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ABSTRACT 

The routing and scheduling policies suggest that do not necessitate clear knowledge of the information of 
the energy harvesting or the traffic generation processes, and are able to dynamically learn and adapt to 
time variations in the physical and network environments, so as to deliver data rates that are optimal in the 
long term. This research acquire hops on ability of the energy storage devices at the individual nodes that is 
simply required for getting maximum throughput in the network and also to calculate  the fraction of the 
throughput area is reached when the energy storage competence is under limit. Since energy is a limited 
resource, various energy-aware routing algorithms have been suggested to develop network performance. 
Thus, this research contributed here to develop a unified routing algorithm known as the Energy-efficient 
Unified Routing (EURo) algorithm that contains several combinations of these exceeding key elements and 
adjusts to varying wireless environments. 

Keywords: Multi-hop Routing, Wireless Ad-Hoc Networks, Energy Constrained, Energy-Efficient Unified 

Routing (EURo) 

1. INTRODUCTION 

Presently, huge demands for self-
organizing, fast deployable multi-hop wireless ad 
hoc networks move toward with the progress in 
wireless portable knowledge. Such networks are 
formed by a group of wireless devices lack of 
requiring exclusive base stations or wired 
communications. They are cheap and ideal for 
marketable applications such as convention centers, 
electronic classrooms, and community mesh 
networks. With multi-hop wireless ad hoc 
networks, messages may be transmitted by multiple 
radio hops, and thus a routing protocol is sufficient 
for the success of such networks. After substantial 
research efforts in the most recent years, routing for 
multi-hop wireless ad hoc networks suits a well-
understood and broadly examined problem. For 
quite a while, does not motivate further research 
interests when most problems seem solved. 
However, with the emergence of new transmitter 
technology, existing routing solutions in the 
traditional radio transmission model are not well-
organized anymore. 

In fact, the four key metrics 
communication energy, interference, residual 
battery power, and energy replacement concerns the 

alternative of finding energy-efficient routes. For a 
specified wireless network, the parts of the key 
elements can vary. This research makes the 
following contributions to develop a EURo that 
parameterizes of all these four key elements. This 
research shows how the proposed algorithm works 
in different environments and how the planned 
algorithm is related to other algorithms in previous 
works. Throughout this research, unless declared 
otherwise, this work use boldface notation to 
indicate either a matrix or a vector. 

The rest of work is organized as follows. In 
Section II, describes the previous studies and affirm 
basic assumptions. In Section III, develops an 
energy efficient unified routing algorithm and 
studies the properties of the proposed routing 
algorithm in various environments. In Section IV, 
provide numerical results to study the efficacy of 
the scheme. This research concludes in Section V. 

2. LITERATURE SURVEY 

Shu et al (2013) they developed algorithm 
to dynamically fine-tune the system topology 
within the cluster to reduce the energy consumed 
for communication, thus expanding the life of the 
network as gaining proper performance for data 
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broadcast. De Oliveira et al (2011), they estimate 
the energy efficiency of some transmission systems 
in wireless sensor networks. Through constraining 
the scheme to uninterrupted throughput necessities, 
they take for granted that the nodes in multi-hop 
and cooperative systems operate at a phantom 
efficiency which is twin that of the single-hop 
communication. Ding et al (2011), this article 
shows a cross-layer routing is measured through 
applying cooperative transmission and a new 
approach of path selection is planned to achieve a 
better tradeoff between the transmission power 
consumption and end-to-end consistency. Then 
they focus on formulating the objective functions 
for the addressed cross-layer optimization problem. 
Dewangan et al (2014), they mainly revised the 
duration for maximizing broadcast tree production 
for a given non cooperative broadcast tree in 
cooperative routing method in power constrained 
wireless network. This article work presented to 
identify energy inefficient directed borders and 
restores them by directed energy efficient 
cooperative paths. 

Li et al (2013), they develop the 
performance of cooperative LEACH transmission 
system firstly. Based on this improvement and Ant 
Colony Algorithm-MIMO (ACAMIMO), a new 
transmission system has been located forward to 
calculate energy-efficient transmission. Moreover, a 
heuristic ant colony algorithm which uses the 
distance and the residual energy of the adjacent 
nodes to build a heuristic factor is proposed. Patil et 
al (2014), in this research article, a variety of 
energy efficient methods are examined. The 
proposed MIHOP (MIMO and Multi-hop) method 
combines cluster-based virtual MIMO and multi-
hop technologies. Wang et al (2013), they first 
extend a taxonomy to recapitulate the preceding 
energy-efficient cooperative routing algorithms and 
match their pros and cons. In particular, they focus 
on the relay set selection approach, which have 
grand impact on energy saving. Zhetao et al (2013), 
A Graph-based Multi-hop cooperative MIMO 
transmission method (GM-MIMO) hoped at 
optimizing the network lifetime and saving energy 
for heterogeneous Wireless Sensor Networks 
(WSN) is suggested. Graph theory is functional to 
find an optimal forwarding path. For taking the 
presence of node heterogeneity into consideration, 
GM-MIMO gets maximum network life span. 

Jung et al (2013), Motivated by the 
hopeful life span presentation of a preceding 
suboptimal Cooperative Transmission (CT) routing 
protocol for wireless sensor networks, they 
originates the lifetime-optimization problem using 

Linear Programming (LP), which requires 
considerations of CT's unique characteristics and 
complicated variable descriptions. By evaluating 
LP for various cases, they show the effectiveness of 
cooperative routing by comparing it with the non-
CT case. Mor et al (2014), as an energy efficient 
solution requires outperformed in different dynamic 
situations like varying traffic load, mobility, 
interference conditions, etc. Keeping in sight of 
energy efficiency in wireless networks this article 
hopes on providing an extensive review of the 
various investigates at network architecture level 
for minimizing energy consumption in wireless 
mobile networks. Razzaque et al (2014), they 
examine a cooperative routing problem in time-
varying Wireless Sensor Networks (WSNs) 
targeting the achievement of quality-of-service 
assurances in delay and reliability domains.  

Jiang et al (2011), they take a multi-
criteria optimization approach to offer a systematic 
study on the relationship between the two 
performance objectives. They show that the 
solution to the multi-criteria optimization problem 
is equivalent to finding an optimal throughput-
energy curve, which characterizes the envelope of 
the entire throughput-energy region. Huang et al 
(2013), they show how to attain near to-optimal 
function performance in energy-harvesting 
networks with only limited capacity energy storage 
devices. They expand an online algorithm, known 
as Energy-limited Scheduling Algorithm (ESA), 
which mutually runs the energy and creates power 
distribution verdicts for packet transmissions. Cui 
et al (2014), they offered a distributed cross-layer 
resource allocation algorithm for wireless 
cooperative networks based on a network utility 
maximization framework. Sarkar et al (2013), they 
plan routing and scheduling strategies that optimize 
network throughput in multi-hop wireless networks 
where nodes are controlled through renewable 
energy sources. They consider both the cases of 
infinite and finite energy storage competence at 
nodes. 

3. PROPOSED  ENERGY-EFFICIENT 

UNIFIED ROUTING (EURO) FOR 

MULTI-HOP NETWORKS: 

To solve problem
.

under 
the energy constraints, use a two-step approach. 
First evaluate the case without interference 
constraints. Then add interference constraints to 
progress a unified routing algorithm. This research 
initiates without considering scheduling, and then 
expands the developed algorithm to the case when 
the links are haphazardly scheduled. 
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In the EURo algorithm outlined in 
Algorithm 1, every node checks the availability of 
two resources for an inward flow, battery energy 
including energy replacement and transmission 
power. If the better is depleted or the transmission 
power is soaked at a node, the node denies the 
arriving flow. For completion, a predefined 
threshold can be used to ensure energy reduction 
for admitting the new received flows. If the battery 
stage of a specified node is under the threshold, 
then the battery is supposed to be exhausted and the 
new flow is discarded. Otherwise, the new flow is 
declared when transmission power of the node is 
not soaked. 

 

Algorithm 1: Energy-efficient Unified Routing 

(EURo) algorithm 

A) No infinite energy and interference 

This work assumes here that interference 
is insignificant and that each node’s energy is 
unconstrained. For instance, a method is connected 
to an outlet and the arrival rate into the system is 
very low. Since there is no interference, matrix F 
becomes a zero matrix 

from . The unrestricted 
energy constraint denotes that the weight W(l) is 
constant for every linkages. In that case, 

standardized networks are the ambient noise is 
equivalent. Thus the algorithm turns into, 

 

 
(1) 

 

 

(2) 

This is equal to the Minimum Energy routing 
algorithm in order that under this idea proposed 
routing algorithm realizes in any event as well as 
the Minimum Energy routing algorithm. 
 
B) No interference with energy limitation 

This research believes that interference is 
unimportant and that every node is activated using 
a battery. Since there is no intrusion, matrix F 
represents zero as in the preceding case. Hence, in 
this situation proposed routing algorithm can be 
simplified as 

 
 

 

(3) 
 
 

(4) 
 

The weight W(l) depends on the presence or 
absence of replacement functionality in the 
network. When all the nodes in the network have 
no replenishment resource, the weight becomes 

( . In the case when each 
nodes have revivable resource, the weight which 
includes the impact of energy replenishment. 
Therefore, this algorithm is now equal to the 
Weighted Minimum Energy routing algorithm, (or 
E-WME). In the common wireless environment 
new routing algorithm considering interference can 
distribute the transmit pack over the network in 
stipulations of battery energy (including remaining 
energy and energy replenishment) in order that the 
performance of proposed routing algorithm in any 
case as high as that of the WME (or E-WME) 
routing algorithm. 
 

C) Interference and infinite energy 

Imagine that the interference is 
considerable and that all nodes are connected to a 
power outlet such as a wireless mesh network with 
an important arriving flow speed. As there is no 
restriction on the obtainable energy (power outlet is 
available), the weight of every node is identical. 
Hence proposed routing algorithm can now be 
conveyed as 

Construct a directed graph  

For an incoming flow, check if resources are 

available; 

if yes then 

Measure the interference strength at all 

nodes in N; 

Calculate (I − F)−1
 based on path loss and 

constraints; 

Calculate the present weight vector W 

taking into 

account energy replenishment; 

Calculate link cost  

; 

Apply a shortest path algorithm to find the 

minimum cost route; 

else 

Reject the incoming flow; 

Notify the rejection to the source; 

End 
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This is identical to the OptSINR routing algorithm. 
In this wireless environment, new routing algorithm 
performs like that OptSINR. 
 

D)  Interference only 
Consider that, only interference is used as 

the metric for selecting a route. The case can be 
classified into two aspects: reduce the interference 
practiced by a route, and reduce the interference 
stimulated by a route. 
 

4. EXPERIMENTAL RESULTS 

Experimental study shows the properties of the 
unified routing algorithm proposed in the preceding 
section. The metric used in this routing algorithm to 
produced the product of three parts that denotes the 
impact of the transmission power, energy and 
transmission power. In table I show the simulation 
parameter for energy-efficient routing protocol and 
the entire simulations were done using NS2 

simulator. 

Table 1: Simulation Parameters. 

Parameter Value 

Initial energy in batteries 10J 

Transmit power 660mW 

Receive power 395mW 

Idle power 35mW 

No of grids 2*2-7*7 

Transmission range 200m 

Topology size 1000*1000m2 

Number of sensors 100-400 

Packet rate 5 packets 

Packet size 512b 

As clarified in the preceding part, residual energy 
and energy replacement can be denoted as W, 
together. Therefore, this research work classifies 
the quantity components concerning battery energy 
as an individual class, as presents in Table II, and 
study the impact of battery energy in subsection IV-
B. In variety of wireless environments as reviewed 

in Table II, this work study how every component 
cooperates a position and show how this proposed 
routing algorithm relates to other preceding routing 
algorithms. Where Least-Interference Routing 
(LIR) algorithms are developed to minimize the 
amount of interference caused by a transmission 
and Least-Resistance Routing (LRR) algorithms are 
developed to minimize the amount of interference 

encountered by a transmission. 

Table 2: Comparison Of Algorithms: Different 

Environments Depending On Considered Metric. O  

Shows An Algorithm Considers That Metric, Otherwise, 
Mark An X. 

Case 

(Secti

on) 

Measure Elements 

Algo

rith
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Int

erf
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nce 

Tran
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ion 

Powe

r 

Battery 

Energy 

Resi

dua

l 

Ene

rgy 

Energy 

Replen

ishmen

t 

1 (IV-
A) 

O X X X 
LIR, 
LRR 

2(IV-
B) 

O O O O 
EUR

O 

From IV-A, and IV-B, show that proposed 
EURo included in existing factor individually 
measured in the earlier works and adjusts to 
different network environments. Moreover, 
proposed routing algorithm performs better than or 
somewhat like the other algorithms that are 
intended under secondary environments. 
 

A. No interference 
First consider the case when there is no 

interference between routes. The service times of 
flows here do not overlap in the networks so that 
routes do not interfere with each other. Each node 
initially has 10 units of energy, and the battery 
energy is non-renewable. In this case, the metrics of 
WME and EURo are identical so that EURo works 
the same as WME. Because they take into account 
residual energy in their cost functions, WME and 
EURo outperform LIR and ME. Since LIR can 
distribute load over the network better than ME, for 
a given number of node partitions, LIR successfully 
delivers more packets to their destinations than ME. 
 

B. Impact of interference 
In this subsection considering that the impact 

of interference on the algorithms. By guessing the 
initial battery energy of every node is 10 units of 
energy and that the battery energy is non-
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renewable. For simplicity, and fix the continuing 
link between two neighbors node. The ongoing link 
continuously transmits a flow with 2dB SINR. 
Flows with −10 dB SINR between the other nodes 
haphazardly get there in the network, and the 
arrival rate is implicit to be small sufficient for the 
flows to not be related. In this environment, EURo 
does better than the other algorithms. 

C. Impact of unevenly distributed initial energy 
This situation contains heterogeneous sensor 

networks. Even in homogenous network 
environments, multiple exploitations of nodes can 
create the initial battery levels in rough. Under the 
same environment as in the preceding section, this 
work considers the impact of unequally distributed 
opening battery energy. Assume that the first 
battery energy of the network chases a standardized 
distribution between 5 and 15 units of energy so 
that the mean of the distribution is 10 units of 
energy. As a result of the variation of battery 
energy, the weights W(l) in the algorithm cooperate 
a other important function for selecting a route than 
those in the homogeneous battery case. 

 

D. Impact of random arrival flows and local 

information 
To revise the impact of random flow 

onsets on the routing algorithms fix the opening 
energy of each node at 10 units in the lack of 
energy replacement and contrast the performance 
with two different arrival rates of 0.025 and 0.625 
packet per slot, When the entrance rate is low, the 
standard of the runs in the network is small so that 
the performance is close to, but somewhat inferior 
than the presentation in case when there is no 
nosiness. As can be seen from the figures, even 
though EURo uses local information from only 
adjacent areas, it runs better than the other routing 
algorithms. Thus, EURo can be completely 
executed in a distributed way collaborating with a 
distributed shortest path routing algorithm. The 
performance of dEURo the distributed report which 
uses only shortened information is somewhat 
inferior to EURo. 

 

E. Impact of renewable energy source 
To revise the impact of energy 

replacement on the routing algorithms, this research 
fix the primary energy of each node at 10 units of 
power and a packet coming rate at 0.625 packets 
per slot as in the earlier part. Each node is 
unspecified to be prepared with renewable batteries. 
At each point slot, the quantity of energy that a 
node recharges is implicit to be equally distributed 

between  and 2 , where = 1 × 10−3 so that the 

average renewal rate is 1.5× .  
 

Table 3: Comparison Of Proposed Routing Algorithm 

With Preceding Method For Calculating Accuracy And 

Execution Time 

 

Table 3 shows the comparison between 
proposed EURo algorithms and previous 
algorithms. As would be expected, when comparing 
to the testing results in the preceding subsection, it 
can perform that the network with renewable source 
makes better than the network without energy 
restitution for all the routing algorithms. This 
proposed EURo algorithms do better than the others 
because by considering the key elements, and 
control the competence better than the other 
algorithms in the literature.  
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Scheme 

Accuracy (%) 
Executio

n Time 

(Seconds

) 

Transmi

ssion 

Power 

(%) 

Battery 

Energy 

(%) 

LIR, 

LRR 
74 86 35 

EURO 62 99 18 



Journal of Theoretical and Applied Information Technology 
 10

th
 November 2014. Vol. 69 No.1 

© 2005 - 2014 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
30 

 

0

10

20

30

40

50

60

LIR,LRR EURo

E
x
e
c
u

ti
o
n

 T
im

e
 

(S
e
c
o
n

d
s)

Scheme

Execution Time 

(Seconds)

 
Fig.2 Shows The Execution Time For Transmission 

Power And Renewable Batteries Using Euro 

Fig 1 and fig 2 shows the comparison of 
proposed EURo routing technique with existing 
LIR, LRR method. The Transmission power and 
battery energy utilization are rendering accurate 
value in proposed EURo algorithm. The existing 
LIR, LRR method not considers the metrics for 
transmission power and battery energy utilities. The 
execution time in EURo algorithm is very low in 
range for packet transmission process in networks. 

5. CONCLUSION 

The energy-efficiency of a general multi-
hop used vMISO system. It is high node density 
regime, and also optimal cardinality of cooperation 
sets according to the required outage probability, 
transmission power and path loss coefficient. The 
major drawback of vMISO requires the lowest 
coordination effort because it can leverage the 
broadcast property of the wireless channel to 
distribute information to the cooperating 
transmitters with a single transmission. So, this 
research developed EURo, an energy efficient 
unified routing method. Unlike previous works, the 
proposed algorithm concurrently takes into 
description four vital system parameters: 
transmission power, interference, residual energy, 
and energy replenishment. This work shows that 
proposed algorithm maps to the up to date, when 
convinced capacities are reserved permanent. 
Through experiment shows that proposed algorithm 
outperforms other energy-efficient routing 
algorithm in different environments. Also provide a 
distributed version of EURo that use local 
information, and show using simulations that it 
outperforms modern routing algorithms.  
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