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Abstract— In this paper, a Location Aided Energy Efficient Routing (LAEER) protocol is proposed. The proposed on-demand 
routing protocol consider location and residual energy of the nodes as the routing metric. Only the forwarding neighboring nodes 
are involved in routing while the non-forwarding nodes are switched to idle state. This ensures reduction in energy consumption in 
the network. The novelty of the proposed work is that the best progress node with acceptable link quality is alone chosen as the 
optimal forwarding neighbor. This leads to reduction in memory and bandwidth utilization. The performance of the proposed 
LAEER protocol is compared with AODV. From the simulation results, it is found that the proposed LAEER protocol outperforms 
AODV in terms of control overhead, average end-to-end delay, packet delivery ratio and average energy consumption in the 
network.  
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I. INTRODUCTION 

 In a wireless sensor network the connectivity 
information between the nodes are exchanged when 
deploying the nodes. However the knowledge of node’s 
location is very much required in many sensor network 
applications [10]. This enables the early prediction of the 
phenomenon, thereby minimizes the effect of dangerous 
disaster [8, 14]. In case of routing, the location information 
of nodes helps in easy detection of routing path between the 
source and the destination which in turn minimizes the 
latency involved in data transmission [9]. 
 The traditional Global Positioning system (GPS) based 
localization method is not cost-effective as each node needs 
to be equipped with a GPS receiver [13, 24]. Moreover it is 
not energy optimal. The design of energy efficient 
localization module is proposed in [19].    
In location-based routing, the memory and bandwidth 
utilization are very much reduced, as only the one-hop 
neighbor’s information is required to route the data to the 
destination and this minimizes the amount of control 
overheads [12]. This results in power optimization in sensor 
network and makes it suitable for large scale WSN 
applications.  
 The main objective of this paper is to develop a 
Location Aided Energy Efficient Routing (LAEER) 
protocol which considers the location information of the 
forwarding neighboring nodes with acceptable link quality 
[17] and their residual energy as a parameter for routing.  
  The rest of paper is organized as follows. Related work 
is presented in Section 2. Section 3 describes the design 
architecture of the proposed algorithm. Section 4 describes 
the analysis of simulation results. Conclusion and future 
work are discussed in Section 5. 

II. RELATED WORK  

 On-demand routing is more suitable for wireless sensor 
network due to its frequent topological changing 
environment. As these networks are mainly operated by 
batteries, the routing protocol needs to be energy-aware. 
Power optimization can be achieved by performing routing 
with location information of the nodes. Several protocols 
have been proposed in the literatures [18, 23], that address 
the above mentioned issues. This section discusses some of 
the On-demand and location-based routing protocols 
proposed in Wireless Sensor Network. 

A.  On-demand Routing Protocols 

 An efficient Ad-hoc On-demand Distance Vector 
(AODV) routing protocol for ad-hoc network is proposed in 
[7]. AODV consists of three phases namely route discovery, 
route repair and route maintenance. In route discovery 
phase, the end-to-end path establishment between source 
and sink is done by flooding the route request packets in the 
network. This process results in significant increase in 
energy consumption which limits its adoption for wireless 
sensor network. 
 To suit the wireless sensor network requirements the 
AODV protocol is modified [34]. The earlier version of 
zigbee standard used AODV (Adhoc on-Demand Distance 
vector) routing for mesh topology and hierarchical tree 
routing for tree topology. Heterogeneous types of nodes 
were designed to meet the energy constraint problem of 
sensor network. The concept of tree routing adopted in the 
latest version of zigbee pro [35] has been removed [26]. 
 In some application of sensor network constant power 
supply to nodes is not possible. All nodes can be operated 
only by batteries. In such scenarios, node heterogeneity 
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cannot be allowed. An alternative approach is proposed by 
Digi vendor [32] in its Digimesh product. All nodes are 
homogenous in nature and support mesh topology. 
Compared to zigbee product, Digimesh offer a better power 
management scheme to minimize the energy consumption in 
the network. 
 Two new routing metrics to analyze the performance of 
AODV protocol in real time application is proposed in [21]. 
Bounded communication delay and residual energy of the 
nodes were proposed to enable load balancing in the 
network. 
 LAR (Location Aided Routing) for adhoc networks is 
proposed in [29] executes route discovery through limited 
flooding. This results in reduction in control overhead when 
compared to AODV. However it does not consider the link 
reliability, delay and energy constraints. 
 In general, Non-geographic routing protocols like DSR 
(Dynamic Source Routing) [6] and AODV suffer from a 
huge amount of control overhead for route setup and 
maintenance due to the frequent topology changes and they 
typically depend on flooding for route discovery or link 
state updates, which limit their scalability and energy 
efficiency. In sensor networks where thousands of nodes 
communicate with each other, broadcast storms may result 
in significant power consumption. On the other hand, 
geographic routing protocols [20] require only local 
information and hence are more suitable for wireless sensor 
networks. As only the location information of their direct 
neighbors are required to forward packets the amount of 
memory and bandwidth utilization is very much minimized. 

B. Geographic Based Routing protocols 

 Greedy Perimeter Stateless Routing (GPSR) proposed 
in [3] is a location based routing protocol that works in two 
modes: greedy mode and perimeter mode. In greedy mode, 
each node forwards the packet to the neighbor closest to the 
destination. When greedy forwarding is not possible, the 
packet switches to perimeter mode. Greedy routing fails, 
whenever dead-end problem is encountered. In Perimeter 
routing also known as face routing, the packets are routed 
around dead-ends until nodes closer to the destination are 
found. The drawback of this approach is reduced network 
lifetime. As the nodes closer to the destination are always 
chosen, the result is an uneven distribution of traffic in the 
network. As residual energy of the node and the link quality 
are not considered in routing, the packet delivery ratio is 
very much decreased. 
 Geographic and Energy Aware Routing (GEAR) 
protocol proposed in [31] uses energy and geographical 
information of nodes for neighbor selection through which 
the packet are routed towards the destination region. This 
approach results in high packet overhead and is not 
implemented in realistic environment. 
 In [30] another kind of geographic routing known as 
Geo-casting is proposed which combines multicast with 
geographical routing. In this approach, the packets are 

delivered to nodes within a certain geographic area. Geo-
casting is an important communication paradigm [15] in 
wireless sensor networks, as in some applications the 
objective is to communicate data to nodes that are within a 
certain region. As the number of control overheads involved 
is more there is high power consumption.   
 An Energy Aware Greedy Routing (EAGR) protocol 
proposed in [25] makes the routing decisions based on 
node’s residual energy. It is assumed that the geographic 
location and energy levels of all nodes including the 
destination nodes are known. The distance between the 
neighboring node and destination is computed. The average 
of all these distance is calculated. The neighboring node 
with maximum energy is selected as the forwarding 
neighbor node, provided its distance is less than or equal to 
the average distance. The packet overhead factor is 
increased in this approach as all neighbors information 
needs to be maintained. 
 In all the above protocols the real-time implementation 
issues are not considered. However few protocols [28, 22, 1] 
have been proposed that deliver the messages in the network 
based on their deadline. Though these protocols reduced the 
communications delay involved in message transfer by 
dynamically varying the transmission power, it has not 
optimized the power utility in the network.   

C. Motivation of Work 

 Usually, in greedy forwarding, the closest neighbor 
node to the destination among the neighbor nodes will be 
heavily utilized in routing for forwarding data while the 
other nodes are less utilized. This uneven load distribution 
results in heavily loaded nodes to discharge faster when 
compared to other neighbor nodes. This causes the death of 
few over-utilized nodes which results in loss of critical data, 
resulting in poor delivery ratio. 
 The proposed Location Aided Energy Efficient Routing 
(LAEER) protocol combines the advantage of on-demand 
neighbor discovery scheme and location-based approach to 
enhance the network lifetime in wireless sensor network. 
Compared to the location based routing protocols discussed 
in the literature survey, the proposed LAEER improves the 
lifetime of the network by considering only the nodes 
geographic locations and their remaining energy levels for 
the selection of best neighbor that will route the packets 
towards the destination. To minimize the state of 
information to be maintained by the sensor node, only the 
forwarding neighbor nodes are kept in its neighbor table. To 
deliver the data, the best progress node is chosen among the 
forwarding neighbor nodes that has acceptable link quality. 
The routing metric calculation is based on choosing the best 
progress neighbor among the forwarding nodes which has 
highest weighted value in terms of remaining battery level 
and location. In addition while choosing the best progress 
node, a critical threshold value of remaining energy level is 
fixed and only those with energy level above this critical 
threshold is chosen. This leads to reduction of node deaths 
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and prolong the network lifetime. To investigate the on-
demand approach of the proposed LAEER, a comparative 
study has been done with AODV in terms of control 
overhead, packet delivery ratio, average end-to-end delay 
and average energy consumption in the network. 
 Also the intention behind the comparison with AODV 
is to propose an alternate routing methodology for Zigbee 
based mesh network. Zigbee uses modified AODV protocol 
for mesh network for low data rate (IEEE 802.15.4 WPAN) 
applications. Our intention is to propose a frame-work 
which includes localization engine to make them location 
aware and use location based energy aware routing method 
for mesh based sensor network. Also, most of the energy-
aware routing protocols proposed in literature as per our 
knowledge for static networks has not been simulated under 
802.15.4. So, we have restricted our comparison with only 
AODV.  
 

III. LOCATION AIDED ENERGY EFFICIENT ROUTING 
(LAEER) 

 
 Consider a scalable wireless sensor network with S 
nodes that are deployed in an n X n terrain where S € k2, 3 < 
k < ∞.The location and energy information of these S nodes 
are given below: 
 
X = [ x1, x2, x3, ……….xS]

T  
Y = [ y1, y2, y3, ……….yS]

T  
E = [ e1, e2, e3, ………..eS]

T             (1) 
 
 The deployed S nodes can be categorized as source, 
destination and relay nodes. The source and destination 
nodes are termed as non-forwarding nodes and the relay 
nodes are referred to as forwarding nodes. 
 In general, the routing protocols in wireless sensor 
network can be the function of various routing metrics like 
location of nodes (X, Y) and residual energy of the nodes 
(E). However in the proposed routing protocol, location and 
energy information of the nodes are considered as the 
routing metric while PRR and one hop delay are assumed to 
be fairly good. Thus the routing metric R is represented as 
  

  
1

[2 ( 1) ]
l

p

res in TX RX dE E E k E E


                               

(2)                                                                                                              
 
 In this section the design of the proposed Location 
Aided Energy Efficient Routing (LAEER) protocol is 
explained in detail along with relevant evaluation models. 
 

A.  Algorithm  

 
 The proposed Location Aided Energy Efficient Routing 
algorithm consists of four main functional modules and 

these modules coordinate with each other to perform the 
task of multi-hop routing for WSN. The architecture of the 
proposed protocol is illustrated in Fig 1. 
 
The modules are 
1. Localization Engine 
2. Neighborhood Management 
3. Routing Management 
4. Energy Management  
 
a. Localization Engine 
 

 The proposed LAEER protocol possesses a 
Localization Engine module that determines the location of 
the nodes. As the traditional GPS-based location finding 
algorithms are not cost-effective, an alternative simple and 
low cost and reliable localization scheme is required. In this 
paper a RSS (Received Signal Strength) based localization 
algorithm is used as illustrated in Fig 2. Initially three 
beacon nodes whose positions are known are placed in the 
deployment area. Then the coordinates of the unknown 
nodes are determined with reference to these beacon nodes. 
The RSS values are measured at unknown nodes with 
respect to beacons, the distance between the unknown and 
beacon is calculated using appropriate (indoor/outdoor) 
propagation models. The distance error is computed. The 
error is minimized and the relative distance is estimated 
using one-dimensional Kalman filter. Once the distances 
between the unknown node and the beacon nodes (d1, d2, d3) 
are estimated using lateration algorithm along with min-max 
bounding box concept, the two dimensional coordinates of 
the unknown node are estimated. 
 The proposed LAEER protocol uses the location 
information of the nodes determined by the location engine 
for routing purpose. 
 
b. Neighborhood Management 
 
 Neighborhood management consists of the neighbor 
discovery module which is triggered when the 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Architecture of the proposed LAEER protocol 
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Fig 2. Block Diagram of Localization Algorithm 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig 3. Route Reply packet from neighboring nodes 

 
 Neighbor Table is found empty. Initially, the source 
node broadcasts Route Request (RTR) packet and wait for 
reply from its neighbor nodes.  
 In order to minimize the communication overhead 
involved in neighbor discovery process, the reply to RTR is 
restricted within the forwarding neighbor nodes as shown in 
Fig 3. To determine whether the neighboring nodes are 
forwarding nodes, each node computes the progress distance 
calculation using the following relation. 
 

( , ) ( , )dP d N D d S D              (3) 

  
Where Pd is the progress distance in meters 
N is the Neighboring node 
S is the Source node 
D is the Destination node 
 
d (N, D) is the distance between the Neighboring node and 
Destination node and d (S, D) is the distance between the 
Source node and the Destination node. 
 

 
Fig4. Format of the Route Reply packet 

 
Table 1. Pseudo code for Neighborhood management module 

Neighbor Discovery Module  
1: func Neighbor discovery ()  
2: Broadcast the RTR packet with source information 
4: end func 
 
Receive RTR Packet Module 
1: func Receive RTR () 
2: Obtain the sender (S) location from RTR packet 
3: Obtain the receiver (N) location 
4: Compute d (S, D), d (N, D), where D is destination 
location 
5: if (d (S, D) < d (N, D) 
6: if (Packet type != broadcast) 
7: Add the entry to neighbor table with forward flag 1 
8:  return;   
11: else 
12: Add entry to Neighbor table with forward flag 0 
13: Send RTR reply packet to sender S with receiver info 
14: end if 
15: end func 
 
 The nodes which satisfy the above condition are 
considered as forwarding nodes with their forward flag (ff)  
set to 1.While the remaining neighbor nodes are treated as 
non-forwarding nodes with their forward flag (ff) set to 0. 
If this greedy computation is satisfied by the neighbor node, 
then the corresponding neighboring nodes send a Route 
reply (RTR) packet with its information to source node. On 
reception of the Route reply RTR packet, the source node 
constructs the Neighboring Table with information obtained 
from the neighboring packet whose format is presented in 
Fig 4.  
 This procedure is repeated until the destination node is 
reached. During the forwarding phase all non-forwarding 
nodes’ forward flag is set to 0. The pseudo code of the 
neighborhood discovery process is presented in Table 1. 
The maximum number of entries that the neighbor table can 
store depends on the constraints imposed on memory. The 
proposed neighbor table format contains the next hop node 
address, Residual Energy, Forward flag, Location 
information and Timeout value. The time out value is the 
interval at which the neighbor table is updated if there is 
data to be sent. Else, the entries are deleted. In the 
simulation, it is fixed to 180 seconds. This is a protocol 
dependent parameter, and has to be set depending on the 
dynamic topology changes which can arise due to node 
mobility or unreliable wireless channel. Our work is focused 
on a static deployment and hence node mobility is not taken 
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into account. However this work can be extended to mobile 
environments. Hence the possible causes of topology 
change can be due to unreliable wireless channel and this 
can be handled by retransmission at 802.15.4 MAC level 
when there is no acknowledgement for data.  
 
c. Routing Management 
 
 Routing management is the core of the LAEER 
protocol in which the best Progress neighbor node is 
selected from the neighbor table. When the node has sensed 
an event and a data packet is generated, and then the 
neighborhood management module is invoked to construct 
the neighbor table (NT). From NT the best progressing 
neighbor node is selected based on forwarding metric 
relation given below: 
 
1*(1 ( ( , )/ ( , ))) 2*( ( )/ max)[**]k d N D d S D k Erem N E   (4) 

 
where, 

( )Erem N Eth                                            (5) 

k1 = 0.5, k2 = 0.5 
d(S, D)     -  Distance between Source node and Destination       
                     nodes 
d(N, D)    -  Distance between Neighbor node and    
                     Destination node 
Erem (N)  -   Remaining Battery level of Neighbor node 
Emax (N) -   Maximum Energy assigned to Nodes  
Eth             -  Critical threshold energy [10% of the initial    
                      energy value]  
 ** - neighbor nodes with forward flag set to 1 alone  
 
 The best progress node is selected if equation 4 and 5 
are satisfied. The pseudo code of the routing management 
module is illustrated in Table 2. 
 The Routing issue handler is a sub module of Routing 
management module which will be invoked when the 
neighborhood management module is unable to find any 
forwarding nodes. The reason for this situation can be the 
dead end problem, destructive nature of the medium or 
congestion due to heavy traffic in the network. Any standard 
algorithm can be used to resolve these problems [5, 27].  
 
d.  Energy Management 
 
 To increase the network lifetime, the energy 
consumption in each node needs to be kept minimal. In the 
proposed LAEER protocol, a separate module named 
Energy Management is designed for this purpose.  
In the neighbor discovery process only the forwarding nodes 
are required to send reply packets, therefore the non-
forwarding nodes can be switched from sleep to idle state 
than to active state that results in reduction in their energy 
consumption. The forwarding nodes are  
 

Table 2. Pseudo code for Routing Management module 

Data forwarding 
1: func forward_data () 
2: num_entries = Count the number of entries in neighbor 
table 
3: dest = check whether destination entry exist in neighbor 
table 
4: if (num_entries == 0 && dest == 0) 
5: Neighbor discovery () 
6: elseif(dest !=0) 
7: send data to destination 
8: else 
9: nxt_hop = Best Next_hop () 
10: if (nxt_hop != 0) 
11: send data to nxt_hop 
12: else Neighbor discovery () 
13: end if 
14: end if 
15: end func 
 
Best Progress node selection 
1: func Best Next Hop () 
2: if (forward flag ==1 && Eres > Eth) 
3: Choose the best progress node based on forwarding 
metric equation 
4: end func 
 
switched from sleep to active state as they are involved in 
data transfer. 
The Energy model of both forwarding and non-forwarding 
nodes are presented below: 
Let Etot the total available energy in the network is given by,   

1

S

tot in

i

E E


                                                     (6) 

Where, 
 S is the number of nodes in the network. 
 Ein be the initial energy of the each node in the network, 
then 
 The energy spent in neighbor discovery process can be 
classified as energy spent for forwarding and non-
forwarding node.  
 
Case (i): Energy spent for neighbor discovery by non-
forwarding node (source node) 
Let Ec = Energy spent for neighbor discovery through RTR 
packets/node 

c TX RXE E kE                                                (7) 
 
Where     ETx = energy spent for transmission of RTR packet 
  ERx = energy spent for reception RTR packet 
   k = Number of Route Reply (RTR) packets received 
by source node. 
 Let Ed be the energy spent for transmission of a data 
packet and T be the updating time interval by a node, Then 
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the Total Energy spent by a node to transmit ‘l’ data packets 
within T interval is given by 

      
1

l

tl c d

p

E E E


                                  (8) 

Where  
Ec = Energy spent for neighbor discovery through RTR 
packets/node 
“l’ is maximum number of data packets transmitted in ‘T’ 
intervals 
 The remaining energy in each node is the difference 
between the initial energy and the energy spent for 
transmitting a data packet along with its control overheads is 
calculated as  
 

res in tlE E E                                   (9) 
    
Substituting equation (8) in (9) results, 
  

1

{ }
l

res in c d

p

E E E E


                            (10) 

Substituting equation (7) in (10) results, 

1

[ }
l

res in TX RX d

p

E E E kE E


                       (11) 

Case (ii): Energy spent for neighbor discovery by 
forwarding nodes: 
 

2 ( 1)c TX RXE E k E                          (12) 

   
Where ETx=Transmission of RTR reply packet by 
forwarding node. 
(k+1) = Reception of RTR broadcast packet by source/ 
forwarder node. 
 
 Let Ed be the energy spent for transmission of a data 
packet and T be the updating time interval by a node, Then 
the Total Energy spent by a node to transmit ‘l’ data packets 
within T interval is given by 
 

   
1

l

tl c d

p

E E E


                                        (13) 

  
1

{ }
l

res in c d

p

E E E E


                           (14) 

Substituting equation (12) and (13) in (14) results, 
 

1

[2 ( 1) ]
l

p

res in TX RX dE E E k E E


              (15) 

 
The energy management functionalities are illustrated in Fig 
5. 
 

IV. PERFORMANCE ANALYSIS OF LBEER 

 The proposed LAEER protocol is simulated using the 
NS2 simulator with IEEE 802.15.4 MAC/PHY layers 
support. The enhancement of network lifetime for different 
scale of network is investigated. The various evaluation 
attributes analyzed and compared with AODV are control 
overhead, average end-to-end packet delay, Packet delivery 
ratio and average energy consumption in the network. 
 
a. Evaluation models: 
Control overhead: The total number of Request/Reply 
packets sent in the network for a data packet to reach the 
destination.   
 
Average End to End Packet Delay: The End to End delay is 
the time taken for a data packet to reach the destination 
node. Average delay is calculated by taking the average of 
delays of every packet received.  
 
Packet delay = Receive time at sink – Transmit time at 
source node 
Average End to End delay = Sum of all packet delays / Total 
number of received packets 
 
 Packet Delivery ratio (PDR): It is calculated as the ratio of 
the number of distinct packets received at sink to the total 
number of data packets transmitted by the source node. This 
metric defines reliability of data delivery. 
 
PDR (in percentage) = (Number of Received Packets at 
sink)/(Number of transmitted packets by source) *100  
 
Average Energy consumption: The percentage of energy 
consumed by a node is the ratio of residual energy in the 
node to its initial energy. Then the average energy 
consumed by all the nodes is the average of their individual 
energy consumption of the nodes. 
 
Percent Energy consumed by a node = (Initial value of 
energy – Final value of energy)/Initial                      
value of Energy 
Average Energy consumed = Sum of percent energy 
consumed by all nodes/Number of nodes 
 

A. Simulation Assumptions and Environment: 

 
 The proposed LAEER protocol is simulated in NS2 
with following assumptions as presented in Table 3. The 
nodes are deployed in a regular manner and transmission 
range of each node is fixed to 25meters. The nodes placed 
within 15-21meters range are assumed to have acceptable 
link quality. The propagation model of the medium is two-
ray ground. The nodes are assumed to be static. One-hop 
neighbor information is alone considered for selecting the 
forwarding and best progress forwarding node. The  
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Table 3. System Parameters for Simulation Environment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6. Control Overhead Analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 7. Packet Delivery Ratio Analysis 

 
simulation is done for four different environments with 9, 
25, 49 and 121 nodes. 
 
B.   Simulation Results: 
a. Control overhead  :- 
     Fig 6 shows that LAEER achieves lesser overhead than 
AODV, since only few greedy nodes participate in the route 

discovery process. AODV suffers huge overhead on high 
scalable wireless sensor networks. In a small scale networks 
(9 nodes), the overhead factor of AODV shows 20% 
increase compared to LAEER and this factor increases and 
becomes dominant on high scale networks and suffers 70% 
increase compared to LAEER.  
 
b. Packet Delivery Ratio 
 
 From Fig 7, it can be inferred that LAEER achieves 
better PDR compared to that of AODV as it considers the 
residual energy also as routing attribute. Since AODV does 
not consider the residual energy, it chooses the same route 
that leads to the death of the nodes which results in 
reduction in packet delivery ratio factor. In case of the 
proposed LAEER protocol, the traffic load is evenly 
distributed and that reduces the probability of death nodes 
and increases the packet delivery ratio.  
 From the result it is found that there is no significant 
change in PDR for both the protocols as the overheads 
packets are less when the network size is small. But as 
network size increases the overhead factor increases in 
AODV and consecutive delivery of packets in same route 
leads to death of nodes which reduces packet delivery ratio. 
LAEER shows a percentage increase in PDR of about 13% 
than that of AODV when network size increases. 
 
c. Average End to End Delay 
         
 Fig 8 shows that LAEER achieves slightly better delay 
than AODV, since it tries to minimize the hop count factor. 
For small network size, both protocols result in same 
amount of delay. But on high scale network, this delay 
factor is significantly reduced for LAEER, as the delay 
involved in initial route setup is lesser in LAEER compared 
to AODV. From the result it is inferred that LAEER shows 
26% decrease in delay when compared to that of AODV. 
 
d.  Average Energy consumption      
  
 Fig 9 presents the average energy consumption in the 
network. It is found that LAEER outperforms AODV as 
scalability factor increases. This is achieved as overhead 
factor involved is high in AODV compared to LAEER 
which leads to more energy consumption. As in the 
proposed LAEER, only the forwarding nodes are involved 
in route discovery process, while other nodes are assumed to 
be in idle state.  
 So, the energy consumption in the network is 
significantly reduced. As the network size increases, there is 
around 15% percent energy reduction compared to AODV 
and this factor is recorded till the timeout of forwarding 
entries occur in LAEER to have fair comparison with 
AODV.    
 
    

Parameter         Value 

Propogation Model Two Ray Ground 
phyType  Phy/WirelessPhy/802.15.4 

macType  Mac/802_15_4 

Operation mode  Non Beacon (Unslotted) 

CS Thresh  1.58314e-10 (25m) 
RX Thresh  1.58314e-10 (25m) 
frequency  2.4e+9 
Initial Energy  3 Joules 
Tx power / Rx power 400mW/200mW 
Transport layer  UDP 
Traffic type CBR 
Packet Rate  5 packets/sec 
Simulation time 300 sec 

Total packets  
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1250 

0

20 
40 

60 

80 

100 
120 
140 

9 25 49 121
Number of Nodes 

C 
O 
N 
T 
R 
O 
L 
 

O 
V 
E 
R 
H 
E 
A 
D 
 

LAEER

AODV

 
 
 
 

P 
D
R 

75

80

85

90

95

100 

105 

9 25 49 121

Number of Nodes 

LAEER

AODV



P T VBHUVANESWARI and V VAIDEHI: LOCATION AIDED ENERGY EFFICIENT ROUTING  . . . .  

IJSSST, Vol. 11, No. 4                                                                                                 ISSN: 1473-804x online, 1473-8031 print 48

 
         

Fig.8 Average End to End Delay Analysis 

 

 
            

Fig.9 Average Energy consumption 
 
 
 

V. CONCLUSION AND FURTHER WORK 
 
 In this paper a Location Aided Energy Efficient routing 
protocol (LAEER) is designed. It considers only the 
location information of one-hop forwarding neighbor nodes 
and their residual energy status for routing the data to the 
destination node. This kind of approach reduces the network 
overhead and also decreases energy consumption. 
 As it is energy aware, the distribution of traffic in the 
network is made uniform and that helps to increase the 
lifetime of the network. The performance of the proposed 
LAEER protocol is compared with AODV in terms of 
control overhead, packet delivery ratio, average end-to-end 
delay and average energy consumption in the network. The 
protocols are simulated in NS2 with IEEE 802.15.4 support. 
From the simulation result, it is found that the proposed 
LAEER shows significant increase in PDR and a valuable 
reduction in average delay, control overhead and energy 
consumption. Further from the results it can be concluded 
that the proposed LAEER is more suitable for scalable WSN 
environment. 
 The performance of the proposed LAEER protocol is 
under investigation for realistic propagation modeling like 
log normal shadowing model. Packet Reception Rate (PRR) 
and one- hop delay routing attributes will be analyzed in 
future. 
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Fig 5. Flowchart of the Energy Management of LAEER  protocol 
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