satisfy an 

best energy saving. The RSSI threshold range 

is critical to energy saving, if the range is 

small, the oscillation of transmission power 

level will be high, radio signal fading and 

PDR low. If the range is big, the optimal 

power control will not be achieved and energy 

consumption high. Thus, there is conflict 

between PDR and energy consumption in 

determining RSSI threshold range. Thus we 

must choose optimal RSSI threshold range 

that satisfies both high PDR and low energy 

consumption as possible.  

       We did some experiments to calculate 

RSSI threshold range, we use two nodes one 

as sender and another as receiver. The sender 

sends one, two and four data packets every 

one second for period of 24 hours at different 

distances (5 m, 10 m, 15 m, 20 m, 25 m, 30m, 

35m, 40m, 45m and 50 m). We conclude 
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RSSI threshold range of 3; it is best and 

satisfies our requirements as in Figure 2. 

4. Design of SRTPC 

        In this section we propose SRTPC 

algorithm design. The aim of SRTPC is 

determining best transmission power control 

in both sender and receiver to save more 

energy as much as possible and every node 

adjusts its transmission power level with 

environmental changes quickly and maintains 

good link quality.  

       The SRTPC works in the following way:  

Step 1: At first time when a sender wants to 

send a data packet to a receiver, it sends the 

data packet with maximum transmission 

power level and this first data packet contains 

TPL field which is transmitted power level.  

Step 2: When the receiver receives the data 

packet, it measures RSSI of received packet 

and adjust transmission power level as 

following: 

   If (RSSI <-95)  Then TPL=TPL+2 

   If (RSSI <-93 and RSSI ≥-95)  Then  

TPL=TPL+1 

   If (RSSI ≥-93 and RSSI ≤-90)  Then  

TPL=TPL 

   If (RSSI >-90 and RSSI≤-88)   Then  

TPL=TPL-1 

   If (RSSI >-88 and RSSI ≤-86)  Then  

TPL=TPL-2 

   If (RSSI >-86 and RSSI ≤-84)  Then  

TPL=TPL-3 

   If (RSSI >-84 and RSSI ≤-82)  Then  

TPL=TPL-4 

   If (RSSI >-82)  Then TPL=TPL-5 

Step 3:Then the receiver sends ACK packet 

contains RSSI of received data packet field to 

the sender with calculated transmission power 

level. 

Step 4: When the sender receives the ACK 

packet, it stores RSSI of received ACK packet 

and adjusts its transmission power level 

according to above rules. 

Step 5: Next time, when the sender wants to 

send  next data packet to the same receiver, it 

sends this data packet which contains RSSI of 

received ACK packet field with calculated 

transmission power level. 

Step 6: Go to step 2. 

      Sometimes the receiver receives the data 

packet, adjusts its transmission power level 

and it sends an ACK packet, but this ACK 

packet does not reach to the sender. In this 

case the sender sends the data packet again. 

When the receiver receives the data packet 

again, it does not adjust its transmission 

power level again. 

       Based on the linear relationship between 

RSSI and transmission power level as in 

Figure 1, the value of RSSI threshold and the 

value RSSI threshold range as in Figures 1 

and 2, we select the above rules. 

      In this way both sender and receiver 

always send their packets with best 

transmission power level and they adjust their 

transmission power level quickly over time 

with environmental changes. 
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5. Simulation and Results 

5.1Simulation Setup 

       The simulation of the proposed algorithm 

is tested using Castalia [6] and OMNeT++ [A. 

Varga]. Castalia is a framework for WSNs 

that is built on top of OMNeT++. Castalia 

models the different aspects of WSNs such as 

the wireless channel, the physical process, the 

resource manager, the radio  model, the MAC 

layer, the network  layer and the application 

layer. In our simulation, we used S-MAC [W. 

Ye, J. Heidemann and D. Estrin] as MAC 

model and CC1000 Radio [Texas 

Instruments] as Radio model. Table 1 shows 

some values used in the simulations. 

5.2 Simulation Results 

      In this subsection, The proposed 

algorithm is evaluated and compared with 

ODTPC, ATPC, and MAX scheme (MAX 

scheme always sets the transmission power 

level to maximum level)  with two scenarios. 

     In scenario 1 we use a network with 49 

nodes and multi-hope as in Figure 3. The 

network in this scenario forms a spanning tree 

and leaf nodes send packets to sink node 

where each leaf node send one packet to sink 

node every 43.92 seconds for period of 3 

days. Before transmitting data packets, ATPC  

has  initialization  phase: each node broadcast 

one packet at each transmission power level. 

These overheads packets in initialization 

phase consumes more energy where each 

node broadcast one packet at each 

transmission power level and unicasts 48 

packets. 

      Figure 4-a shows overall transmission 

energy consumption in the network, where the 

arrangement of algorithms from low energy 

consumption to high energy consumption is 

SRTPC,  ODTPC and ATPC. This 

arrangement occurs for following reasons: 

SRTPC always adjust transmission power 

level at both the senders and the receiver 

quickly with environmental changes. In 

ODTPC, the receiver approximates 

transmission power level and then add margin 

to the approximated transmission power level. 

In ATPC, the receiver sends a number

  

Table 1.MAC and Radio parameter values in simulation 

Model Parameter Value 

MAC Frame Time 610 msec 

MAC Listen Timeout 305 msec 

Radio Transmission Power Levels 
[10, 8, 6, 4, 2, 0, -2, -4, -6, -8, -10, -12, 

-14, -17, -20] dBm 

Radio 
Transmission Power 

Consumption Per Level 

[80.1, 60, 47.4, 41.4, 38.4, 31.2, 29.1, 

28.8, 26.1, 24.6, 23.7, 22.8, 22.2, 21.3, 

15.9] mWatt 
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of overhead notification packets to the 

senders to adjust transmission power level at 

senders. In addition to, ATPC consumes more 

energy in initialization phase. 

      Figure 4-b shows PDR of all algorithms 

where PDR of SRTPC and ODTPC are very 

close together because these algorithms select 

the transmission power level based on the pre-

determined RSSI threshold which can provide 

PDR with more than 99% whereas PDR of 

ATPC is less than SRTPC  and ODTPC 

because ATPC sends a number of overhead 

notification packets with data packets at same 

time, this increase traffic in the network. 

      In scenario 2 we implement one of WSN 

applications which is periodic reporting 

application with 120 ordinary nodes and one 

sink node where ordinary nodes send reports 

 

Fig 3.The network in Scenario 1 

 

(a) Energy Consumption       (b) PDR 

Fig. 4.Transmission Energy Consumption and PDR in Scenario 1 
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periodically to sink node, these nodes are 

distributed uniformly on area of 100*100 m
2
. 

Each ordinary node senses an environment 

and sends report to sink node every 73.81 

second. We set initial energy of ordinary 

nodes and sink node to 10 joule and 1000 

joule respectively. In order to see the impact 

of transmission energy on lifetime of the 

network, we set the cost of energy due to 

reception, listening and sleeping to zero. 

Before sensor nodes send reports to sink 

node, ATPC has initialization phase: each 

node broadcasts one packet at each 

transmission power level and unicasts 120 

packets.  

     Figure 5 shows average lifetime of 

ordinary nodes, we can see SRTPC has larger 

time than ODTPC and ATPC because the 

ordinary nodes in SRTPC always adjust their 

transmission power level quickly with 

environmental changes whereas in ATPC they 

adjust their transmission power level after the 

sink node send a number of notification 

packets to the ordinary nodes and in ODTPC, 

the ordinary nodes do not determine an 

optimal transmission power level because 

they do not use the optimal RSSI threshold 

range. 

     Figure 6 shows average transmission 

energy consumption every one hour in sink 

node, we can see SRTPC consumes less 

energy than ODTPC and ATPC because in 

ODTPC, the sink node approximates 

transmission power level and then adds 

margin to the approximated transmission 

power level and in ATPC, the sink node sends 

a number of overhead notification packets to 

the ordinary nodes in addition, the sink node 

consumes extra energy in initialization phase. 

    Figure 7 shows PDR in scenario 2. Because 

we use S-MAC as MAC protocol, so as the 

number of nodes is large the synchronization 

among nodes become difficult and the PDR 

decrease. In this figure, we can see PDR for 

SRTPC and ODTPC is very close together 

and we also can see PDR for ATPC is less 

than other algorithms because the ordinary 

nodes cannot adjust their transmission power 

level quickly unless the sink node sends a 

number of notification packets to them.

 

Fig. 5. Average lifetime of ordinary node in Scenario 2 
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Fig. 6. Average transmission energy consumption at sink node every one hour in Scenario 2 

 

Fig. 7. PDR in scenario 2 

6. Conclusions and Future work 

     The energy consumption is vital in WSNs. 

In this paper, we propose an algorithm called 

Sender/Receiver Pair Transmission Power 

Control (SRTPC) to control transmission 

power in both sender and receiver over time 

to save more energy. We did experiment to 

calculate an optimal RSSI threshold range 

that satisfies high PDR and low energy 

consumption as possible because RSSI 

threshold range is critical to save energy. The 

simulation  results show that SRTPC is good 

to save energy and provide high link quality. 

       

       The control of transmission power level 

depends on some parameters like RSSI 

threshold and RSSI threshold range. These 

parameters may be different from one 

environment to another. One possible way to 

allow these parameters to change with 

different environments. Therefore, 

enhancement to the proposed algorithm and 

make it adaptive with different environments 

is our major future work. 
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 انًهخص

الاستشعاس ودذة الاسساه و الاستلاً و ودذة تجهيض اىقذسة و هزه اىىدذاث تجَع عقذة الاستشعاس تتنىُ ٍِ ودذة اىَعاىجت و ودذة 

(. تقييو استهلاك طاقت اىعقذة ٍهَت جذا في شبناث الاستشعاس اىلاسينيت خصىصا اُ اىبطاسيت راث طاقت ٍذذدة ICبذائشة ٍتناٍيت )

اىطاقت اىَذذودة بنفاءة بقذس الاٍناُ. في هزا اىبذث ّقتشح  جذا و اُ استبذاه اىبطاسيت غيش ٍَنِ عادة ىزىل ٍِ اىَهٌ استخذاً هزه

خىاسصٍيت ىيتذنٌ بقذسة الاسساه ىنو صوج ٍِ عقذ الاتصاه اىَشسو و اىَستيٌ ىذفظ اىطاقت بقذس الاٍناُ. تىضخ ّتائج اىَذاماة اُ 

 اىخىاسصٍيت اىَقتشدت جيذة ىذفظ اىطاقت.

 

 ه, اىطاقت اىَستهينت, شبناث الاستشعاس اىلاسينيتاىتذنٌ بقذسة الاسسا   انكهًاث الافتتاحيت

 


