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Abstract: The Mobile Ad hoc Network (MANET) is a collection of mobile nodes that operates without infrastructure and is 

self-administrative. It often changes the topology called dynamic network. The nodes are in the dynamic network spending 

more energy on path finding that resultant the node quickly draining and being inactive in the network. To overcome this issue, 

propose an Improve Energy Capability Backup Route ant colony optimization (IEC-BR) algorithm for reducing energy usage, 

enhancing network lifetime, improving packet delivery, and decreasing end-to-end delay. The algorithm uses a backup route 

for minimizing the route researching and node energy preservation. Stability factors and Quality of Services (QoS) parameters 

help to enhance the network lifetime and QoS. The stability factor uses the node residual energy and the link lifetime. Hop 

count and bandwidth are used for the QoS parameters. The simulation result has proved the proposed IEC-BR technique 

improves packet delivery, node lifetime by 31% and reduces the network delay compared to the traditional Ad hoc On-demand 

Distance Vector (AODV) and Multi Objective Ad hoc On-demand Distance Vector (MOAODV) routing protocols. 
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1. Introduction 

The collection of mobile nodes combines to form a 

momentary network is a Mobile Ad hoc Network 

(MANET). It is a multi-hop short term network 

without using centralized administration and 

infrastructure. Numerous applications use MANET 

because of its ability to form a network anywhere and 

anytime. The major challenge in MANET is to provide 

efficient routing and the quality of services. The 

frequent topology changes affect the routing and the 

battery power of the nodes. The quality of service path 

is providing reliability, less delay time in data delivery, 

and less packet loss. 

The resource-consuming applications affect the 

mobile ad hoc network’s quality of service. These 

applications are multimedia, real-time streaming, and 

others that are primarily required minimal resource to 

deliver the data. The network dynamic nature affects 

the route search with minimal resources. The resultant 

path that satisfies the set of services and resources 

required by the application called Quality of Services 

(QoS) [7]. Providing the quality of services is hard in 

the mobile ad hoc network due to its dynamic 

topology. 

The traditional routing protocol helps to find a path 

without QoS. Enabling QoS in the path, an algorithm 

uses QoS metrics like bandwidth, delay, hop count, 

cost [3]. Hop count is an additive metric that all nodes  

 
in the path help to reach their destination [6]. The other 

metrics are node energy and link stability used to select 

the next-hop among nodes to forward the data to the 

destination. 

A novel approach named the IEC-BR ACO routing 

algorithm is proposed for enhancing network lifetime 

and reducing node energy consumption in MANET. 

For energy conservation, the algorithm uses a backup 

route and Ant Colony Optimization (ACO) [9] for 

avoiding path research. ACO uses two agents for 

collecting the QoS parameters' values, one is Forward 

Ant (FANT), and another one is Backward Ant 

(BANT). The proposed algorithm combines three 

approaches to achieve high packet delivery and 

increase the lifetime of the node.  

The first approach is to calculate the stability factor 

using the node’s residual energy and link lifetime.  

The second approach is to collect the quality-of-

service parameters for calculating the shortest path 

using ant agents. 

The third approach is minimizing energy usage and 

increasing the lifetime of the node. In ACO, forward 

ants traverse the network and form the pheromone on 

its path. The backup pheromone table at each node is 

used to minimize the node residual energy usage by 

avoiding the same path search again. NS3 simulator is 

used to accomplish the simulation of our algorithm 

(IEC-BR ACO) Improving Energy Capability Backup 
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route Ant Colony Optimization with Ad hoc On-

demand Distance Vector (AODV) [16] and Multi 

Objective Ad hoc On-demand Distance Vector 

(MOAODV). 

2. Related Works 

This research concentrated on addressing the problems 

of single path routing protocols. Existing routing 

protocol using minimum hop count for the route 

destination, the other factors energy, bandwidth, and 

delay are not considered. EE-AODV [11] using Energy 

Consumption (ECR), is calculated using Residual 

Energy (RE) and Current Energy (CE) of the node. 

Finally, the route is weighted by the number of hops 

and the energy. EE-AODV using the route search 

process again for path failure. Hybrid modeling [12] 

uses the predicted position for routing decisions. 

prediction is based on location not used by past 

information. It uses the polynomial regressing (Pti) is 

position and time, and speed is calculated (s). Bat 

Optimized Link State Routing (BOLSR) [14] is 

improved the energy usage in (OLSR) using Bat 

Algorithm (BA) with velocity (vi) and frequency (fmin). 

The route selection is used Objective Function (OF) 

that calculated from overhead, energy variance, and 

PDR. MANET [1] contains many on-demand routing 

protocols like DSR and AODV. Addressing the 

problems for enabling the QoS in on-demand routing 

protocols, Ant Colony Optimization (ACO), and 

multipath routing. MANET protocols in which some 

significant Are ad hoc On-demand Multipath Distance 

Vector (AOMDV) [20] that assures loop less and 

discontinues of an alternate route. It is using the 

(advertisedhopcounti
d) which is calculated using hop 

count, next hop and route list. The Split Multipath 

Routing (SMR) [17] uses two routes for each session, 

the first one is the quickest path, and the other is a 

disjointed route. Temporally-Ordered Routing 

Algorithm (TORA) [23] remains scalable for broad 

and dense networks. Multipath DSR (MDSR) [22] 

signifies to lessen the path query flooding. AODV 

Backup Routing (AODV-BR) [18] creates a mesh 

network and provides many equivalent routes to its 

destination. The Lifetime-Aware Multipath Optimized 

Routing (LAMOR) [26] depends on node residual 

energy and current transit states. Energy Drain Rate is 

calculated (DR) by total Energy Consumption (EC) in 

seconds (T). (NDMLNR) [27] considers connection 

and node establishment for multipath routing, The 

(OLSR)[4] protocol using bandwidth and delay QoS 

metric for the performance improvement. Ant colony 

based Multi-path QoS-aware Routing (AMQR) [19] 

provide QoS using swarm intelligence and disjoints 

multipath routing. Improved Ant Colony Optimization 

(I-ACO) [28] employs a pair of models, one for 

obtaining the position of the next node named 

transition probability, the next one is a directional 

probability that serves to locate the subsequent node 

towards the destination. QoRA [2], a QoS enabled 

routing protocol using ant colony optimization that 

holds two parts, the first part is path selection based on 

the QoS requirement, and the next part is the SNMP 

component. AODV Reliability (AODV-R) [25] routing 

protocol uses ant colony optimization, the protocol 

reduces the link damage chances by selecting the most 

reliable path in the dynamic network. Reactive 

Congestion aware multipath Routing Protocol (RCRP) 

[21] selects the path based on the Energy Reduction 

Rate (ERR) and Packet Delivery Time (PDT).Position 

based routing algorithm [15] uses a robust path in 

which disconnection rate is very less in the GPS 

enabled mobile nodes in the ad hoc network. Simple 

Ant colony Routing Algorithm (SARA) [8], the routing 

process is optimized by using controlled neighbor 

broadcast. Ant HocNet [10] routing algorithm setup 

multiple paths to improve the routing process using 

heuristic probability. This probability value is 

increased or decreased based on the pheromone 

deposition. ARA and PERA [5] are reactive routing 

protocols used in wireless networks. Clustering Head 

(CH) is used for energy fairness and equal traffic in all 

cluster [24]. 

3. IEC-BR ACO System Model 

A distinct approach that is an IEC-BR ACO routing 

algorithm is introduced for enhancing the network 

lifetime by minimizing the node energy consumption, 

improving packet delivery, and reducing end-to-end 

delay. The next-hop is important for reducing the 

node's power expenditure in the network. The next-hop 

possibility is calculated by 

NH=node powerX connection durability 

NH is computed by considering nodes power and link 

durability. Link durability is the availability of the link. 

Table 1 shows the various acronyms used in this and 

its meaning. 

Table 1. Notation table. 

Signs Information 

C(a,b) 
The power dissipated by a node for a packet 

transmission 

Rlt The remaining life of nodes 

Ei The power of a node 

ri The node power consumption per unit time 

Ec The node power cost 

3.1. Hop Count 

The hop count is one of the significant quality metrics 

in the network. It is the additive metric. The source 

node assigns the destination address, and the network 

protocol returns a path to the destination. To reach the 

destination, the packets are forwarded through the 

intermediate node in the path. The intermediate nodes 

are called a hop. Hop is the measurement of counting 

(1) 
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the number of nodes between source and destinations. 

In terms of quality, Less hop count is selected for 

reliable communication between source and 

destination since the total processing delay is less 

compared to the more number of hops path.  

𝐻𝑜𝑝 𝑐𝑜𝑢𝑛𝑡 (𝑝𝑎𝑡ℎ (𝑠, 𝑑)) = ∑ 𝑛𝑜𝑑𝑒𝑣𝑖𝑠𝑖𝑡𝑒𝑑𝑑
𝑠  

The hop count is a summing up of each node that 

visited during the pathfinding between the source and 

the destination. 

3.2. Band Width 

Bandwidth is the next significant metric in QoS. It is a 

concave metric that has been estimated by taking a 

minimal bandwidth available between links from 

source to sink. Minimum bandwidth helps to reduce 

congestion. 

BW (route (s, d))= min   {bandwidth(n)} 𝑛∈𝑝(𝑠, 𝑑) 

3.3. MANET Model 

Figure 1 shows a joined directionless MANET graph 

G= (V, E) comprising n nodes. In that v denotes the 

nodes vi ϵ V here i=0, 1, 2...n-1 and E is an associated 

path between the nodes 

 

Figure 1. Network model. 

3.4. Residual Life Time of Node  

The node's remaining energy calls a residual lifetime. 

It is the power used through the node for sending and 

receiving the data throughout the communication. 

Er(V) is the existing node energy (v). The power 

needed to transport the data between node a and b, in 

that 𝑐(𝑎, 𝑏)𝜖𝑉. Let P(vi...n) be the energy cost of the 

path, in an idle scenario is  

𝐸𝑐(𝑃(𝑣𝑖…𝑛)) 

that is determined 

𝐸𝑐(𝑃(𝑣𝑖…𝑛)) = 𝑐(𝑣0, 𝑣1) + 𝑐(𝑣1, 𝑣2) + ⋯ + 𝑐(𝑣𝑛−1, 𝑣𝑛2)  

𝐸𝑐(𝑃(𝑣𝑖…𝑛)) = ∑ 𝑐(𝑣𝑖 , 𝑣𝑖−1)

𝑛−1

𝑖=0

 

 

Remaining power path, r(P(v0,vn) described as 

𝑟(𝑃(𝑣0, 𝑣𝑛) = min(𝐸𝑟(𝑣𝑖) − 𝑐(𝑣𝑖 , 𝑣𝑖+1)) 0 ≤ 𝑖 ≤ 𝑘 

The power of a node determined by 

𝐸𝑖(𝑡) = 𝐸𝑖 (𝑡) − 𝑐(𝑣𝑖, 𝑣𝑖+1) 

The remaining life of node i as 

𝑅𝑖𝑡 = 𝐸𝑖/𝑟𝑗 

ri describe the power dissipation of the node per unit 

time. 

3.5. Link Stability 

Link durability among the nodes needs an action 

parameter and open space propagation. The pair of 

nodes remains in the same communication area, let (x1, 

y1) and (x2, y2) discuss the node position. v1 and v2 

designate the node speed by the direction of θ1 and θ2. 

Link durability is measured by 
 

LS= (−(𝑚𝑛 + 𝑐𝑑) + √(𝑚2 + 𝑐2)𝑟2 − (𝑚𝑑 − 𝑐𝑛)2)/𝑚2 + 𝑐2 
 

Where 𝑚 = 𝑣1 cos 𝜃1 −  𝑣2 cos 𝜃2,𝑛 = 𝑥1 − 𝑥2, 𝑐 =
𝑣1 𝑠𝑖𝑛𝜃1 − 𝑣2 𝑠𝑖𝑛𝜃2and ,𝑑 = 𝑦1 − 𝑦2 

4. IEC-BR ACO: Improved Energy 

Efficient Ant Colony Optimization 

Protocol for MANET 

The IEC-BR ACO is a QoS-enabled multipath routing 

protocol constructed by the ant colony. The reactive 

ant agent FANT is used to get the paths to the 

destination the other agent BANT is used to establish 

the return path to the source. The ant uses a pheromone 

table to maintain the paths and their features. A trusted 

neighbor node serves to get the route between the 

source and its destination.  

Both the Next-Hop (NH) and QoS metrics are used 

to compute the trusted neighbors. The remaining 

energy and link durability are applied for the next hop, 

and QoS metrics are measured in the network. The 

node measured value is greater than the threshold value 

then it is a trusted neighbor. The source node uses the 

FANT packet to search the path to the destination 

through a trusted neighbor to control the routing 

overhead in the network. 

The FANT packet keeps the path information in the 

path field for avoiding a loop in the middle node. The 

middle node receives the FANT packet and examines 

its presents in the path field. If path field contains its 

address, the FANT packet is discarded otherwise it 

appends in the path field and broadcast to the trusted 

neighbors. In the route search process, the FANT 

obtains hop count and bandwidth. Figure 2 denotes the 

FANT packet structure. 

The destination calculates the path preference after 

arriving the FANT packets. The path preference uses 

the QoS metrics that compare with threshold values, if 

it satisfied then BANT produces. Figure 3 shows the 

BANT packet structure. The destination node 

unicast the BANT packet to reach the origin node by 

applying path fields stack knowledge. 

 
 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 
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S.A D.A Seq.No BW HC 
Time 
Stamp 

Path  

Figure 2. FANT structure. 

The intermittent node receives a BANT packet by 

using the path field during the traverse of BANT 

packet towards origin. The origin node gets many 

BANT packet that has created at the initial. To select 

the optimal path from multiple routes, source uses a 

high pheromone value link.  
 

D.A Actual S.A 
Time 
Stamp 

Path preference 

Figure 3. BANT structure. 

The link pheromone value is decayed if the data not 

transferred in a specified time period α from the source 

to its destination. The decayed element 𝜎is described 

as:  

α𝑠,𝑑 = {

(1 − 𝜎),   𝑖𝑓(1 − 𝜎) ≤ 1

1,               𝑖𝑓(1 − 𝜎)  ≥ 1
0.1,                   𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

The neighbor association between the nodes is 

managed by using a hello message. Node announcing 

hello messages to its neighbor and assigned pheromone 

value as 0.1 to that link. Assigned pheromone value as 

zero for the link If the node is not having any neighbor 

that updated it in the pheromone table. The node keeps 

the neighbor relation only if the node is available. The 

node unavailable occurred due to the movement or 

remaining power of the node. 

4.1. Path Preservation 

The pheromone value helps to select an optimal path 

from multiple paths in the network. The higher 

pheromone value link is the aspired path for sending 

data. The node in the decided route is overloaded due 

to the reliable and better power that creates a delivery 

delay, decreases bandwidth, and deficiency of energy. 

Overloaded route NH is refreshed in the pheromone 

record and chooses the secondary next hop of a 

pheromone table for reliable delivery from source to 

destination. 

5. IEC–BR ACO 

IEC-BR ACO is an improved energy-efficient backup 

route ant colony optimization algorithm introduced to 

minimize the energy usage in the nodes. The 

pheromone value is used for selecting a path from 

various paths. The same path is frequently used the 

pheromone value of the link is updated and maintain. 

No ants using the link for some time then the 

pheromone begins to evaporate. The source node wants 

to transfer the data to the same destination, the node 

starts searching process that consumes additional node 

energy. The proposed IEC-BR ACO is used to 

minimize the searching process and reduce energy 

consumption by using the backup pheromone table 

value. 

5.1. Measurement of Node Energy 

Consumption in a Model 

Designing an energy efficient protocol is a highly 

important because energy is a limited resource in the 

mobile ad hoc network. The energy consumption of 

such a protocol requires proper modeling. Four energy 

consumption states are in the node like receive, 

transmit, sleep, and idle. The first and second states 

used for receiving and transmitting packets in the 

communication, the sleep is a low power state that 

consumes little power, the node idle state neither 

receives nor transmit. 

Every node spends the energy for processing the 

data from the source to its destination. Intermediate 

nodes are acting as a relay to forward the data between 

nodes. In the network model, the node is competing in 

the communication or not, it may receive the 

information from the adjacent node and processing it. 

That consumes the node energy for further process. 

Figure 1 shows the network model, the node C 

concerned or not in the flow of communication that 

influences by node E. The energy use at node C 

calculated as follows 

𝐸𝐶/𝐸 = α𝑐>0(α𝐶=𝐸𝐸𝑡𝑎𝑐 + α𝐶≠𝐸𝐸𝑟𝑎𝑐) + α𝑒>0(α𝐶=𝐸𝐸𝑡𝑑𝑝 +

α𝐶≠𝐸𝐸𝑟𝑑𝑝)  

Where 

EC/E =energy used at node C due to node E 

Etac=energy used for acknowledgement packet 

transmission 

Etdp= energy used for one data packet transmission 

Erac=energy used for acknowledgement packet 

reception 

Erdp =energy used for one data packet reception 

5.2. Energy Calculation for Transmission and 

Reception  

The energy required to transmit and receive the data 

packets are calculated by 

Default MTU Packet length=1500 bytes 

Default high quality bit rate=250 kbps (20.8 

packets/sec =250000/ 8*1500) 

Default value of IEEE 802.11b DQPSK modulation,  
 

Packet total size = size of (preamble+PLCP header + Media Access Control 

header+Internet Protocol header +data)=(144 + 48 + 28x8 + 20x8 + 
1500x8)  

The single packet transmission time is 1.143 ms 

The energy required to transmit and receive for 

Acknowledgement packet is 

Packet size=14 bytes 

Bit rate=250kbps 

Packet total size = size of (preamble + PLCP header + ACK)  

ACK packet size=144+48+14x8  

(11) 

(12) 

(13) 

(14) 
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So, the single acknowledgement packet transmission 

time is 0.027 ms 

Energy Calculation 

The transmission power used is 1.3 W, and reception 

power used is 0.9 W [13], then the energy cost for the 

various components is 

Etdp =1.3x1.143x10-3 =1.485 mJ 

Erdp =0.9x1.143x10-3 =1.028 mJ 

Etac =1.3x27 x10-6 =0.035 mJ 

Erac =0.9x27x10-6 =0.243 mJ 

Thus, the energy required to flow the data from one 

node to other is required 1.52 mJ. In the proposed 

technique, the energy required to transfer FANT packet 

is as follows 

Packet size =24 bytes 

Bit rate =250kbps 

Total packet size =size of (preamble + PLCP header + FANT) 

FANT packet size=144+48+24X8 

The single FANT packet transmission time is 0.034 ms 

Etfa =1.3 x 34x10-6 =0.442 mJ  

Erfa =0.9 x 34x10-6 =0.306 mJ 

The total energy required to process single FANT 

packet is 0.748 mJ 

The energy required to transfer the BANT packet is  

Packet size 16 bytes 

Bit rate =250kbps 

Total packet size = size of (preamble +PLCP header + BANT)  

BANT packet size=144+48+16x8 

The single BANT packet transmission time is 0.029 ms 

Ebta =1.3 x 29 x10-6 =0.377 mJ 

Ebra =0.9 x 29 x10-6 =0.261 mJ 

Path with energy consumption from source to 

destination  

Table 2. End-to-end energy consumption. 

Source 

Node 
Destination Node Possible Path 

Energy 

consumed (mJ) 

A H A-B-E-G-H 5.564 

A H A-C-E-G-H 5.564 

A H A-C-F-H 4.178 

A H A-D-F-H 4.178 

The above table shows four different possible paths 

available between the source and its destination with 

total energy consumed by the FANT and BANT 

packets. The energy consumption of the node is 

considering the pathfinding between source and 

destination with no additional constraints. 

Figure 7 shows IEC-BR node energy consumption 

that compare with ACO and IEC-BR. The route fails or 

pheromone evaporated in the path, the ACO seeks a 

new path from the source to its destination. That 

requires energy to process at each node to reach its 

destination. IEC-BR uses a backup pheromone table 

that helps to reuse the same path without spending 

additional energy of 1.443mJ for pathfinding. 

 Scenario 1 

The source node uses the pheromone table to transmit 

the data to its destination. The backup of the 

pheromone table keeps at each node for the reference. 

If the pheromone evaporates, the link information is 

not available, the node checks the backup pheromone 

table for the path to transmit the packet to its 

destination. That saves 4.178 mJ of energy of the entire 

path and each node is saving a minimum of 0.706 mJ 

of energy using IEC-BR algorithm. This helps to 

increase the node lifetime. 

 Scenario 2 

The source node selects the path A-C-F-H for data 

transmission in the network. Due to the dynamic nature 

of the network, node F is not present in the path that 

resultant route breaking. The traditional protocol uses a 

path researching process it consumes energy, but the 

IEC-BR algorithm uses the node C backup pheromone 

table for selecting the alternate path to the destination 

from node C. That saves energy consumption and 

reduces the processing overhead of the node. 

6. Performance Analysis 

The proposed QoS protocol IEC-BR ACO is compared 

with AODV [8] and MOAODV [25] routing protocols. 

The specification shown in Table 2 and QoS metrics 

are used for the simulation. The result is compared 

using the listed parameters between AODV, 

MOAODV and IEC-BR ACO. 

a. Routing overhead.  

b. Packet delivery ratio.  

c. Packet delivery ratio with node. 

Table 3. Simulation environment. 

Parameters Values 

Nodes 50 

Traffic Pattern CBR 

Simulation time 300s 

QoS metric bandwidth, energy, hop count 

Threshold value 

Hop count (max 15) 

Bandwidth (min 3 Mbps) 

Energy (min 30%) 

Figure 4 shows the routing overhead of the network 

it is based on node mobility. In the MANET, nodes are 

freely moved in any direction if node mobility is high, 

the network topology changes are also high. The 

topology changes initiate a route-finding process due 

to the inaccessible path. That leads to increase routing 

overhead in the form of route-finding packets. 

(15) 

(16) 



200                                                         The International Arab Journal of Information Technology, Vol. 19, No. 2, March 2022 

 

Figure 4. Routing overhead. 

The pathfinding uses control packets that is used for 

searching and monitoring a route between nodes, and 

the path between source and the destination. The 

proposed algorithm IEC-BR ACO is periodically 

updating the nodes for maintaining the path that 

causing more packet generation and increases routing 

overhead. Figure 4 shows, IEC-BR is used more 

routing overhead packets comparatively other 

protocols because of the FANT and BANT used in the 

network. The node movement is also increased the 

routing overhead due to the pathfinding. 

The Packet Delivery Ratio (PDR) is another 

significant metric that shows the throughput of the 

network. The network application may need a different 

throughput. Figure 5 shows the packet delivery ratio of 

different protocols. The result exposes, the increasing 

of node speed resultant the decreasing of packet 

delivery. 

 

Figure 5. Packet delivery ratio with mobility. 

A probability of link failure in the network is due to 

node mobility. Increasing node mobility creates link 

failure in the network since the node is away from the 

signal coverage area. It causes packet drops in the 

network. Figure 6 shows the packet delivery ratio is 

decreased with node mobility 

 

Figure 6. Pacsket delivery ratio with node. 

Based on the performance analysis, the QoS 

achievement of IEC-BR ACO is superior compared 

with MOAODV and AODV. 

Energy consumption is another significant QoS 

metrics in the ad hoc network. The node frequently 

moves from one position to another in infrastructure 

less network that often change the topology. 

 

Figure 7. Energy consumption. 

It resultants a frequent route-finding process is 

initiated for forwarding the packet. The Route finding 

uses nodes energy for building the pheromone table in 

the ant colony optimization. 

Figure 7 describes the remaining energy of the node 

with two different techniques. The backup route 

algorithm helps to save the node energy and minimize 

the processing overhead of the node. 

Table 4. Node remaining energy. 

Node IEC-BR ACO (mJ) ACO FANT (mJ) ACO BANT (mJ) 

A 1.6 0.852 0.591 

C 1.4 0.652 0.014 

E 1.9 1.152 0.514 

G 1.7 0.952 0.314 

H 1.6 0.852 0.475 

 

Table 4 shows the energy consumption of 

five different nodes using two techniques. In that IEC-

BR ACO remains with the same node energy when the 

route to the destination is not available. It uses the 

alternate path from the backup pheromone table 

instead of searching the new route. But the tradition ant 

colony optimization starts route searching immediately 

when the path is not available to the destination 

7. Conclusions 

A proposed routing algorithm IEC-BR ACO is taken a 

backup of pheromone table at each node for avoiding a 

node energy usage. The route is not available, the node 

checks the route in a backup table for the destination. 

The simulation result is proved that proposed IEC-BR 

ACO consumes less energy to attains a high packet 

delivery ratio in a dynamic network. IEC-BR ACO is 

used the QoS metrics and stability factor for improving 

the performance. Bandwidth and hop count used as 

QoS metrics to predict the many disjoint paths from 
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source to destination with QoS constraints. Residual 

energy and link stability used as a stability factor to 

predict the next hop from many disjoint paths. It helps 

to increase the network lifetime. ACO is used for path 

optimization during the route discovery. It is proved 

that the IEC-BR is using a lesser node energy 

consumption and increase the lifetime of the node.  
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