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Abstract 

The routing in MANET is not easy to maintain strong link in between sender to receiver. The availability bandwidth in MANET is 

fixed, that is creating the problem of link blockage and the load is enhancing rapidly on the link. In MANET if the congestion 

occurs, then the performance of network is gradually decreased according to time. No supervision is possible to watch the 

network activities to handle the occurrence of traffic jamming due to the identified overloading in dynamic network at the time of 

routing. In this research we proposed the ACO based multipath congestion control technique by varying the queue according to 

load in dynamic network. The AOMDV also balances the load by providing alternative path but not proficient at every condition. 

The AOMDV provides the multiple path  for data sending. In proposed scheme, multiple path section is based on the pheromone 

value not on the basis of shortest route and the possible queue variation is handled by the data packets that cross the decided 

queue limit. The queue is incremented and the storing and forwarding capability of nodes is also enhanced. The proposed load 

balancing scheme efficiently handles the load on the network. If the node being a part of communication is moved out of range 

then the AOMDV reduces the overhead reestablishment of connection in between sender and receiver. The proposed scheme 

improves the routing by pheromone based selection route.  The comparison of result of normal AOMDV and proposed ACO 

based route selection with varying queue is measured through performance metrics.  

Keyword: - MANET, AOMDV, ACO, Routing, Load balancing, queue, Congestion.  

 

1. INTRODUCTION 

Mobile ad hoc Network (MANET) is a network consisting 

of wireless mobile nodes or sensors that communicate with one 

another in the case of  lack of centralized organization or 

established infrastructure. Among the distinctive options of 

MANET is that every node must be able to act as a router to 

search out the finest path to forward a packet [1]. As nodes are 

also mobile, getting into and going away from the network, the 

topology of the network is modified continuously every time. 

MANET provides a rising technology for civilian and military 

applications since the standard of the communication is 

wireless with restricted bandwidth availability. In a MANET, 

no such infrastructure exists and also the topology might 

dynamically amend in an unplanned manner since nodes are 

unengaged to move in very encompassing areas. In a MANET, 

every node has a locality of management. This is often the 

realm over that its transmissions can be heard by different 

nodes and it can hear other transmission. Network resource 

utilization is also a very important analysis for improving 

routing performance. In disparity to wired networks, MANET 

consists of nodes that have restricted power and restricted 

bandwidth. The special characteristics of MANET nodes cause 

divergence of potency and fairness in routing optimization. 

Most of the time, these two objectives can't be at achieved the 

same time. Potency focuses on delivery of packages using the 

fastest and shortest path, whereas fairness tries to distribute the 

traffic uniformly across the MANET. Plenty of packets are 

dropped at the same time as excessive quantity of packets 

make a network obstacle. The packets dropped would have 

voyaged great distance and in accumulation, the lost packets 

frequently activate the possibility of retransmission. A stream 

of packet start arriving from multiple sources and every one 

would like the same output line. During this case, a queue is 

designed up. If there's scant memory to carry all the packets, 

the packets are lost. Increasing the memory or buffer size of 

nodes to unlimited size does nott solve the matter. This is often 

as a result of the fact that, by the time packets reach front of the 

queue, they need to be already out (as they waited in the 

queue). Once timer cracks supply transmits duplicate packet 

that also are overlay to the queue. Therefore same packets are 

overlain more and more, increasing the load in network which 

is also the main reason of congestion in network. This 

intimates that even additional packets are sent into the network. 

And so, network throughput is still more deteriorated by the 

network congestion.  

There are possibilities of congestion crumple wherever 

almost no data is delivered with success if no appropriate 

congestion control is performed [2]. The data evaluation of the 

links between the nodes is not possible to reinforce due to 

serious traffic in the network. The proper load balancing 

system is needed to balance the traffic load of dynamic 

network by distributing it or improves the process capability of 

mobile nodes by making  sure the senders to impede their 
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traffic rate. The protocol ensures that the obtainable bandwidth 

within the network is utilized expeditiously by distributing 

traffic equally that ensures higher load equalization and 

congestion management [3].  

The routing in MANET is containing different routing 

protocols as compared to wired and wireless network.  The 

classification of routing is based on table driven, on demand 

and hybrid routing protocols [4]. The routing protocols then are 

classified on single path and multipath routing protocol [5].  

Ad hoc On demand Multipath Distance Vector (AOMDV) 

[5] selects a path with a lower hop count and discards routes 

with higher hop count. The new theme is applied in most on 

demand routing protocols. During this analysis we tend to use 

AOMDV protocol with balance queue level of nodes for up the 

storing and forwarding capability of mobile nodes in dynamic 

network. The proposed approach reduces the loss from 

congestion however not completely removes in network and 

also the AOMDV provides the alternative path if the link 

breaks due to higher mobility etc. 

The ACO (Ant Colony Optimization) [6] is the method to 

select the multiple path on the basis of pheromone value. In the 

ACO the ant reaches the destination and it injects the 

pheromone in path. The number of ants is following the same 

path as the path decided by leading ants. If many of the ants are 

chasing  the same paths then the pheromone value on that path 

are increased and this path is selected for reaching to 

destination. The number of ants also uses another path for 

reaching the same destination but on that path the pheromone 

value is less. In ACO method the multipath is selected but on 

the basis of pheromone value. The ACO is one of the better 

technique to establish multiple path. 

2. LITERATURE SURVEY 

Saleh A. Alghamdi [7] proposed “Load leveling ad hoc on-

demand multipath distance vector (LBAOMDV) routing 

protocol” this paper primarily concentrates on effectively 

leveling the data load among the discovered multipath so as to 

maintain nodes resources and scale back the traffic to avoid 

creating traffic load or bottlenecks. The contribution of this 

work is that the introduction of the load leveling ad hoc on-

demand multipath distance vector (LBAOMDV) protocol, an 

adaptation of AOMDV, an ad hoc on-demand multipath 

distance vector protocol. The adaption is finished so as to 

improve the responsibilities of the given network by 

considering the parameter of path weight (energy) of the entire 

offered multiple methods. The LBAOMDV regulates the 

honest usage of each node energy and offered bandwidth by 

exploiting the supply of multiple methods for information 

transfer. The uniform distribution of knowledge across multiple 

methods enhances the standard of service of the given network 

by ensuring fair usage of  network bandwidth and node energy. 

The LBAOMDV protocol ensures reduced node breakdowns, 

therefore enhancing the responsibility of the given MANET. 

Chintan Kanani, Amit Sinhal [8] studied “Ant Colony 

optimization primarily based on modified AOMDV for 

Multipath Routing in MANET” in this title, modified Ad hoc 

on demand multipath distance vector (AOMDV) is used for 

multipath routing victimization Any colony for mobile ad hoc 

networks (MANETs) is bestowed. For this purpose, Ant-

AODV is used for comparison with Ant-AOMDV. the thought 

behind the working of Ant-AODV and Ant-AOMDV is that 

the RREQ message packets area unit sent to single path just in 

case} of Ant-AODV { is primarily based  routing and to 

multiple methods in case of Ant-AOMDV based routing. 

RREQ message packets may be termed as secretion in terms of 

ordinary rule of ACO utilized by the ants. Selecting the 

transmission path dynamically through regular change of 

pheromone of transmission path enhances  routing 

performance. Simulation results show that Ant-AOMDV rule 

outperforms Ant-AODV effectively in terms of packet delivery 

fraction, traditional routing load and packet drop compared 

with AODV and AOMDV. The main goal is to reduce the 

routing overhead, congestion and increase the performance.  

E. Selvi M. S, and Shashidara [9] adopted  “an economical 

routing optimisation using secure reverse Multicast attendant 

ford ad-hoc routing using AOMDV protocol in MANET”. In 

this title they introduce a unique multiple constraints QoS 

multicast routing optimization rule in MANET referred to as 

SRMBAR (Secure Reverse Multicast bellman Ford Ad-hoc 

Routing) that guarantee QoS guarantee by permitting reverse 

multicast routing on possible multiple paths between source 

and destination and helps in decreasing the routing overhead 

through Routing Interference Communication (RIC) 

framework. The proposed SRMBAR can improve 

responsibility of data transmission and optimize the most link 

utilization that achieves data integrity then scale back the 

consumption of time and also the transmission delay. 

Experimental results show that the reverse multicasting 

approach is efficient in comparison with existing bellman Ford 

algorithmic rule, has promising performance in multicast traffic 

engineering and for evaluating the route stability in dynamic 

mobile networks. 

Manjinder Kaur, Dr. Vinay Chopra, [10 studied 

]“Implementation of Rank primarily based ACO approach with 

Load leveling in ad hoc Network for Multipath Routing 

Mechanism “in this title Ad-Hoc wireless networks are a unit 

self-organizing multi-hop wireless networks. Mobile ad hoc 

networks have some challenges just like the design of an 

efficient routing protocol. The multipath routing protocol with 

load leveling provides an answer for the congestion network. 

ad hoc networks are setup as needed since they do not depend 

upon the infrastructure. Ad hoc networks are self–organizing 

multi hop wireless with low value. To consider the utilization 

of multiple methods at the same time for transmission data, 

permits to improve the network performance, we tend to 

propose a protocol LB-AOMDV (Load Balancing- AOMDV), 

a solution to attain higher load balancing mechanism and 

conjointly apply the ant Colony optimization technique to the 

routing drawback, at the moment we tend to apply a extension 

of ACO that's hierarchical based ACO approach. we tend to 

consult with the new modified protocol because the LB-

AOMDV Rank primarily based ant Colony optimization rule 

.The main goal within the style of the protocol was to scale 

back the routing overhead, response time, end-to-end delay and 

increase the performance. 

Aws Kanan, Taisir Eldos, Mohammed Al-Kahtani [11] 

studied “Mobile ad hoc Networks Routing using ant Colony 

Optimization” In this title, we tend to apply the ant Colony 

organic process optimization technique to the routing 

drawback, wherever a lot of of these fascinating characteristics 

may be tacit within the radio-controlled probabilistic selection 

of methods. Simulations of a routing supported the biological 
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system cited as ant Colony optimization (ACO) area unit 

conducted, taking into account many factors to research its 

adaptive nature. 

Amanpreet Kaur, Gurpreet Singh [12] presented “ACO 

Agent based Routing in AOMDV Environment” in this title, 

they tend to try to add ant’s agents into AOMDV behavior. In 

this method, the new protocol are benefited by the twin 

properties i.e. of ant’s nature and multipath nature of AOMDV. 

The changed construct is simulated and also the outcomes are 

compared with AOMDV, AODV and DSR routing protocols 

for few performance parameters. 

S. Kanimozhi Suguna, Dr.S.Uma Maheswari [13] 

“Comparative Analysis of Bee-Ant Colony Optimized Routing 

(BACOR) with Existing Routing Protocols for ascendible 

Mobile ad hoc Networks (MANETs) supported Pause Time” 

This title supported swarm intelligence as a new approach for 

associate in Nursing on demand ad-hoc routing rule is 

proposed. The foraging behavior of ant colony optimization 

and Bee colony optimization, that are the set of swarm 

intelligence and considering the power of simple ants to 

unravel complicated issues by cooperation. Many algorithms 

that are supported ant colony problems were introduced within 

the literatures to resolve totally different problems, e.g., 

optimisation issues. The proposed rule is compared and proved 

by results that the approach has the potential to become an 

acceptable routing ways for mobile ad-hoc networks. 

Yuhui Deng, Lin Cui, Deng Deng Liu [14]“Ant colony-

based energy management routing protocol for mobile ad hoc 

networks underneath totally different node quality models” in 

this work, we tend to propose the ant colony-based energy 

management routing (ACECR) protocol to search out an best 

route by victimization the feedback character of ant colony 

optimization (ACO). In our ACECR protocol, the routing 

selection depends on not only the quantity of hops between 

nodes and also the node energy, however also the common and 

also the minimum energy of the routes. The performance of our 

ACECR routing protocols is evaluated in numerous mobility 

models. Additionally, we tend to do extensive simulations to 

check the movement characteristics of various quality models 

and their result on routing protocols. Simulation results show 

that ACECR has a higher performance in balanced energy 

consumption and a extended network period compared with 

existing protocols. 

M.Manjunath,  D.H. Manjaiah [15] “Comparative Study of 

AODV, SAODV,DSDV and AOMDV Routing Protocols in 

MANET using NS2” in this title analysis the performance of 

routing protocols (AODV,SAODV, DSDV and AOMDV) {for 

totally different for various scenarios victimization Network 

simulator – 2 and provides the comparisons with different 

network parameter (Packet Delivery Fraction, finish to end 

Delay, Throughput, Overhead and Energy) between them. 

3. PROPOSED CONGESTION CONTROL ACO     

MULTIPATH ROUTING 

Congestion problem is big challenge in any network. 

Congestion arises while any network connection not handles 

the data traffic in proper manner or multiple nodes are 

simultaneously demand the channel out of limited channel. In 

the survey part we study number of existing work in the field 

of congestion aware or congestion control with different 

technique those work to encourage and gives the direction 

towards how to  be aware and control the congestion with the 

help of AOMDV routing modification and Ant optimization. 

AOMDV (ad-hoc on demand multipath distance vector 

routing) are useful for load balancing using three best shortest 

paths (distance or delay) based routing. But under the mobility 

environment AOMDV gives more overhead. So here we 

proposed the modified AOMDV routing and search the three 

best routes from source to destination based on speed/mobility 

and minimum delay i.e while any sender initiate the routing 

search packet and broadcast it. So select the intermediate 

connector node based on comparison of its speed and delay 

with other communicator node. While intermediate node speed 

is lower and delay between two nodes is lower then we select 

lower speed and delayed nodes as intermediate and form the 

link. That procedure recursively call until destination not 

found. After the execution of modified AOMDV we select 

three best routes. 

The second phase Ant colony optimization is used to  check 

reliability based on pheromone values. Ant colony technique 

are useful for reliable communication, it’s also aware about 

link capacity as well as node capacity using number of Ant that 

travels through particular path and get pheromone value, those 

values useful for identifying dynamic path reliability and from  

that we enhance the network performance in terms of packet 

delivery ratio and minimized the congestion.    

a. Informal description of Algorithms 

In this section we describe the proposed algorithm and how 

those algorithms work, initially define the network parameter 

those are minimum needed and broadcast search the routing 

packet AOMDV and get the three best path based on lower 

speed and delay factor.  

While the route is established then apply Ant algorithm for 

optimization the routing. That optimization work through 

testing data travels from source to destination using best route 

selected by AOMDV and get the packet delivery ratio of all 

paths. The packet delivery ratio is useful for reliability 

identification of any path. Another value is pheromone values 

of each link that calculate through the number of routing 

packets deliver by link out of total number of routing packets 

spread over the network, multiple by hundred. After the 

retrieval of pheromone values, its uses for the calculation of 

reliability of nodes and based on that we sends data from every 

selected link so in future congestion are not arises in the 

network.           

Algorithm 1: Multipath Routing Strategy 

Parameter 

N: mobile nodes 

S: sender node 

R: receiver node      

 1 IK :Intermediate nodes 

Speed: node speed 

β= delay 

Ψ= radio range 

AOMDV: routing 

If S search R then 

 AOMDV-Bcast(S,R, Ψ) 

 If (Ψ <=550 && Ii in range) then 

 Ii receive route packet 

  If (Ii != R) then 

  Ii-rtable  update-route 
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  Ii_brodcast  route packet to next hop 

If (Ii == R && paths>1) then 

 compare(pathi, pathj) 

   if (lspeed_i <  lspeed_j  && β i < β j) 

   then 

   select(pathi) 

   else  

   select(pathj) 

   end if 

  end if 

  end if 

 end if 

end if 

Algorithm 2: Optimized Ant routing and Congestion 

Control 

fz = {0.0,0.1,0.2,……..1.0} 

Ψ= radio range 

0hp Pheromone value  

1IK Intermediate nodes  

λ: pause time in second 

A: total route packets by all links 

la : no of route packets by link 

fn: node fitness  

Rd: reliable data 

  PDR=(Data_Send/Data Receive)*100 

While route-execute(S,R,Ψ) 

do 

 S broadcast route packets 

 R receives route packets && send Ack to S 

While ij in S to R 

do  

 
 if ph == fz then 

 reliable data send by link Rd = fz *100 

 end if 

 end do 

while λ <= 100 

 do 

 check PDR of link 

 if pdr>80 

 then  

 true route 

 else  

 fitness of node update 

 fn = limit of node- utilization 

 end if 

 λ = λ + 100 

end do 

end do 

4. SIMULATION PARAMETERS AND PERFORMANCE 

METRICS 

The performance of proposed ACO-AOMDV protocol is 

simulating by using network simulator 2 (NS2–2.31) [18]. The 

operation system is windows 7. NS-2 is not support windows 

then install 'cygwin' to provide LINUX environment in 

windows. The computer configuration is listed as following: 

CPU: i 1.86G, Memory: 2G, Hard disc: 250G. The simulation 

parameters that are shown in table 1.  

 

 

Table 1 Simulation Parameters 

Simulator Used NS-2.31 

Number of nodes 10, 30, 50 

Dimension of simulated area 800m×800m 

Routing Protocol AOMDV 

Simulation time 100 sec. 

Traffic type  (TCP & UDP) CBR (3pkts/s) 

Packet size 512 bytes 

Number of traffic connections 6 

Node movement  random   

maximum Speed 20 m/s 

Transmission range 250m 

Transmission Energy 1.5 Joules 

Receiving Energy 1.0 Joules 

Sense Power .0175 Joules 

a. Performance metrics 

We use four metrics to evaluate the performance of the 

routing protocols, in which the first two metrics are the most 

important for best effort route and transmit protocols. 

i. Packet delivery ratio: or packet throughput, the fraction of 

the data packets delivered to destination nodes to those sent by 

source nodes. 

ii.  Average end-to-end latency: the average time taken by 

the data packets from sources to destinations, including buffer 

delays during a route discovery, queuing delays at interface 

queues, retransmission delays at MAC layer and propagation 

time. 

iii. Routing packet overhead: the ratio of the number of 

control packets (including route request/reply/update/error 

packets) to the number of data packets. 

iv. Throughput: Number of packets sends or receives in per 

unit of time in network. The simulation results of normal 

multipath routing and proposed routing final routing 

performance with end to end transport layer is discuss in 

next section. 

5. SIMULATION RESULTS 

The simulation results of normal multipath routing and 

proposed routing final routing performance with end to end 

transport layer is discuss in this section. 

b. Normal Routing Load Analysis 

The routing load in network is measure to calculate the 

ratio of data packets receiving with respect to number of 

connection control packets are flooded by sender in network. 

The more quantity of routing packets is the identification of 

suddenly link breakage in dynamic network due congestion 

collision and any other reason. The routing packets flooding of 

normal AOMDV is more than one except only 10 nodes 

scenario packets but the routing packets flooding of proposed 

load balancing technique of control congestion is less than one. 

The receiving of data is more in proposed scheme but normal 

AOMDV is less. The less routing overhead is always shows the 

better result in network. 
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Fig.1 Overhead Analysis 

c. Average End-To-End Delay 

The delay condition is occurring in network due to 

congestion and other drop reason like collision, destination 

unreachable, request time out etc. The main reason is only 

congestion due to which most of the bandwidth is reserved and 

rest of the nodes do not utilize the link capacity. In this graph 

the delay analysis in different node density is evaluated and 

identified that the proposed multipath pheromone based routing 

improves the routing performance and providing the less delay 

in network. When the nodes quantity is enhanced then in that 

case delay in normal routing is also enhanced but in proposed 

scheme the delay is minimized and provides reliable path for 

data delivery. 

      

 
Fig.1 Average end-end Delay 

d. Data Drop by Queue over follow 

The Queue over flow is one of the reasons of data dropping 

in MANET. Due to congestion in network the nodes storing 

and forwarding capacity are affected. The nodes do not forward 

the data to next node on the same rate as they receive data in 

network. The data dropping in network degrades the network 

performance. In this graph the data dropping due to queue 

overflow is more in normal multipath routing. The proposed 

queue enhancement method provides the negligible packet 

dropping due to queue over flow. The queue overflow in 50 

node density is maximum and their quantity is also more than 

700 packets.  

 
Fig.1 Data Dropping Queue Analysis 

e. Data Drop by Congestion 

The congestion possibility is mainly occurring in network if 

the network has bottle neck condition. In wireless dynamic 

network it is not possible to enhance the network bandwidth as 

wired network. But it is possible to control the transmission 

rate, enhance the capacity of nodes that maintain the sequence 

of packets for forwarding to other node or destination in 

network. In this graph the drop due to congestion performance 

of two protocols are measured. The normal routing and 

proposed queue enhancement and pheromone based multipath 

routing. The data dropping in different node density is 

minimum in proposed scheme as compared to normal 

multipath routing.  

 

 
Fig.1 Data Dropping due to Congestion 

 

f. TCP Packet Delivery Ratio Analysis 

Congestion is occurring in network due to high rate of 

transmission by sender and less forwarding capability 

intermediate node or less capacity of receiver. The data 

forwarding and receiving capability of mobiles nodes balance 

the communication. The PDF (Packet Delivery Ratio) 

performance is depending on the percentage of receiving and 

sending. In this graph the PDF performance of normal 
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AOMDV routing is about 94 % but packet receiving and 

sending is less as compared to proposed scheme, means less 

load in network.  The proposed ACO with queue management 

load balancing scheme properly balance the load and improves 

network performance in terms of PDR metrics. The proposed 

PDR performance in 10 node is about 100% but and 

maintained it as minimum 99% in 30 and 50 nodes density.  

 

 
Fig.1 TCP PDR Analysis 

g. UDP Packet Delivery Ratio Analysis 

The TCP and UDP packets PDF are separately measured in 

this analysis because the combination of both always provides 

better results due to presence of reliable TCP protocol in 

MANET. In this graph the UDP PDF performance of normal 

AOMDV routing really provides very shocking results because 

UDP end packets are really more affected from congestion. 

The highest PDF value is only obtained in 30 node densities, 

about 78% but in rest of the performance is about 30% in 10 

nodes and 35% in 50 nodes only. The proposed load balancing 

scheme properly balance the load and improves network 

performance. The performance of UDP protocol is almost 

equivalent to TCP. The proposed scheme provides better 

results and improves network performance.  

 

 

Fig.1 UDP PDR Analysis 

6. CONCLUSION WITH FUTURE EXTENSION 

Mobile Ad hoc Network (MANET) sets up dynamic link in 

between source to destination and these links are changed 

rapidly because of the continuous movements of nodes.  This 

network is infrastructure less that adapt dynamically to 

changing environments. MANET multi-hop wireless 

communication take place over a shared medium but the 

performance of MANET is easily affected through limited 

bandwidth capacity as compare to wired network. The 

congestion situation is blocking the limited bandwidth by that 

the data delivery is affected and delay and overhead is 

gradually enhanced. So, that proficient load balancing scheme 

is required to balance load. The accuracy and the alacrity of 

bandwidth estimation are dependent on many aspects such as 

the stability of network traffic and the length of the path. 

Congestion control involves the design of mechanisms and 

algorithms to statistically limit the demand-capacity mismatch, 

or dynamically control transfer sources while such a disparity 

occurs. The proposed ACO (Ant Colony Optimization) 

pheromone based multipath adjustable queue length based load 

balancing congestion control scheme reduces the delay, 

overhead and packet drop in dynamic Network. To balance 

load the proposed scheme is to maintain good network 

performance. The AOMDV protocol is able to handle load by 

providing alternative path if the already established path is 

congested. The proposed ACO scheme improves the load 

balancing by providing the required queue size to each node in 

network. Due to that the processing capability of nodes are also 

utilized for maximum data forwarding to next neighbour and 

receiving from neighbour or sender. The proposed load 

balancing scheme is much better than normal AOMDV 

protocol. The simulation result of AOMDV and Proposed 

ACO pheromone based congestion control scheme is evaluated 

through performance metrics and the proposed scheme is 

improves the data receiving, throughput and PDF.  

The security is also the one of the major issue in MANET. 

The decentralized network performance is easily affected from 

malicious behaviour of attacker.  In future we proposed 

advance security scheme in MANET that maintain the location 

information without applying any GPS (Global Positioning 

System) and provides the security from attacker. 
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