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ABSTRACT:  In this paper, we propose a Transmission Power  Control(TPC)  algorithm for  power management,  
energy-efficiency and delay- aware communication  in wireless sensor network. Transmission Power Control 
Algorithm not only prolong the lifetime of sensor nodes by saving the energy consumption but enhance throughput and  
performance of packet delivery ratio. Apart from that,  it can also reduce the interference between transmitting nodes. 
According to this algorithm, each node utilizes the RSSI (Received Signal Strength Indicator)value  to determine the 
appropriate transmission power for its neighbors. Proposed algorithm can dynamically adjust the transmission power 
with the environment change. The experimental results show that our algorithm can save power energy, improve 
network lifetime, throughput and  packet delivery ratio.It enables each node to determine and regulate its transmission 
strategy to provide minimum energy consumption without sacrificing end-to-end delay performance and also each node 
can select an optimal path for data transmission. It is implemented using Network Simulator-2. 
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I.INTRODUCTION 

Wireless Sensor Networks(WSN) consist of small sensing devices called nodes and consist of CPU(for data 
processing), memory(for data storage), battery(for energy) and transceiver(for receiving and sending signals or data 
from one node to another). Nodes in a WSN are deployed to sense physical or environmental conditions for a wide 
range of applications, such as environment monitoring, scientific observation , emergency detection, field surveillance, 
and structure monitoring. Source nodes deliver packets to sink nodes via multiple hops, leading to the problem on how 
to find routes that enable all packets to be delivered in required time frames, while simultaneously taking into account 
factors such as energy efficiency and load balancing[1]. Many previous research efforts  achieved trade-offs in terms of 
delay, energy cost, and load balancing for such data collection tasks but does not achieved power management to 
enhance lifetime and throughput of the network .Sensor node works on power source which is necessary for 
communication. Lifetime of a power source is a critical factor for lifetime of a sensor node. So, Power saving is one of 
the most important issues in wireless sensor networks (WSNs).Designing an algorithm for power management is 
essential in a Wireless Sensor Network. 
 
In this paper, we propose a Transmission Power Control algorithm for  power management,  energy-efficient and 
delay- aware communication  in wireless sensor network. Transmission Power Control Algorithm not only prolong the 
lifetime of sensor nodes by saving the energy consumption but enhance throughput and  performance of packet delivery 
ratio. Apart from that,  it can also reduce the interference between transmitting nodes. According to this algorithm, each 
node utilizes the RSSI (Received Signal Strength Indicator)value  to determine the appropriate transmission power for 
its neighbors. Proposed algorithm can dynamically adjust the transmission power with the environment change. The 
experimental results show that our algorithm can save power energy, improve network lifetime, throughput and  packet 
delivery ratio.It enables each node to determine and regulate its transmission strategy to provide minimum energy 
consumption without sacrificing end-to-end delay performance and also each node can select an optimal path for data 
transmission. 
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II.RELATED WORKS 

Two categories of literatures are related to our research. One is to investigate the characteristic of wireless links in 
sensor networks through analyzing several experimental data. The other is considering how to achieve controlling 
transmission power in WSNs. Here are some researches [5, 6, 7, 8, 9] related to the first category. In [9], the authors 
have done several experiments and analyzed the relationship between the RSSI value and LQI value with packet 
delivery ratio. Because the fluctuation of LQI value is much more than the RSSI value within a period of time detected 
by a sensor, the authors presented a method to predict the packet delivery ratio by collecting the numbers of LQI value. 
They found that average these LQI value in different average window size will affect the accuracy of prediction of the 
packet delivery ratio. Average window size is the average LQI value of several numbers of packets. Therefore, the 
more average window size will result in higher accuracy of prediction. The authors in [5] presented one kind of cost 
metric named as “link inefficiency” to measure the energy cost of links. The link inefficiency is the inverse of the 
packet delivery ratio. Note that, a perfectly efficient link has link inefficiency 1. The link inefficiency grows as a link 
get worse. In other word, the inefficiency increases corresponding to a larger amount of energy spent on that link due to 
retransmissions. In this concept, they also proposed a mathematical way to predict the relation between the signal to 
noise value and the packet delivery ratio, beside they also provide a measuring way with the energy cost on the link. 
 

III.TRANSMISSION POWER CONTROL SCHEMES 

This section reviews Transmission Power Control schemes specifically developed for wireless networks.There are two 
approaches used for Transmission Power Control algorithm. They are location based TPC algorithms and RSSI based 
TPC algorithms. Three different location based TPC algorithms have been investigated, namely: (i) Location Aided 
TPC algorithm [LATPC], (ii) TPC algorithm based on Location Prediction using a fixed channel model [LPTPC] and 
(iii) TPC algorithm based on Location Prediction using Markov Model [LPMTPC] Location Aided TPC algorithm 
(LATPC). Four different RSSI based TPC algorithms have been investigated, namely: (i) RSSI based TPC algorithm 
using Simple Mapping [SMTPC] (ii) Fuzzy Logic based TPC algorithm using RSSI and LQI [FTPC1] (iii) Modified 
Fuzzy Logic based TPC algorithm using RSSI and Ptsrc [FTPC2] and (iv) Enhanced Fuzzy Logic based TPC algorithm 
with Markov model for RSSI prediction [EFTPC].Here in our paper we use RSSI based TPC algorithm. 
 
In location based Transmission Power Control (TPC) algorithms, the distance information is derived from the Received 
Signal Strength Index (RSSI). Hence, TPC algorithms can be implemented efficiently using RSSI values directly. RSSI 
based TPC algorithms utilize the currently observed RSSI value of a received packet as the primary input along with 
additional inputs such as transmission power of the source node (Ptsrc) and Link Quality Index (LQI) for deciding the 
required transmission power(Ptreq). 
 

IV. TRANSMISSION POWER CONTROL ALGORITHM 

Our power control algorithm is based on the RSSI value and LQI value of the received packets. LQI and RSSI value 
have a very high correlation. The LQI value is not only the indicator of quality of a received packet but also an 
indicator of the received signal strength.  In our algorithm, we will utilize both RSSI and LQI value as a basis of 
adjusting transmission power level.  Our algorithm consists of initial phase and maintaining phase. In initial phase, each 
node tries to find a proper transmission power level for its neighboring nodes. In maintaining phase, each node will 
dynamically adjust a proper transmission power level according to the average RSSI and LQI value of the received 
packets[2].Value of RSSI can be calculated using the equations given below: 
 
             Distance(i, j) = sqrt( (node_coord(j,1)-node_coord(i,1))^2 + (node_coord(j,2) - node_coord(i,2))^2 ) 

             Rss(i,j)= (Total transmission power/distance) 
 
In initial phase, each node determines a proper transmission power level for each of neighboring nodes. Firstly, each 
node broadcasts Request To Send(RTS) packets with transmission power level and remaining energy to neighboring 
nodes. The RTS packet includes two fields. One is ID field which is used to tell the receiving neighboring node about 
the source ID of the packet. The other field indicates the transmission power level of the packet and the remaining 
energy of node. Secondly, once a node receives the RTS packets from its neighboring nodes, it will count the number 
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of packets received from each neighboring node with each power level. Each node can determine a minimum 
transmission power level for each of its neighboring nodes according to if the number of packets received for the 
minimum transmission power level is larger than a threshold. Since each node broadcasts 100 RTS packets for each 
transmission power level and the packet delivery ratio is about 90%, the threshold is set as 80. When a node broadcasts 
all the RTS packets, it can find the initial transmission power level for each of its neighboring nodes. Then each node 
will broadcast an Initial Power Level packet including the initial transmission power level of its neighboring nodes. For 
a source node, it is transmission power of source node. When a node received the Initial Power Level packets from its 
neighboring nodes, it will enter the maintaining phase.  
 
The main purpose of the maintaining phase is adaptively determining and adjusting the required transmission power 
level with environmental change. Each sensor node utilizes the collected RSSI value and LQI value to determine the 
required transmission power level that can achieve high packet delivery ratio and save transmission energy[2]. Each 
node utilizes the RSSI value for route construction also .After the route have been constructed, each node establish 
session key. By using session key the data is send from source node to intermediate nodes. The intermediate nodes then 
authenticate with neighboring nodes by using session key .if the session key for the two nodes are not identical,  then 
that node is not used for data sending to the destination. Based on RSSI value and remaining energy of each node, the 
optimal path is selected. Each node attaches the used transmission power level when forwards or transmits data packets 
to one of its neighboring nodes. Once anode receives a data packet, it will send an ACK packet back to the sender. The 
ACK packet piggybacks the RSSI and LQI values .when received the data packet. Each node can collect the received 
RSSI value and LQI value from its neighboring nodes. After each sensor node collects a number of RSSI and LQI 
values, the node will determine a new transmission power level for each of neighbor nodes accordingly.  
 
A transmission power level is determined according to the received RSSI and LQI values. When a node A received a 
number of RSSI and LQI values from one of its neighbors B, node A averages the RSSI values and LQI values which 
are denoted AvgRSSI and AvgLQI, respectively. If the AvgRSSI is larger than a threshold RH (RH <AvgRSSI), node 
A will decrease the transmission power level by one for node B. If the AvgRSSI is smaller than a threshold RL 
(AvgRSSI <RL), node A will increase the transmission power level by one for node B. If the AvgRSSI is between the 
RSSI thresholds RL and RH (RL≤ AvgRSSI≤ RH) and AvgLQI is smaller than a threshold LTH (AvgLQI <LTH), 
node A will increase one transmission power level for node B. This is because the link quality is not good enough and 
the signal strength may become weak or break later. In the rest conditions, node A will keep the same transmission 
power level for node B[2]. 
 

V.POWER MANAGEMENT FOR THROUGHPUT ENHANCEMENT 

The operation which consumes most power is data communication. Transmission power adaptation for a particular 
transmitter-receiver pair based on several environmental conditions is an approach for power optimization. Here we 
perform power management by transmission power control algorithm Two main factors including distance and wireless 
link quality affect the transmission power required to reach the receiver. The link quality depends upon several factors 
such as physical barriers and climatic conditions. At a given link quality, transmission power is adjusted in order to 
maintain a good link which supports data delivery success. We can enhance the throughput of a network by power 
management using the transmission power control algorithm based on RSSI. There are several effects for varying the 
transmission powers on average power consumption and end-to-end network throughput. There is a tradeoff between 
transmission power reduction and the increase in the number of intermediate hops[3]. Transmitting data at high power 
may reduce the number of hops required to reach its destination. However, interference is likely to occur[3]. Moreover, 
each wireless node has limited power. Multi-hop communication is then required[3].There is a linear relationship 
between the transmission power and RSSI .RSSI was inversely proportional to the square of the distance[3].In order to 
assign a minimum and workable transmission power to each communication link, a transmission power control 
algorithm was designed. As a result, each node assigns a different minimum transmission power for each link. Two 
main ideas behind its design is a neighbors table which is maintained by each node and a closed loop for transmission 
power control which runs between each pair of sensors. The entries of the table include Node ID, proper transmission 
power levels defined as the minimum power which provides a good link quality and several parameters used for linear 
predictive models of transmission power control. The closed loop feedback is used to obtain the minimum transmission  
power by gradually adjusting the power. 
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This power management approach would help in reducing the system power consumption and hence prolonging the 
battery life of mobile nodes. Furthermore, it improves the end-to-end network throughput as compared to other 
networks. The improvement is due to the achievement of reduction in the average number of hops to reach a 
destination, and the average number of transmissions. The algorithm determine an optimal path where  power 
consumption can be minimized so as to reach the destination nodes in the network to achieve enhanced throughput. It is 
seen a network with such a power management scheme would achieve a better throughput performance and lower 
transmit power than a network without such a scheme[4]. 
 
The radio transceiver of a sensor node consumes current at different rates depending on its state: sleep, idle listening or 
transmission, and setting the radio transmission power changes the current consumption at transmission state. Since 
increasing the radio transmission power has both positive (reduced number of hops to the destination) and negative 
effects (increased interference among nodes), the radio transmission power needs to be set to the right level to achieve 
the best performance. We are calculating the RSSI value for each node then the node will be selected by the RSSI 
value. If RSSI value is high then the selected node is enter into the routing path. Power management is essential for a 
Wireless Sensor Network. Its reduces the transmission power of data so as to improve throughput of network. 
Transmission Power Control Algorithm based on RSSI is used in our work. RSSI value can be measured from distance 
between source node and destination node and total transmission power. 
 

VI. SYSTEM MODEL 
 
In the fig 1, it shows the system model for energy-efficient power management in a Wireless Sensor Network by using 
transmission power control algorithm. 

 

 
Fig. 1 System Model 

 
According to this model, we have to create a Wireless Sensor Network .A Wireless Sensor Network consist of many 
number of sensor nodes. From the large number of sensor node, select a source node so as to transmit data to the 
destination node. Each node in the sensor network performs status gossiping. Based on RSSI value, route is 
constructed. Optimal route is selected based on the Transmission Power Control Algorithm. Life time of a Wireless 
Sensor Network depends on lifetime of the sensor node in the Wireless Sensor Networks. If lifetime of each sensor 
node in the network increases, life time of the entire Wireless Sensor Network increases. If power at each sensor node 
in the sensor network is managed, power consumption of the entire network is minimized and by reducing the power 
consumption the throughput of the network can be increased. Improving throughput of the network is an advantage for 
the Wireless Sensor Networks. So, throughput can be enhanced by power management using the Transmission Power 
Control Algorithm as shown in system model. 
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VII. SIMULATION RESULTS 
 

 
Fig. 2 Optimal route for sending data 

In the fig 2, it shows the optimal path selected between source and destination node for sending data by using 
Transmission Power Control Algorithm. An optimal path reduces the cost for transmitting data from source to 
destination .Least cost is an advantage for a sensor network. As shown in the fig 2, red path indicates the optimal path. 
 
 

 
Fig .3 Packet delivery ratio 

In Fig 3, Packet delivery ratio of a system with Transmission Power Control Algorithm and system without 
Transmission Power Control Algorithm is compared. As packet delivery ratio increases, throughput of a network 
increases. Packet delivery ratio is the ratio between the number of packets successfully received by the sink and the 
number of packets generated by source nodes. 
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Fig.4 Lifetime comparison 

In Fig.4, shows the comparison between lifetime of network with Transmission Power Control Algorithm and network 
without Transmission Power Control Algorithm. As power consumption at each node is minimized, the lifetime of each 
sensor node increases and therefore lifetime of the sensor network increases. 

VIII.CONCLUSION 
In this paper, Energy efficient power management is carried out in Wireless Sensor Networks. Here, in this work 
performed a comparison between the network with power management and network without power management. 
Power  management is based on Transmission Power Control Algorithm. Transmission power Control Algorithm based 
on value of RSSI is carried out in the Wireless Sensor Networks. This method reduces the power consumed at each 
node and therefore resulted in the reduction of power consumption throughout the network .As a result, the lifetime and 
throughput of the network is improved. Simulation results were obtained and comparison between network with power 
management based on TCP and network without this scheme is performed and obtained. 
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