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Abstract 
 

MANET nodes act as a host as well as a router which increases the significance of every node for their participation in 
communication. Loss of any node in the network results in failure of links connected to the node which brings the 
importance of increased lifespan of a node. Some nodes during frequent transaction at critical network scenario consume 
more energy and become ill with critical energy level. Special attention towards these nodes can improve the lifespan of 
the node. In this paper an ant colony-based pheromone deposition mechanism was proposed to extend the lifetime of ill 
nodes. Pheromone deposited for the neighbor in the pheromone table helps in identifying frequently communicated 
neighbor. The proposed algorithm identifies the ill node and requests its frequently communicated neighbor for a tie up. 
The neighbor shares the workload of the ill node with mutual agreement. This method also improves the performance of a 
network by limiting pheromone deposition practice for low weighted nodes with low energy and high density (packet in 
queue). The proposed method increases lifespan of ill nodes and thereby increases the lifetime of entire network. The 
proposed work was also compared with existing protocol and the results have proved that the proposed mechanism has 
increased lifetime and reduced energy consumption of the entire network. 
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1. Introduction 
 
Mobile Ad Hoc network (MANET) is a self-organizing 
network which benefits with its applications in 
infrastructureless environments Pelusi et al. [1]. This kind of 
network is well suited for the mission critical applications 
such as emergency relief, military operations where no pre-
deployed infrastructure exists for communication Debdutta et 
al. [24]. The limitation of nodes reachability in the network 
influences into the enhancement of its role Motoyoshi et al. 
[3]. The device in this network participates as a host as well 
as intermediate for its transactions Renu et al. [4].  
 Nodes participation in the network differs based on its 
positioning with other nodes e.g. the central node in the 
network and nodes with more number of links have higher 
responsibilities in network transactions Khalid et al. [5], 
Abbas et al. [6]. The edge nodes on the other hand have less 
responsibility in the network Kampitaki et al. [8]. In a mobile 
environment, dynamic change in position results into frequent 
link failures Devi el at. [7] The link failures have high impact 
in the performance of the network. The major reason of 
frequent link failures has been identified as the uneven 
distribution of workload among nodes. Improving the energy 
efficiency of the nodes to get higher time to live (TTL) is a 
recent research demand in MANET and wireless sensor 
networks. This influences for the development of enhanced 
algorithms to control the responsibility distribution and 
increase the energy efficiency of nodes. Many researchers are 
continuously working in this area to improve network and 
nodes lifetime Mansourkiaia et al. [26], Tamandani et al. [27].  

 Roberto Magan in his research article has presented a 
multicast routing based on tree topology which uses genetic 
algorithm as a computational stratergy to select optimal 
intermediate nodes. The approach uses maximum residual 
energy and minimal energy usage as its computational 
parameters in the selection of intermediate node [31].  
Dimitris Kanellopoulos in his research focused on the 
transport layer and designed TCP enhancement for 
congestion control which in turn reduces energy consumption 
[29]. In a research work conducted by Hesham et al., DSR 
based scheme was introduced which finds power and load 
aware multiple node-disjoint paths to destination. The 
approach was able to show difference with little extension in 
the operational life of nodes [33]. In another approach, Anish 
K has modified the existing method with a planned and 
reduced usage of control message. This modified system uses 
transition state supporting cooperative MAC broadcast 
protocol. This method not only reduces the energy 
consumption but also utilizes the available node effectively 
before the nodes energy drains [30]. Farkhana Muchtar et al., 
conducted a detailed review to emphasize on the importance 
of energy efficiency in MANET. The research further 
explores with robust understanding of energy efficiency 
aspects in MANET [32].   
The organization of this paper follows with problem 
identification and discussion in section 2. The next section 
discusses node and its state. The section also elaborates 
weight calculation and nodes categorization. The algorithms 
design and working process is detailed in section 4. 
Experiment and simulation environment used in the network 
have been presented in section 5 this discusses the parameter 
used for the comparison and evaluation of protocol 
performance in the network. Section 6, presents the result 
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with detail discussions. Finally, the conclusion was made 
based on the obtained results. 
 
 
2. Problem Identification 
 
Mobile ad hoc network has attracted more critical 
applications of medical emergencies, rescue and military 
operations Saju et al. [2]. Every data generated and shared 
between the nodes are vital and even carried out at the risk of 
human life. Each node in these application scenarios is 
significantly important for its service to the maximum. The 
situation can be analyzed from the example as shown in fig. 
1. Network with seven wireless nodes (A, B, C, D, E, F and 
G) have been shown in fig. 1. Line connecting nodes are the 
links of the network. Critical data is collected from the 
environment by Node E and distributes to the network. Low 
energy of the node makes it critically important to reduce its 
transaction workload El et al. [9] which in turn will increase 
the lifetime node. This can be made possible by increasing the 
cost of the link so that the route will be selected based on the 
link cost. The impact of increase in cost of links connecting 
the source of critical data will reduce the possibility of node 
to be selected as intermediate for networks transaction. The 
network will have a light weighted (High cost and low 
workload) links connecting such critical node. 
 In fig. 1, any case of route between C to F will be carried 
through B, D neglecting the route through node E (as 
intermediate) in its first preference. It is also important not to 
block routes for critical requests in the network. Therefore, 
any repeated request increments its importance from normal 
to critical. The criticality gets increased every time the node 
receives duplicate request for the neglected request. This 
influences the node to allow critical request to form route 
through critical nodes. Identifying the critical node in the 
network is another task of this algorithm. Nodes energy, 
density and mobility were used to determine the function of 
routing protocols Jisha et al. [10] which are to categorize 
nodes current state. This categorization of nodes state 
separates the nodes under 3 groups, the efficient, busy and 
critical nodes. 

 
Fig. 1. Network scenario with critical node 
 
 
 The network needs to be efficiently monitored to identify 
its weak nodes. Nodes in a network were randomly spread 
with difference in location, movement and traffic. Effect of 
various mobile node movements pattern is analyzed in Saad 
et al. [11] and shows the impact in networks performance. 
These differences and the frequency with which the node 
participates in communication will dynamically affect its 
state. Frequently used nodes will have more traffic and 

consumes more energy compare to other nodes. The proposed 
method utilizing the frequently used path to reach the 
destination and even finds the best path with higher deposition 
of pheromone by its backward packets (reply packet). It was 
analyzed that less active nodes had no advantage of collecting 
such pheromone information as the pheromone is collected 
and evaporated without being utilized. In any network the 
participating nodes go through different state of life. To make 
the best use of optimization it needs to be identified for which 
state of nodes the optimization benefits more and reducing the 
overhead from other nodes. In fig. 2 the network highlights 
the busy node based on its traffic. Energy consumption of 
entire network can be reduced, if selected nodes execute 
additional activity (using the frequently used information) to 
optimize its control overhead. The proposed work identifies 
busy nodes to efficiently utilize the advantages of frequently 
used routes and ant colony optimization. The network to 
identify weak node were frequent monitored for every nodes 
state.  
 

 
Fig. 2. Network with busy and efficient nodes. 
 
 
 Many algorithms have been proposed in literature which 
monitors the network and its state [25][28]. The algorithm 
proposed in this work, identifies the three different state of the 
node and allows executing different approach at nodes based 
on their current state. 
 
3. State of Node 
 
Network is formed with two or more nodes exchanging 
information and participating as intermediate Jahangir et al. 
[12], Tejomayee et al. [13], Djamel et al. [14] in networks 
transactions. As from the problem definition network needs 
to identify three different categories of nodes. 
 
1) Efficient Nodes 
2) Busy Nodes 
3) Critical Nodes 
 
 Nodes based on their weight were categorized into these 
three categories. The weight is calculated for nodes residual 
energy, density of packets in the queue and nodes movement 
Jihen et al. [15], Hsiu et al. [16]. 
 
 
4. Weight Calculation and Determining Nodes State 
 
In the proposed approach, every node evaluates its own 
weight and updates its neighbor for any change in its current 
state. The algorithm uses Fuzzy system to identify the state of 
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the node. A triangular membership function is defined as a 
function having three points in the variation range of a 
parameter. The triangular membership function can be 
mathematically represented as Eq.1 and Eq.2. 
 

φ(𝑥; 𝑎, 𝑏, 𝑐) =

⎩
⎪
⎨

⎪
⎧

0, 𝑖𝑓	𝑥 < 𝑎
345
645

, 𝑖𝑓	𝑎 ≤ 𝑥	 < 𝑏	
843
546

, 𝑖𝑓	𝑏 ≤ 𝑥	 < 𝑐
0, 𝑖𝑓	𝑐 ≤ 𝑥

    (1) 

 
 The above equation can be written in the compact form as 
 
φ(𝑥; 𝑎, 𝑏, 𝑐) = max <min ?345

645
, 843
546

, 0@A    (2) 
 
 Where x is an input vector, and a, b, c are number which 
were obtained by measurements. Fuzzy set and fuzzy 
operations are acts and actuators in fuzzy logic. There are 
three input variables mobility, battery life and processing 
density in the fuzzy reasoning system. Tab. 1 presents the 
triangular membership function used in the experiment to 
convert the crisp input to fuzzy. The mobility, density and 
battery life vary from 0 to 100 % three membership functions 
for these input variables were low, medium and high been 
assigned as shown in tab. 1. Output variable, weight value, 
varies from 0 to 100 units. Three membership functions for 
its variables were considered as low, medium and high. The 
if-then rule formulizes the necessary conditions for fuzzy 
logic to decide the grading. The inference mechanism used in 
the experiment consists of 27 rules as shown in tab. 2. 
 
 
5. Fuzzy Inference Mechanism 
 
If and then rule was used in the system to identify the fuzzy 
output for the given fuzzy input Budyal et al. [17], Hongjun 
et al. [18], ParthaSarathi et al. [19]. The following rules were 
used to establish a relationship between the input and output 
variables. These rules were obtained through the primary 
experiments using NS2 simulation with different scenarios. 
Tab. 2 shows the association of fuzzy input to get the weight 
of the node. Center of gravity method has been used in the 
defuzzification of output variable.  
 
Table 1. Fuzzy Triangular Membership Function to Convert 
Crisp Inputs to Fuzzy 

Density Parameters Battery Parameters 
Low  0 0 40  Low  0 0 40 
Medium  10 50 90  Medium  10 50 90 
High  60 100 100  High  60 100 100 

Mobility Parameters Weight Parameters 
Low  0 0 40  Low  0 0 40 
Medium  10 50 90  Medium  10 50 90 
High  60 100 100  High  60 100 100 

 
Table 2. Fuzzy Rules for Nodes Weight 

Mobility / 
Density 

Weight @  
Low 

Energy 
Medium 
Energy 

High 
Energy  

Low / Low Medium Low Low 
Low / Medium Medium Low Low 
Low / High High Medium Medium 
Medium / Low Medium Low Low 

Medium / 
Medium High Medium Low 

Medium / 
High High Medium Medium 

High / Low High Medium Medium 
High / 
Medium High Medium Medium 

High / High High High Medium 
 

 
 Consequently, weight of each node has been calculated to 
grade current state of node. 
 
6. Design and Steps of Algorithm 
 
The proposed work, named as Enhanced ANT (E-ANT) was 
designed to optimize networks performance by categorizing 
the nodes state and optimizing candidate nodes control 
overheads to improve their life time. Step by step process of 
the algorithm is discussed as follows. Any node on receiving 
a route request (FPkt(id)), it updates request priority for the 
packet id where every duplicate request increments its 
processing priority. If there is no other route exists in the 
network, the priority is useful in identifying the criticality of 
the request. On receiving the request packet, the node checks 
its current state (Critical, Busy & Efficient) and responds to 
the request based on its current state. Algo. 1 presents the 
request packet and its possible response sequences in the 
proposed work. 
 In the proposed work ant colony-based pheromone 
deposition was made for the busy and critical nodes. Every 
route request and reply packet from the neighbor is updated 
by the node. The algorithm responds to the reply packet by 
forwarding the packet to its route. If the node finds itself as 
critical to respond to this packet it drops the packet. The 
pheromone deposited gets evaporated at Pt time interval to 
remove old data. Algo.2 presents the algorithm with steps that 
is executed for the reply packet. 
 
 
7. Frequency and Time Interval for Monitoring Nodes 

State 
 
The network needs to update every change that may affect in 
the performance to enable error free transactions Trung et al. 
[20]. The refresh algorithm helps the network to update the 
changes cause by the movement of node, networks energy 
flow and traffic. In the proposed approach, network executes 
(Triggers) refresh algorithm in the cause of following events. 
 
Algorithm 1. Request route request (FPktid) 

Forward FPktid to Dest_Nei(N) 
else 
Forward FPktid to Tieup_Nei(N) 
end if 
else 
Drop Pkt 
end if 
else if Node State = Busy then 
UPDATE Pheromone 
if Dest address = Nodes Neighbor (Nei(N)) 
then 
Unicast FPktid to Dest(N) 
else 
Forward FPktid 
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end if 
else if Node State = Efficient then 
if Dest address = Nodes Neighbor (Nei(N)) 
then 
Unicast FPktid to Dest(N) 
else 
Forward FPktid 
end if 
end if 

 
 
• Nodes mobility change at high rate (MH) 
• Nodes Energy drop with high rate (EH) 
• Higher packet rate in the queue (PH) 
 
Algorithm 2. Receives route reply (RPktid) 
 

RPktid Priority = RPktid Priority + 1 
if Source address = Node itself(N) then 
Establish Connection 
else if Node State = Critical then 
Update Pheromone 
if RPktid Priority _ High then 
Unicast RPktid to Next Nei(N) 
else 
Drop PKT 
end if 
else if Node State = Busy then 
UPDATE Pheromone 
Unicast RPktid to Next Nei(N) 
else if Node State = Efficient then 
Unicast RPktid to Next Nei(N) 
end if 

 
Algorithm 3. Refresh nodes state 

 
{Nm: Nodes Mobility; Pktr: Pkt rate at queue; 
Ec: Change in energy} 
if time = T||Nm _ MH||Pktr _= PH||Ec _ EH 
then 
Calculate Nodes State 
{Before Refresh} 
Before State = Current Node State 
INPUT: Nodes Energy, Nodes Density, Nodes 
Mobility 
PROCESS: Fuzzy system, Fuzzification, 
Inference Rules, Defuzzification 
{After refresh} 
OUTPUT: Node State 
if Before state = Busy || Efficient && After 
State = Critical then 
Send tieup Request to highest priority 
neighbor 
if Accepted then 
Add node as tieup attainder node 
Goto Sleep Mode 
else 
Send request to next 
end if 
else if Before state = Critical&&After State = 
Busy||Efficient then 
Free the tied-up node 
Send update to neighbor nodes 
end if 
end if 

 In addition to all three events there will be a constant time 
interval T at which the network executes refresh algorithm. 
The algorithm keeps a check on to the state of the network 
nodes which improves the reliability of the network at any 
point of time. Nodes at high traffic with more packets in there 
queue causes delay in networks transaction and even in cases 
it drops packet at high dense situations. Node with high 
mobility results into frequent change in topology therefore 
nodes movement has been considered while monitoring the 
state of any node. Energy of the node is one of the major 
limited resources of MANET Baisakh et al. [21], Adam et al. 
[22], Afzal et al. [23] that have been taken as the third variable 
to evaluate the state of node. 
 
 
8. Simulation Environment 
 
The work has been simulated to study the performance of 
proposed algorithm. As the objective of the work was to 
identify the weak nodes in the network and reduce their 
workloads to increase nodes lifespan. Experimental setup was 
made with 50 to 100 nodes network. Each node was assigned 
with random energy values (ranging between 50 joules to 100 
joules). Network was provided with high traffic to generate 
network scenario where few or some nodes come across the 
risk of becoming weak nodes. Other parameters that were set 
for the experiment are detailed below in the tab. 3. 
 
Table 3. Simulation Parameters 

Parameters  Values 
NS-2 Version  2.35 
Area in sq mtrs 1000 
Number of Nodes  50-160 
MAC layer  802.11 
Packet Size  2000 bytes 
Interval  0.25 ms 
Packet Rate  4 pkt/s 
Traffic & Transport Protocol CBR : FTP & UDP : TCP 
Bandwidth  2 Mbits/Sec 
Antenna  Omni antenna 
Radio Propagation  Two ray ground 
Transmission Energy  2 × 10−1 joules/pkt 
Receiving Energy  1 × 10−1 joules/pkt 

 
 
9. Result and Discussion 
 
Simulation for the proposed approach was carried out in two 
different experimental environments. In the first set of studies 
the proposed approach was compared with AODV protocol 
for the impact of mobility. In the second set of experiment the 
proposed method was studied at varying traffic loads. Packet 
interval from the source node was varied and the proposed 
method was compared with ANT based routing approach.  
 Results obtained from the mobile environment were 
presented in fig. 3 and fig. 4. At high mobility the packet 
delivery ratio for the E-ANT was 99.93 % and AODV was 
able to deliver 94.623 % of packets as shown in fig. 3. The 
plot further shows that the proposed E-ANT protocol has 
consistently given higher packet delivery ratio at different 
mobility environment. High mobility has higher impact on 
AODV protocol in terms of its packet delivery performance. 
The packet delivery ratio for AODV protocol was 
approximately 96.9 %.  
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Fig. 3. PDF at various pause time. 
 

 
Fig. 4. Delay at various pause time 
 
 In Fig. 4, simulation result for delay in the network was 
compared for E-ANT and AODV protocol. The results prove 
that E-ANT has less delay compared to AODV at different 
pause time. 
 

 
Fig. 5. Jitter at various pause time. 
 
 Figure 5 presents the jitter in the network for E-ANT and 
AODV at various pause times. It can be observed from the 
graph that the proposed method E-ANT had less jitter from 
higher mobility to lower mobility. 
 Simulation results for varied packet interval from source 
were presented in fig. 6 and fig. 7. The results show that high 
traffic has higher impact over the performance of routing 
approaches. Fig. 6 presents the comparison of proposed 
approach with ANT routing algorithm. At packet interval of 
0.05 ms, proposed approach was able to deliver 53.81 % of 
packet whereas ANT had low packet delivery fraction. The 
reduced traffic with a packet interval of 0.08 ms and 0.1 ms 
has allowed the protocols to deliver packets at higher rate of 
above 90 %. Throughout the Enhance ANT has performed 
higher with improved packet delivery ratio. 
 

 
Fig. 6. PDF at different packet intervals 
 

 
Fig. 7. Throughput at different packet intervals 
  
 In fig. 7 the simulation results for the ANT and Enhance 
ANT were compared for throughput in the network. Results 
show that the proposed approach had higher throughput for 
very low packet intervals but this difference in throughput 
was very moderate for average and higher intervals. In the 
results the jitter observed for the E-ANT was low when 
compared with ANT protocol. 
 

 
Fig. 8. Jitter at different packet intervals 
 
 Fig. 8. presents the jitter in network for ANT and E-ANT 
at varying packet interval. 
 
10. Conclusion 
 
This work was concert with the critical nodes in mobile ad 
hoc network. There was a need to enhance the performance of 
such critical node and networks performance. In this 
approach, ANT colony-based approach was enhanced with 
the awareness of nodes state and simulated. The results have 
proved the improved performance of E-ANT at various 
mobility and traffic scenarios. The proposed approach was 
able to improve the packet delivery fraction at an approximate 
range of 99.93% for different mobility scenarios and 
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approximate 99.7 % of PDF at traffic scenarios. The study has 
also shown reduce in delay and jitter for the proposed 
approach when compared.  
 

This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License  
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