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Abstract—Currently, energy-efficient routing protocol is a 

research hot topic in WSN networks due to the limited energy 

from the battery. In this paper, a saving energy model is 

proposed to guarantee minimal the energy consumption of the 

entire chosen path and prolong the respective node lifetime of 

entire path utilizing minimal power consumption of each node 

and extend the whole wireless network lifetime. Based on this 

novel saving energy model, the effect to normal channel is 

reduced from the energy consumption and network partition. An 

approximation algorithm is presented for solving this energy 

model considering the NPC problem about this novel energy 

model. Extensive simulation reveals that the proposed 

EA_AODV protocol is superior to the traditional AODV protocol 

from the perspective of saving energy and prolonging network 

lifework, the EA_AODV protocol validity is also verified by 

related simulation in this paper. 
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I.  INTRODUCTION  

Wireless sensor network (WSN) is widely considered as 

one of the most important technologies in the twenty-first 

century. because sensor nodes are powered by battery and it is 

often very difficult or  even  impossible  to  charge  or  

recharge  their  batteries,  it  is  crucial  to  reduce  the  power 

consumption of sensor nodes so that the lifetime of the sensor 

nodes, as well as the whole network is prolonged. 

Research for WSN network Saving Energy routing 

protocol is currently a hot topic, Several classic routing 

protocols are the shortest route made by IETFs MANET group, 

namely minimum hop routing, without considering the energy 

factor. However, the WSN network nodes are mostly portable 

devices, limited by the sized battery-powered, how to save 

energy nodes and prolong network lifetime as much as 

possible  gradually become a measure of the performance of 

the routing protocol important indicator. 

Currently, WSN energy-saving routing algorithm mainly 

adopts two methods. The first one has each packet sent 

consumed minimum energy [1-5], the second is to extend the 

survival time of the network as much as possible [6-10]. The 

first routing algorithm idea is, by finding the minimum 

transmission power routing so that each packet sent minimize 

the energy consumed, to achieve the purpose of saving energy. 

But it still retains the original routing algorithm problem, that 

is, once selected a route, it will continue using it until the data 

transmission is finished unless network topology changes or 

updates, so with minimum hop routing protocols, easy makes 

certain key nodes energy depletion because of the excessive 

use it, resulting in premature network division. The second 

routing algorithm idea to solve this problem protects network 

nodes of the less residual energy to achieve delayed network 

split and prolong the survival time of the network. 

Since these two ideas are considered relatively one aspect, 

the method of this paper is the combination of these two ideas, 

that is combined with network lifetime and energy 

consumption of nodes achieving two goals condition. A new 

energy model is proposed is this paper to ensure that all nodes 

balance energy consumption and prolong the survival time of 

the network. 

II. A NEW ENERGY MODEL AND QUESTION FORMULATION 

A. Service Oriented Architecture (SOA) 

According to graph theory, WSN networks can use a 

directed graph G = (V, E) to describe, where V is the set of 

nodes, E is the set of direct communication links between 

nodes (within communication range of each other), | V | = N, | 

E | = M. In conventional communication networks, the edge (u, 

v) of nodes u and v the number of hops can be represent the 

hop, link capacity and the link load and so on. But here 

represents the energy consumption level. 
In light of the signal transmission model, the received 

signal power can be represented 
nd 

, d represents the distance 

between two transmission nodes within the communication 
range with each other. Generally, n = 2 represents the closer 
distance between the two nodes transmission, n = 4 is said 
further transmission distance. we give a formula to calculate 
the transmission power e as follow. 
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Where   a positive constant number , vuS ,  is the channel 

interference of link (u, v) between u and v, vud ,  is the distance 

between node u and v, n is 2 or 4 to take. 

In this model, simplifying the relevant parameters, obtain 
the following formula. 
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Where K is a positive number, α  still takes 2 or 4, the meaning 

of vud ,  as defined above. 

In fact, the network model is a directed graph Gs = (V, Es), 

Thai is a subset of G., )(vPt  denotes the remaining energy of 

the node at the time t, in order to simplify the convenience, we 

omit the parameter t so that can be denoted by )(vP , Suppose 

the initial energy of the node v is  E(v). When a node jv  in the 

transmission range of node iv and iv send packets to jv using 

power )(vP , there is a direct link between iv  and jv in 

Gs.. It is clear, MEs |||| , EEs  . 

)(uP  represents the residual energy the node of u at time t, 

v is directly adjacent the node u, the ratio of the node u 
remaining energy (power consumption rate) is. 
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In a directed graph Gs, P is a directed path of directed 
connected link (v0, v1), (v1, v2),..., (vl-1, vl) , v0 is the source 
node, vl is the destination node. Therefore, to obtain an optimal 
route from v0 to vl should meet the following two conditions. 

(1) The transmission energy consumption on the path P is the 
least, i.e. the following formula. 
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(2) Ensure that minimum energy consumption rate  of each 
node in the path P maximized, that is to ensure that all nodes 
have the longest survival time, and then to make the longest 
survival time of the network. 

}}{{ ivMINMAX  )(PVvi                              (5) 

III. THE ROUTING ALGORITHMS  

According to the energy model of the previous section, the 
best route required not only necessarily to meet the minimum 
transport energy consumption on the route path, but also to 
meet the longest survival time of the network. From the 
analysis it can be seen the problem is NP-complete problem, it 
is impossible to obtain the optimum results. Therefore, we 
construct approximate routing algorithm to ensure get a 
suboptimal solution.. 

A. Approximation Algorithm Idea 

In a directed graph Gs, the weight of each edge link (vi, 
vi+1) is set to double weight, repressed as the following 

formula. 
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Where first item denotes the transmission energy 
consumption, the second term is expressed as the weight of the 
survival time of the corresponding node. Considering each 
node in the network to ensure the evenly energy consumption, 
the total energy consumption on route path is set to a lower 
bound βL, β is a positive number that is greater than 1, L is the 
minimum number of hops on the path, the upper bound Fv (θ ), 
denotes the maximum energy consumption from the source 
node to the destination node. In addition, introduce the 
threshold θ so that the energy consumption rate of each node is 
not less than θ, 0 <θ <1, ensure that certain node less energy 
consumption. 

Based on the above conditions, we can draw the algorithm 

model as follows. 

Objective function: 
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(2)    )(sF  =0 

(3)    )(DF βL 

Among them, the nodes iv  and jv directly connected with 

each other, node iv  send packets to its neighbors. iv  with 

power )( ivP . 

B. Approximation Algorithm 

given the parameter  ，β, the function FIND(Gs, , 

β) shown in Fig .1 achieves the goal that whether a certain 

route path from source node S to destination node D in Gs 

exists and the total transmission energy consumption of the 

path is less than βL , while the energy consumption rate for 

each node is not less than  . 

FIND(Gs,  , β)  

)(SF ←0; 

Length_Path_Nodes[S]←S; 

For all v∈V-{S} do 

)(vF ←∞; 

Endfor 

For i←1 to N-1 do 

For each (u,v)∈Es do 

If  
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           Length_Path_Nodes[u]←v; 

Endif 

   Endfor 

Endfor 

If )(DF βL  

then return true; 

Else return false; 
Endif 

Figure 1. function FIND(Gs, , β) 

Based on the functions FIND(Gs,  , β), the function 

Find_Approximation_Path shown in Fig .2 determine a less 

energy consumption path, achieves the near optimal purposes. 

Find_Approximation_Path(Gs, ) 

Min_level← ;       // the minimum bound of   

Max_level← 1;       // the maximum bound of   

While(Max_level －Min_level > ) do 

            ←
2

__ levelMinlevelMax 
; 

If  FIND(Gs,  , β)   

Then   Min_level   ← ; 

Else    Max_level  ← ; 

Endif 

Endwhile 

Figure2. function Find_Approximation_Path (Gs) 

IV. SIMULATION  

NS2  is an experimental simulation platform in this paper, 

based on a modified AODV protocol draw EA_AODV, 

compare the two aspects relative performance of the energy 

consumption and the network lifetime . The required network 

topology of experiments was generated by the NS2 setdest 

tools. The running rate and the initial positions of the nodes 

are randomly set during the entire simulation time to simulate 

the random running scene. Regional scene for the whole 

experiment is 500m × 500m, the simulation time is 900s, the 

maximum running rate of nodes is 15m / s. The number of 

nodes in the simulation scenarios is 25, the initial energy is 10, 

20 ,30 and 40 energy units respectively, residence time is 

0,20,120,600,900 respectively. 15 kinds of random 

experimental topology are generated , each case correspondes 

five kinds. The final data is of the average value of the five 

kind topology data. Random data flow between nodes is set by 

cbrgen tool, The udp stream is generated by randomly 

generated 20 sender to 20 recipient, Each CBR packet is 512 

bytes, 4 packets are transmitted per second, bandwidth is of 

2M, Transmitting radius of nodes is of 250m. Other 

parameters used in the experiment is as follows: channel and 

wireless models is two-ray ground reflection model, MAC 

layer uses the IEEE 802.11 DCF (Distributed Coordination 

Function). 

Fig .4 to Fig .6 show, at different initial energy and 

residence time situations, the total energy consumption and the 

network survival time of the two protocols. Performance 

parameters of the two comparison are under the following 

description. 

(1) Energy consumption: The total of the energy 

consumption of all nodes from 0s and 900s simulation time.  

(2) The network lifetime: The death time of the first node 

in the network . 

 
Figure 4. Initial energy and total energy consumption 

 
Figure 5. Residence time and the total energy consumption 

 
Figure 6. Initial energy and network lifetime 

As can be seen from Fig .4, the energy consumption of the 

protocol EA_AODV slightly smaller. Because the protocol 

when looking for a suitable route, each node takes into 

account the energy consumption, but also consider the rate of 

energy consumption, so that in the case of satisfying the above 

two factors, to reduce the total energy consumption. Fig .5 

shows the node under different residence time, energy 

consumption and less taught EA_AODV protocol, which is 

mainly due to the increased energy efficiency of the policy and 

adding the residence time, thereby reducing the consumption 
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of excessive energy nodes. Fig .6 reflects the agreement in 

EA_AODV different initial energy, the lifetime of the network 

longer, due to our algorithms and models, to ensure minimum 

energy consumption rate of each node of the premise, to avoid 

excessive energy consumption node, thereby increasing the 

survival time of the network. This effect is also obtained from 

Fig .7, the performance. Therefore, from different initial 

energy and residence time of two terms, EA_AODV 

agreement than has been significantly improved performance 

on AODV. However, the improvement of this paper is built on 

four possible routes break situation, so find other situations 

that may arise, quickly establish alternative routes and carry 

out other aspects of our performance comparison in another 

direction for future research. 

 
Figure 7. Residence time and network lifetime 

V. SIMULATION  

WSN network routing algorithm based on limited energy 

is a hot topic. In the current research background, consider the 

node energy consumption of two aspects, to ensure the 

minimum total energy consumption on the path, while to 

prevent excessive energy consumption of each node to satisfy 

a long lifetime of each node, so that the survival time of the 

network can be extended. The issue meeting these two 

objectives is a NP problem, therefore propose an 

approximation algorithm to find an approximate optimal path. 

The protocol is simple, relatively easy to achieve. Future 

studies may add some related QoS metrics to expand the 

protocol, so that there are good theoretical guidance in real-

time multimedia applications in WSN network. 
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