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Abstract: In this paper, an Ant Colony Optimization (ACO) based Energy Effi-
cient Shortest Path Routing (AESR) algorithm is developed for Mobile Ad hoc
Network (MANET). The Mobile Ad hoc Network consists of a group of mobile
nodes that can communicate with each other without any predefined infrastruc-
ture. The routing process is critical for this type of network due to its dynamic
topology, limited resources and wireless channel. The technique incorporated in
this paper for optimizing the routing in a Mobile ad hoc network is Ant Colony
Optimization. The ACO algorithm is used to solve network problems related to
routing, security, etc. in wired and wireless networks. This proposed work is used
for selecting the energy efficient shortest route between the source and the desti-
nation of the network. This routing technique uses important parameters such as
residual energy of the nodes, minimum residual energy of the path, the distance
between the nodes, trip time and hop count to select the optimal route for com-
munication to extend the lifetime of the network by reducing the energy consump-
tion. The proposed routing protocol is compared with other conventional routing
protocols. The experimental results demonstrate that the proposed AESR routing
protocol outperforms the existing protocols in terms of performance metrics such
as Packet Delivery Ratio, Average Path Length, Network Lifetime, Number of
Dead nodes and Average Energy Consumption in high mobility networks.

Keywords: Mobile ad hoc network; ant colony optimization; energy efficient;
pheromone

1 Introduction

Mobile Ad hoc Network (MANET) is a complex distributed system formed by mobile nodes that can
move freely and can be self-organized for creating temporary networks [1]. Routing is one of the
important and challenging research areas in the MANET because of its characteristics such as limited
power, limited bandwidth, wireless channel and dynamic topology [2]. Several routing protocols were
developed by the researchers for the Mobile Ad hoc Network. The routing protocols in MANET are
broadly classified into three: proactive or table driven routing protocol, reactive or on-demand routing
protocol and hybrid routing protocol [3,4]. In proactive or table driven routing protocol, the routing
information is maintained in the routing table by each node in the network and it is updated periodically.
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Wireless Routing Protocol (WRP), Destination Sequence Distance Vector (DSDV) routing [5] and
Optimized Link State Routing (OLSR) [6] are some of the proactive routing protocols. The second group
of routing protocols is reactive or on-demand routing protocol in which routes are discovered and
maintained only on demand. Ad hoc On-demand Distance Vector (AODV) routing [7], Temporally
Ordered Routing Algorithm (TORA) and Dynamic Source Routing (DSR) [8] are examples for reactive
routing protocols. Ad hoc On-demand Multipath Distance Vector (AOMDYV) [9] routing is also an on-
demand routing protocol that discovers multiple paths for Mobile Ad hoc Networks. Hybrid routing is the
third group of routing protocols that combines the features of proactive and reactive routing protocols.
Common hybrid routing protocols are Zone based Hierarchical Link State (ZHLS) routing and Zone
Routing Protocol (ZRP).

Energy conservation is one of the important parameters that can influence to a greater extent for
improving the performance of Mobile hoc Ad Networks. Normally, energy can be conserved in any
network in two ways: by reducing the communication range of the node and by controlling the
transmission and the reception power. Generally, the mobile nodes have limited power, since they operate
on battery power. Moreover, the mobile nodes can function as a router by forwarding the data packets to
other nodes. This in turn results in more power consumption in Mobile Ad hoc Networks which may
reduce the Network Lifetime. To overcome this problem, a new energy efficient routing protocol was
suggested which is mainly based on the concept of the ACO algorithm. ACO refers to Ant Colony
Optimization which solves many problems in networking applications [10]. The ACO is based on the
concept of ants searching for food. The ant deposits a chemical called pheromone while moving from one
place to another. This pheromone is sensed by other ants on their way to find the food. The same concept
can be introduced in the Ad hoc networks to find the destination of the data packet, where the routing
packets are assumed as smart ants which move from one node to another node in search of a destination.
The artificial ants can lay pheromone along with the link between the nodes and they can collect
information regarding the distance between the nodes, trip time, residual energy of the nodes etc. The
information collected by the ants can be used by the nodes to find the energy efficient shortest path
between the source and the destination. The selected path can be used for transmitting the data packet
which increases the lifetime of the network.

The remainder of this paper is structured as follows: Section 2 deals with the existing techniques related
to the proposed work. The merits and demerits of the existing methods are also discussed. Then, Section
3 describes the model of Mobile Ad hoc Network. Section 4 describes the proposed Ant Colony
Optimization based Energy Efficient Shortest Path Routing (AESR) algorithm. Section 5 presents the
performance metrics used to analyze the performance of the proposed method. Section 6 discusses the
results obtained from the simulation conducted to analyze the performance of the AESR and the last
section deals with the conclusion and future scope.

2 Related Work

Several ant-based routing protocols are developed for wired and wireless networks [11]. Some of the
antbased routing algorithms are ABC (AntBased Control), AntNet (AntBased Network Routing
Algorithm), ARA (Ant Colony Based Routing Algorithm) and AntHocNet (Ant Agents for Hybrid
Multipath Routing in Mobile Ad hoc Network). The ABC is an ACO based proactive routing protocol
used in wired networks and it is used as a load balancing protocol in the circuit switched networks. To
determine the optimal route for transmission between the source and the destination nodes, the heuristic
parameter considered in ABC is the distance between the nodes. The AntNet is the proactive routing
protocol based on ACO, but it is used only for wired networks [12]. In this technique, routing is done
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based on the goodness parameter called pheromone value that is stored in the routing table of the nodes in the
network.

The ARA is a highly adaptive and scalable ant colony-based routing algorithm that is efficient and
reactive in nature [13]. In this protocol, new routes are discovered using forward ants and backward ants.
The three parameters in the routing table are destination node address, next hop address and pheromone
value. The important advantage of this technique is that the routing information is not exchanged between
the nodes frequently which in turn reduce the overhead. The AntHocNet is an ACO based hybrid routing
protocol that uses both proactive and reactive ants for routing [14]. Multiple routes between two nodes
are discovered using reactive ants where as proactive ants are used for creating new paths and
maintaining the existing path during the transmission of data. The pheromone is determined by the
number of hops and travelling time of the ants for moving from the source node to the destination node.

The Improved Energy and Mobility Ant Colony Optimization (IEMACO) routing algorithm select the
good quality path based on the remaining lifetime of the nodes and the link [15]. This technique reduces the
route discovery frequency and increases the lifetime of the network, even there is a change in the network
topology. Moreover, the end to end delay and the packet loss rate is reduced in this method. But the main
disadvantage of this protocol is that it has certain local optimal effects in the route maintenance process.
The Ant Colony based Energy Control Routing (ACECR) protocol uses the positive feedback character
of the ants for finding the optimal path between two nodes [16]. It depends on the average energy and the
minimum energy of the nodes which provides balanced energy consumption and extends the lifetime of
the network. But the problem with this algorithm is that it produces high routing overhead due to the
generation of a large number of routing packets.

Mohajerani et al. [17] suggested an Ant Colony Optimization based routing algorithm for extending the
lifetime of the network. The location of the mobile node and the energy information is used for routing the
data from one node to another. The lifetime of the network can be increased by reducing energy consumption.
In this technique, it is assumed that the total dissipated energy is equally distributed among all the nodes in
the network but this is not applicable for all the cases. Malik et al. [ 18] adopted an antbased QoS (Quality of
Service) aware routing protocol in which the QoS requirement of the nodes for generating heterogeneous
traffic is met by the application of bio-inspired routing technique. The minimum residual energy is
improved in this approach which in turn increases the lifetime of the network. The residual bandwidth,
end to end delay and residual energy of the nodes are considered to provide QoS aware routing.

Sarkar et al. [19] presented an enhanced ant AODYV for optimal route selection in MANET in which the
route for data transmission is selected based on the parameters like end-to-end reliability of the path, residual
path, congestion and the number of hops. Similar work was carried out by Papanna et al. [20], where the
efficient node selection was made with an emphasis on QoS. It has better performance when compared to
the traditional routing protocols such as DSR and AODV. The limitation of this technique is that the
routing overhead is not analyzed which may be high for this protocol. Ren et al. [21] discussed a routing
technique based on the combination of reactive route setup and proactive neighbor maintenance that uses
the local and global information of the mobile nodes such as pheromone values, congestion metric, link
quality and remaining information of the nodes. This routing technique performs well in heavy load
traffic and in large networks. Malar et al. [22] proposed the multi constraints applied energy efficient
routing technique based on Ant Colony Optimization that can be used for disaster resilient location
detection in MANET. This method selects the next hop node based on the residual energy, number of
packets on the path and dynamic movement of topology.

The purpose of this work is to develop an energy efficient routing for Mobile Ad hoc Network. The
nodes in the Mobile Ad hoc Network have limited battery capacity. So it is important to consider the
energy efficient routing in Mobile Ad hoc Network so that the available energy can be used efficiently by
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reducing the energy consumption which in turn increases the lifetime of the network. Several energy efficient
routing algorithms have been proposed for Mobile Ad hoc Network. The swarm intelligence based energy
efficient routing performs well compared to the traditional routing protocols. In the proposed routing
protocol, for selecting the energy efficient optimal path the parameters consider both the residual energy
of the nodes and the distance of the path which leads to the selection of energy efficient shortest path for
data transmission.

3 MANET Model

Any Mobile Ad hoc Network (MANET) can be represented in the form of a graph G(N, E) where N
denotes the number of nodes and £ is the number of links in the network. Let us consider a network with
six nodes {N;, N,, N3, N4, N5, Ng} that are connected in a symmetric manner with undirected links as
shown in Fig. 1. The lifetime of the network is enhanced by reducing energy consumption. Moreover, the
routing decision must consider the important parameters such as residual energy of each node, average
residual energy of the path, minimum residual energy of the path, hop count, trip time and the distance

between the nodes in the network.

Figure 1: Mobile Ad hoc network model

4 Proposed Methodology

In this section, the proposed Ant Colony Optimization based Energy Efficient Shortest Path Routing
(AESR) algorithm for Mobile Ad hoc Network is presented in detail. The methodology consists of two
different phases of routing protocol namely:

1. Path discovery
2. Data transmission and Route maintenance

4.1 Path Discovery

The path discovery gives the optimal path between the source and the destination nodes of the network.
The optimal path is identified using Ant Colony Optimization based Energy efficient Shortest path Routing
(AESR) algorithm. It is a reactive routing protocol based on the ACO algorithm. In the path discovery phase,
two control ants such as REQUEST Ant (REQ_Ant) and REPLY Ant (REP_Ant) are used for discovering the
path between two nodes. The flow diagram for the path discovery is shown in Fig. 2. The algorithm of the
proposed Ant Colony Optimization based Energy Efficient Shortest Path Routing (AESR) technique is
shown in Fig. 3.

When a source node (s) has to send data to a destination node (d), it initially verifies its routing table for
the availability of the path between the source node and the destination node. If the path is available, then the
source will forward the data through that path. If the path information is not present in the routing table, then
the source node will broadcast a REQUEST Ant (REQ_Ant).
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Figure 2: Flow diagram for the path discovery

Algorithm 1: AESR Algorithm

Step 1: Initialization and broadcasting of REQ _ Ant

Step 2:Reception of REQ _ Ant by the intermediate node ()

Step 3: Reception of first REQ _ Ant by the destination node from the intermediate node (k)

Step 4: Reception of second REQ _ Ant by the destination node from the intermediate node (m)
Step 5: Reception of REP _ Ant by the intermediate node
Step 6: Reception of REP _ Ant by the source node

Start data transmission

Structure of REQ_Ant

The different fields present in the REQ_Ant structure are shown in Fig. 4. The fields are source address
(sa), destination address (da), broadcast id (bid), hop count (/c), distance (df), trip time (¢¢), residual energy
(e,), minimum residual energy (enin), total residual energy (ey,,,), list of visited nodes (n,5;:.4) and current

time (time).

Figure 3: AESR Algorithm
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Figure 4: Structure of REQ_Ant

Step 1: Initialization and Broadcasting of REQ_Ant:

Initially the hop count, distance and trip time fields of the REQ ANT are set to zero. Moreover, the
residual energy field, minimum residual energy field and the total residual energy field of the REQ _Ant
have the residual energy of the source node [23].

Step 2: Reception of REQ_Ant by the Intermediate Node (j,):

In this step, first, the source node (s) sends REQ_Ant to the first intermediate node (j). Each node present
in the network has a unique pheromone table with the following fields: (a) destination address (b) next hop
and (c) pheromone value. When the intermediate node () in the network receives the REQ_Ant, it would first
check the list of visited nodes present in the received REQ _Ant. If the address of the intermediate node is
included in the visited node list, it indicates the occurrence of the loop and hence REQ_Ant is discarded.
Otherwise, after receiving the REQ_Ant, the intermediate node updates the pheromone in the pheromone
table. The pheromone (<p;d) of the link (s, j) by which the source node (s) reaches the destination node
(d) is updated using Eq. (1) where p is the pheromone updation constant that lies between 0 and 1.

‘Pj‘d =(1+p)x ‘P]S'd (1)

Now, the hop count field (/c) in the REQ_Ant is incremented by one. The distance (df) and trip time (#f)
are also calculated and updated in the REQ_Ant. Besides, the minimum residual energy field (en;,) in the
REQ_ANT is updated by comparing the value of the residual energy of the source node (e,(s)) present in
the REQ_Ant and the residual energy of the first intermediate node (e,())). If the residual energy of the
source node (e,(s)) is less than the residual energy of the first intermediate node (e,(f)), then the minimum
residual energy field (emin(s)) is retained, otherwise, it is replaced by the residual energy of the first
intermediate node (e,(j)). Next, the total residual energy field (ey,,,) is calculated by finding the sum of
the residual energies of the source node (s) and first intermediate node (j), i.e., (e,(s)) and (e,(j)) and the
value is updated in the corresponding field of the REQ_Ant.

In addition to that, the first intermediate node (j) replaces the residual energy of the source node (e, (s))
present in the REQ_Ant by the residual energy of the first intermediate node (e,(j)). The first intermediate
node (j) also includes its address in the list of visited nodes field (#,,;.s) and check the available path to
the destination node (d) from the routing table. If the routing table of the first intermediate node (j) does
not show any information about the available paths to the destination node (d) in the network, it
broadcasts the REQ_Ant to all the neighboring nodes. But, if the first intermediate node (j) has the path

for the destination node (d), then REQ_Ant will select the next hop (k) with the probability (P,,) given by
the Eq. (2).

ha'lha
P, =k
“ Z %d nd

}’IGNj

@

In the above equation, %d indicates the pheromone value of the link (j, k) stored in the routing table of
the intermediate node (j) for the destination node (d). 17, is the heuristic value of the node () which depends
on the residual energy of the node and it is given by Eq. (3), where e;,,;;,; is the initial energy of the mobile
node in the network and e opsumeq 18 the energy consumed by the node. N; represents the set of neighboring
nodes of node (j) in the routing table through which the node (j) can transmit data to the destination node (d).
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;/,]](d = Cinitial — €consumed (3)
Step 3. Reception of First REQ_Ant by the Destination Node (d) from the Intermediate Node (k):

When the destination node (d) receives the first REQ_Ant from the intermediate node (k), it updates
all the parameters and creates the REP_Ant. The REP_Ant is transmitted in the reverse path of REQ_Ant to
reach the source node. In its return path, REP_Ant update the pheromone of the link along its path. The
structure of the REP _Ant is shown in Fig. 5. The fields present in the REP_Ant are source address (sa),
destination address (da), broadcast id (bid), hop count (kc), list of visited nodes (72,,5.4) copied from REQ_Ant.

sa da bid hc

Myisited

Figure 5: Structure of REP_Ant

Step 4. Reception of Second REQ_Ant by the Destination Node (d) from the Intermediate Node (m):

When the second REQ_Ant reaches the destination node from an intermediate node (), it updates all the
parameters and calculates the route preference probability (Pf’m) to select the energy efficient shortest path
between the destination node (d) and the source node (s). The route preference probability (P;‘f”) is given

by Eq. (4).

d
d Sofnsxfnswms)‘;ins (4)
Y el
rER’_ FSArS T rs”rs

In the above equation, ¢ indicates the pheromone value of the path and y¢, ¢ , \¢_ are the three
heuristic functions based on total residual energy (eg,,,), minimum residual energy (em;,), hop count (4c),
trip time (#/) and distance (df) used for choosing the energy efficient shortest path between two nodes for
the transmission of data. The first heuristic function (3¢ ) indicates the average residual energy of the
nodes and the second heuristic function (xpfm) is the minimum residual energy of the nodes present in the
selected route from the destination node (d) to the source node (s). The third heuristic function (A\9,) is
the inverse of the weighted sum of hop count (/c), trip time (#) and distance (dt) of the path. a, f, y are
the weights for the hop count (/c), trip time (#) and distance (df) of the path respectively [24]. R; the set
of routes in the routing table through which the REQ_Ant reaches the destination node (d) from the

source node (s). REP_Ant follows the same method of pheromone updation as that of REQ_Ant.

d _ Csum

Kms - hC 4 1 (5)
lpflns = €min (6)
N = (alhe) + B(it) + 7(dr)) ™" (7)

Step 5: When Intermediate Node Receives REP _Ant:

When an intermediate node receives the REP_Ant, it updates the pheromone value using Eq. (1) and
forwards the REP_Ant to the source node.

Step 6: When Source Node Receives REP _Ant:

When the source node receives the REP_Ant, it updates the pheromone value using Eq. (1) and discards
the REP_Ant. Then the source node starts the data transmission along the path travelled by REP_Ant.
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4.2 Data Transmission and Route Maintenance

Once the REP_Ant is received by the source node, it discovers the path and the source node (s) can send
the data packets to the destination through that path. When the data packet traverses from one node to
another, it updates the pheromone of the link that forms the path. The pheromone of the link is updated
as in Eq. (1). If the pheromone value is updated continuously, it may exceed the maximum value and that
path will be used even though other efficient paths are available. This process is called stagnation which
prevents the exploration of new good paths for data transmission. In general, to avoid the stagnation,
pheromone evaporation technique is introduced. Pheromone evaporation takes place periodically. The
pheromone values of the links are evaporated for every regular interval of time. Pheromone evaporation
is mathematically formulated as given in Eq. (8).

Pha = (1= 0) X Gy ®)

where ¢ is the pheromone evaporation constant that lies between 0 and 1.

The random parameters employed in this algorithm include pheromone updation constant (p),
pheromone evaporation constant (o), weight for the hop count (a), trip time (f) and distance (y) of the
path. After repeated simulation analysis, it is found that the best results are obtained for the following
values of the random parameters: p = 0.1, ¢ = 0.1, « = 0.3, f§ = 0.3 and y=0.4.

5 Performance Metrics

The performance of the proposed routing protocol is evaluated by considering five performance metrics such
as Packet Delivery Ratio (PDR), Average Path Length (APL), Network Lifetime (NL), Number of Dead nodes
(ND) and Average Energy Consumption (AEC) [25,26]. These performance metrics are defined as follows.

5.1 Packet Delivery Ratio (PDR)

Packet Delivery Ratio refers to the total number of packets received by the destination to the total
number of packets transmitted by the source. The Packet Delivery Ratio must be high for a good routing
protocol. In other words, it is desirable that the maximum number of data packets has to be reached to
the destination.

Total number of data packets received

PDR(%) = 9
(%) Total number of data packets transmitted ©)

5.2 Average Path Length (APL)

It is the average length of the path traveled by the packet between the source node and the destination
node. The data packets must take the shortest path to reach the destination node from the source node. The
Average Path Length taken by the data must be less for an energy efficient routing protocol.

APL — Total number of hops of data packets received successfully

(10)

Total number of data packets received successfully

5.3 Network Lifetime (NL)

Network Lifetime is the time when the first node in the network dies. In other words, it is the time when
the first node’s battery power is exhausted. The Network Lifetime is an essential parameter for representing
the performance of the energy efficient routing protocol for MANET. It depends on the battery power of the
mobile node in the network. The energy efficient routing protocol must prolong the Network Lifetime by
reducing the Average Energy Consumption.
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Network lifetime = Time when the first node dies (11)

5.4 Number of Dead Nodes (ND)

A Dead node is one whose residual energy is zero or battery power is completely exhausted.

If e =0, then Node N; — Dead node (12)
ND = Sum of dead nodes

where V; represents the nodes in the network and e, represents the residual energy of node N;.

5.5 Average Energy Consumption

It is the ratio of the total amount of energy consumed for transmission and reception of packets from
source to destination to the total number of nodes in the network. The energy efficient routing protocol
must reduce the Average Energy Consumption and enhance the overall lifetime of the network.

AEC — Total amount of energy consumed

(13)

Total number of nodes

6 Results and Discussion

This section explains the details of the simulation results attained for the proposed methodology. In this
work, the Network Simulator NS2 (Version 2) is used for constructing the network and computing the
performance metrics of the network. It is the commonly used simulation tool for the research in the
networking field. The two languages used in NS2 are C++ and OTcl. The C++ language is efficient for
the implementation of a design but visualization is difficult. At the same time, OTcl is an object-oriented
extension of Tcl script language where visualization is easy. Two cases of Mobile Ad hoc Network is
constructed for simulation purpose. In the first case, the Mobile Ad hoc Network is constructed with
50 nodes and in the second case, Mobile Ad hoc Network is constructed with the variable number of
nodes (20, 40, 60, 80 and 100 nodes).

6.1 Simulation Parameters

The nodes are distributed in a random manner within the simulation area. The random waypoint mobility
model is considered for node movement in which the nodes move with a constant velocity of 20 m/s. The
pause time of the nodes is varied from 0 to 300 s. The initial energy of the mobile node is taken as 20 J.
The power required for transmission is set to 0.3 mW and power for the reception of a packet is set to
0.2 mW. In this work, each experiment runs for about 300 s. The performance of the proposed technique
is analyzed by comparing it with three different algorithms (AOMDYV, ARA and ACECR). The
performance metrics are computed for different networks and the results are discussed in the subsequent
sections. Tab. 1 summarizes the parameters used for the simulation of the proposed work.

6.2 Case 1: Performance Analysis of the MANET with 50 Nodes

First, the Mobile Ad hoc network is created with the interconnection of 50 nodes which are distributed
randomly within the area 1500 m x 300 m. Moreover, the constructed network is analyzed by considering
two distinct scenarios. In the first scenario, the performance of the network is evaluated by varying the
pause time of the mobile nodes and in the second scenario, the performance is evaluated by varying the
mobility of the nodes.
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Table 1: Simulation parameters

Parameters

Values

Simulation area

Channel type

Propagation model

Transmission range

Mobility model
MAC protocol

Pause time
Node speed
Traffic type
Data rate
Packet size
Initial energy
Transmit power
Receive power
Protocols

Simulation time

1500 m x 300 m

Wireless channel

Two ray ground propagation model
250 m

Random waypoint mobility model
IEEE 802.11

0, 50, 100, 150, 200, 250, 300 s

0, 50, 100, 150, 200, 250, 300 m/s
Constant bit rate traffic

1 packet/sec

512 bytes

207

3 mW

2 mW

ACECR, AESR, AOMDYV and ARA
300 s

Scenario I: Results by Varying the Pause Time of the Mobile Nodes

The impact of the pause time of the nodes in the network is analyzed by varying the pause time. The
pause time of the nodes is varied from 0 to 300 s. The mobile nodes move with a constant speed of about
20 m/s. Fig. 6 shows the variation of different performance metrics such as Packet Delivery Ratio (PDR),
Average Path Length (APL), Network Lifetime (NL), Number of Dead nodes and Average Energy
Consumption (AEC) with respect to the pause time of the nodes. The performance of the proposed AESR
routing algorithm is compared with other algorithms such as ACER, AOMDYV and ARA and the results
are depicted in the figure shown below.

The performance result demonstrates that the proposed AESR method provides better performance than
ACECR, AOMDYV and ARA at all the different pause times considered in this simulation. Fig. 6a reveals the
comparison of ACECR, AOMDYV, ARA and proposed AESR for Packet Delivery Ratio against varying the
pause time of the nodes When the pause time is low, there is an increase in the mobility of nodes which results
in a frequent change in the topology of the network. So, the PDR is less at low pause times. As the pause time
increases, the node mobility decreases which in turn increases the Packet Delivery Ratio. The Packet
Delivery Ratio of the AESR method is nearly 5% more than the Packet Delivery Ratio of the ACECR
algorithm. Similarly, the Packet Delivery Ratio of AESR is about 20% to 30% greater than the AOMDV
and ARA.

Fig. 6b reveals the comparison of ACECR, AOMDYV, ARA and proposed AESR for Average Paths
Length against varying the pause time of the nodes. The AESR selects the optimal path not only based
on the residual energy but also based on the distance, trip time and hop count. So, the path used for data
transmission is an energy efficient shortest path in which the data packets travel along the path whose
length is short but at the same time, the total residual energy of the path is high. But in ACECR, distance
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and trip time are not considered in the optimal path selection and so the data packets travel through the path
that is energy efficient but at the same time, the length of the path is long.

(@)

100 . . , . . , . 6 . " " (t?)
g L4t
~ 50 o
a <l

0
10 50 100 150 200 250 300 I ACECR 10 50 100 150 200 250 300
Pause time (s) [CTJaoMDV Pause time (s)
[]ARA
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i ‘ ' i L')_ i i i I AESR(Proposed) ' . ' ((.1)

No. of Dead nodes
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(e)
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Pause time (s)

Figure 6: Variation of different performance metrics with respect to pause time. (a) Packet delivery ratio
(PDR) (b) Average path length (APL) (c) Network lifetime (NL) (d) No. of dead nodes (ND) (e) Average
energy consumption (AEC)

Fig. 6¢ indicates the variation of the lifetime of the network with respect to the changing pause time of
the nodes. In AESR, the lifetime of the network is 215, 227, 266, 295, 248, 293, 263 s respectively and it is
found that these values are high when compared to the Network Lifetime of ACECR, AOMDYV and ARA for
varying pause times. The lifetime of the network in AESR is extended by 10, 100 and 50 s when compared to
ACECR, AOMDYV and ARA. It is clear that AESR prolongs the lifetime of the network by conserving
energy. This is because the proposed routing technique selects the energy efficient shortest path for data
transmission between two nodes.

Fig. 6d compare the number of dead nodes in the ACECR and AESR routing techniques. It is clearly
identified that the number of dead nodes decreases initially as the pause time of the nodes increases. In
AESR, the REP_ANT selects the route with higher minimum residual energy among the available routes
which in turn results in the reduction of dead nodes. But in ACECR, the REP_ANT follows the same
path traveled by the REQ_ANT and the goodness probability of the path is calculated only at the source
node. Similarly in AOMDV and ARA, the residual energy of the nodes is not considered for optimal
route selection. So, the energy consumption is more in ACECR, AOMDYV and ARA which in turn
increases the number of dead nodes.

Fig. 6e shows the variation of Average Energy Consumption by varying the pause time from 0 to 300 s.
As the pause time increases, the average energy consumed by the nodes in the network decreases. Since
AESR considers the minimum residual energy of the nodes as well as the distance between the nodes for



1434 TASC, 2022, vol.33, no.3

the selection of the path, it selects the path with higher minimum residual energy and shortest path and so
energy consumption is less than that of AECER, AOMDYV and ARA.

Scenario II: Simulation Results for Varying the Mobility of the Nodes

The performance of the proposed protocol is also evaluated under different node mobility, i.e., the speed
of the network nodes is changed from 10 to 300 m/s. The pause time of the nodes is kept constant as 20 s. The
effect of the performance metrics due to the varying speed of the mobile node is shown below. Fig. 7 shows
the variation of the performance metrics with respect to the moving speed of the nodes.
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Figure 7: Variation of different performance metrics with respect to speed. (a) Packet delivery ratio (PDR)
(b) Average path length (APL) (c) Network lifetime (NL) (d) No. of dead nodes (ND) (e) Average energy
consumption (AEC)
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Fig. 7a shows the change in Packet Delivery Ratio at different mobility of the nodes. We know that as the
speed of the node increases, the Packet Delivery Ratio decreases. This is due to the fact that the high mobility
of the nodes causes link failure in the network and results in packet loss. However, AESR selects the energy
efficient shortest path for data transmission and successfully delivers more number of packets when
compared to ACECR, AOMDYV and ARA. The Packet Delivery Ratio of AESR is 2% to 9% more than
the ACECR routing technique. Similarly, the Packet Delivery Ratio of AESR is 25% and 20% more than
the AOMDYV protocol and ARA algorithm.

Fig. 7b shows the change in Average Path Length at different mobility of the nodes. The AESR
combines the distance, trip time and minimum residual energy of the nodes to calculate the goodness
probability of the path. Based on this goodness probability, the REP_ANT selects the optimal path for
routing the packets that is the shortest energy efficient path is used for data transmission. But ACECR
considers only the metrics related to residual energy without using the distance or trip time. The
AOMDYV and ARA technique selects the optimal path based on the hop count without considering the
distance between the nodes and the residual energy of the nodes. So, the average length of the path
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covered by the data packets in the proposed algorithm is less when compared to ACECR, AOMDYV and
ARA. This reveals that the proposed AESR technique selects the shortest path for data transmission.

Fig. 7c represents the variation of the Network Lifetime for varying the speed of the nodes. When
compared to ACECR, the AESR extends the lifetime of the network within the range of 4 to 16 s for the
change in the mobility of nodes from 10 to 300 m/s. The lifetime of the network in the proposed method
is improved on an average of 113 s when compared to AOMDYV, 72 s when compared to ARA and 9 s
when compared to ACECR. The improvement in the Network Lifetime in AESR is due to the fact that
the proposed routing technique selects the route with higher minimum residual energy and shorter
distance for sending the data packets from one node to another. The energy consumption is less in AESR
that allows the network to live longer than ACECR, AODV and ARA.

Fig. 7d highlights the effect of the speed of the nodes in the number of dead nodes in the network during
the total simulation time of 300 s. In general, as the speed of the node increases it exhaust the energy of many
nodes completely and create many dead nodes. Fig. 7e depicts the Average Energy Consumption of the nodes
for different node mobility speeds. The Average Energy Consumption is an important metric to analyze the
performance of an energy efficient routing protocol. At low mobility, the Average Energy Consumption is
low for both ACECR and AESR. However, as the mobility increases, the average energy consumed by
the nodes is less in AESR than ACECR, AOMDYV and ARA. When compared to ACECR, AOMDYV and
ARA the average energy saving in AESR range from 0.4 to 1.2, 1.6 to 2.8 joules and 1 tol.5 joules
respectively as the speed of the node varies from 10 to 300 m/s.

From the simulation results discussed in the above two cases, it is concluded that the AESR routing
technique has performed well in all aspects. Compared to the ACECR, AOMDYV and ARA in all the
investigated cases, the experimental results reveal that the proposed ACO based energy efficient shortest
path routing technique provides the best performance in terms of Packet Delivery Ratio, Average Path
Length, Network Life time, Dead nodes and Average Energy Consumption.

6.3 Case 2: Performance Analysis of the MANET with Variable Number of Nodes

The performance evaluations are also carried out for the networks with different nodes (20, 40, 60,
80 and 100 nodes). The performance of the proposed protocol is compared with the existing protocol
ACECR, AOMDYV and ARA by varying the size of the network, i.e., the number of nodes in the network
is varied as 20, 40, 60, 80 and 100. Fig. 8a shows the variation of Packet Delivery Ratio as a function of
the number of nodes. The proposed AESR shows a better Packet Delivery Ratio over other algorithms
such as ACECR, AOMDYV and ARA. The main reason for this is that the proposed method uses the
energy efficient path for the delivery of the data packets. It is also observed that AODV and ARA show
lower Packet Delivery Ratio compared to other algorithms. Fig. 8b shows the impact of number of
number of nodes in the Average Path Length. The Average Path Length of the proposed technique is less
when compared to ACECR, AOMDYV and ARA. This is because, in addition to the residual energy, the
proposed AESR algorithm considers the hop count, distance and trip time for the selection of the optimal
path for transmitting the data packets.

Fig. 8c shows the improvement in the Network Lifetime as a function of the number of nodes. When
compared to ACECR, the improvement in the lifetime is varied between 0 to 28 s and when compared
with AOMDYV varied between 30 to 160 s and compared with ARA varied between 0 to 120 s. Fig. 8d
presents the variation of the number of dead nodes with respect to the number of nodes in the network.
The AESR protocol presents a significant reduction in the number of dead nodes for the same simulation
scenario. Fig. 8¢ shows the impact of varying the number of nodes over Average Energy Consumption.
In general, as the number of nodes in the network increases, the amount of energy consumed is also
increases which in turn drain the energy of the nodes at faster rate. The Average Energy Consumption of
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the proposed AESR is comparatively lower than the ACECR, AOMDYV and ARA. The results of AESR and
ACECR are very similar in all the simulation scenarios because both these techniques are energy aware
algorithms. However, the performance of the AESR technique is better than ACECR in terms of all the
performance metrics. The proposed AESR protocol extends the lifetime of the network by reducing
energy consumption and at the same time, it delivers more packets to the destination by selecting the
optimal path for data transmission. On the other hand, the traditional protocol AOMDYV and the antbased
routing protocol ARA presents the worst results for all the performance metrics in the three scenarios
100

because they are not energy aware protocol.
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7 Conclusion and Future Scope

In this paper, an ACO based Energy efficient Shortest path Routing method is presented. From the
simulation results, we found that the proposed routing technique has a high Packet Delivery Ratio and
low Average Path Length. In addition to that, the proposed technique extends the lifetime of the network
by reducing energy consumption which in turn reduces the number of dead nodes in the network. In the
future, the proposed approach can be analyzed by modifying the ACO algorithm by applying different
types of pheromone update and pheromone evaporation methods. The technique proposed in this paper
can also be analyzed by varying the mobility model and data rate. In addition to this, the proposed ACO
based Energy efficient Shortest path Routing algorithm can be analyzed by using other optimization
algorithms such as Bee Colony Optimization, Bat Algorithm etc instead of ACO. Though they have
different dimensions, they are suited for Mobile Ad hoc Networks due to their dynamic characteristics.
The foraging behavior of honey bees and the echolocation behavior of bats can be used for finding the
energy efficient route for Mobile Ad hoc Networks.
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