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Abstract:
Currently, mobile ad hoc networks (MANETs) can be deployed in 
various scenarios but the presence of varying degree of resources, 
mobility of nodes and the lack of load-balancing capabilities in 
MANETs (Mobile Ad Hoc Networks) poses a hefty challenge for 
such networks to scale and perform efficiently when subjected to 
varying network conditions. Load imbalance is one of the most 
critical issues in these networks and network performance can 
be reached by fairly distributing load among nodes within the 
network. In the present paper, special attention has been given to 
the load balancing and congestion control in network. Here it is 
intended to deliver data packets circumventing congested routes, 
so as to realize a short end to end delay and load balancing of the 
overall network. The various load-balancing schemes discussed 
offer an ability to alleviate congestion by traffic distribution of 
excessive load and to support better performance, taking different 
parameters into consideration. 
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I. Introduction 
Ad hoc networks have gained more attention these last decades, 
with the proliferation of mobile processing platforms and small 
sized wireless equipments. MANETs hold the promise of future, 
with the capability to establish networks at anytime, anywhere 
without assistance of any central authority. All the nodes are 
mobile but possess their own set of capabilities including their 
transmission and computation power, energy resources etc, 
thus offer heterogeneity among nodes. Thus, a mobile ad hoc 
network (MANET) can be defined as an independent distributed 
system where node communicates over relatively bandwidth-
constrained wireless links with other nodes which resides within 
its transmission range. Multi-hoping alleviates the problem of 
limited radio propagation range and thus is an imperative feature 
of mobile networks. Limited security, dynamic topology, variable 
rate and limited bandwidth of connections and power consumption 
are some of the new constraints imposed by ad hoc networks. 
Packet transmissions suffer from interference and fading due to 
the shared wireless channel and dynamic topology. As the demands 
for the support of multimedia communication has been increasing 
recently, bandwidth intensive, large amount of real time traffic 
tends to be in bursts and is liable to congestion [3].

II. Load Balancing and MANETs 
MANETs in its simplest sense, enable one or more mobile/
autonomous entities to communicate with each other without 
the existence of physical connection and any established 
infrastructure. All nodes have to make decisions collectively.  In 
such environments imbalance of load over the nodes can occur. 
The capabilities of a MANET node is a function of its resources 
i.e. processing capacity, battery power etc. A powerful node 

finishes its assigned jobs quickly and becomes idle before a less 
powerful node, assigned with extra work load or occupied most 
of the time, consuming more energy. The flow of data between 
the source and the destination nodes could be speed up if its 
efficiency split on multiple paths between them. Load balancing 
is certainly one of the solutions for improving the efficiency of the 
applications and the life of the network nodes i.e. network lifetime. 
The significance of an efficient load balancing technique is to 
minimize the difference between the overloaded and underloaded 
nodes in terms of their workload, keeping various other parameters 
in consideration. As these parameters changes in terms of number 
of nodes, node mobility, heterogeneity, MAC overhead and so on, 
the process of balancing the network becomes more complicated 
[6]. The existence of heavily loaded and lightly loaded nodes in 
the network is not desirable as it could reflect on the network 
performance just as much as other drawbacks such as congestion 
would do on the network traffic. If the routes having less bandwidth 
are least occupied and the paths having more bandwidth receives 
more packets then the end to end delay and the stability of the 
network can be improved. Imbalance of load in mobile networks 
results in end to end delay, packet dropping, imbalanced energy 
consumption and inefficiency.  MANET has a dynamic network 
topology, and constraint resources, such as bandwidth, buffer space, 
battery and transmission power and so on. Distributing traffic fairly 
among the mobile hosts, based on measurement of path statistics, 
is beneficial in order to take full advantage of the limited resources 
and to use network resources better so that the congestion and end-
to-end delay are minimized. Load balancing schemes distribute 
the network loads, which can prevent network from getting into 
the state of congestion, and avoid the resources of congested 
node to be exhausted. The routing algorithms in MANET that 
choose the shortest route to build up the communication path 
may incur traffic imbalanced problems in the network. Those 
routing algorithm cannot fully exploit system capabilities and thus 
aren’t worth. Multi-path routing can offer higher bandwidth and 
improved packet delivery ratio for multimedia applications than 
traditional shortest path routing protocols as multi-path routing 
protocols try to use multiple concurrent paths to transfer data. 
While it might increase the bandwidth and the delivery ratio, it 
also distributes the traffic load either uniformly or non-uniformly 
over the network links so as to avoid excessive load. Because 
of the interference with traffic along the multiple paths, the 
advantage of multi-path routing in MANETs is not obvious. The 
effect of the route coupling in this environment can severely 
limit the gain offered by multipath routing strategies. During data 
communication the interference between two or more multiple 
paths located physically close enough to interfere with each other, 
refers to route coupling [7].

III. Purpose of Load-Balancing Schemes and Classification 
of Load-Balancing Protocols

The overall purpose of various load-balancing schemes is to: 
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• Select non-congested paths or to disseminate excessive load 
of a node to its neighbors

• Balances energy consumption of the network
• Ensure efficiency and robustness
• Reduce end to end delay and number of packet lost by queue 

overflow
• Enhance the utilization of resources (buffer, radio channel)
• Improve the overall network performance and reduce collision 

by load distribution.

The previous work in this area has been done by classifying the 
load balancing routing protocol in two types, i.e. traffic oriented 
and delay oriented. Protocols like Dynamic Load Aware Routing 
(DLAR) and Load Balanced Ad Hoc Routing (LBAR), tries to 
balance the load of the network by distributing the traffic load 
among nodes, thus comes under the category of traffic-oriented 
protocols. Thus, traffic oriented protocols distributes and perform 
mapping of tasks to a computational resource in the way that 
balances the load and, is a computing level mechanism. It aims to 
reduce the total processing time and improve the node utilization. 
Delay Oriented Shortest Path Routing (DOSPR) is a delay oriented 
protocol, which instead of distributing the traffic, tries to avoid 
the selection of congested nodes as the intermediate nodes of a 
route. The load of a route can be signified as the summation of the 
load of nodes on the route. Delay oriented protocols, unlike traffic 
oriented protocols; constructs alternate routes and implement 
policies for traffic distribution among these multiple routes.  Thus, 
is categorized as a communication level mechanism to balance the 
load. The selection of congested nodes can be avoided by using a 
metric incorporating MAC overhead, buffer delay and data rate 
to combat congestion and thus to guarantee a robust and adaptive 
to congestion, network [1].

IV. Load Balance Schemes: A Solution for Improving the 
Network Performance

A. Distributed Load Balancing Scheme: 
This approach of balancing of load is implemented with each node 
collects the information about the current load of other nodes 
by a repetitive query messaging and then computes the average 
system load, µ. 
Where, .  
Load at a node v is denoted by lv and N is the no. of nodes. A 
node is said to be underloaded if the load at the node is less than 
the average system load, overloaded otherwise. Then it starts 
screening its immediate (1-hop) neighbors to distribute the load. 
As an enhancement to this approach, to describe whether the 
node is heavily weighted or lightly weighted, a threshold upon 
the node’s queue can be applied, which can be determined by 
calculating the average system load. Thus, this approach will not 
lead to frequent exchange of query messages. It is not desirable 
to share a small chunk of load with a node that is several hops 
away. Average system load changes frequently due to the dynamic 
environment. Thus, µ varies rapidly, which increases the rate of 
query message exchange among the mobile nodes. Nodes compute 
the average load after a predefined time interval and set their 
thresholds for processor queues [3].

B. Load Balancing in Clusters:
The two parameters which can be used to balance the load in 
clusters by delegating the role of clusterhead among normal 
nodes are Node ID and Node Degree. These different approaches 
assign the responsibility of being a cluster head among different 

nodes in the cluster thus distributes the load so as to avoid the 
demise of overloaded nodes. Node ID load balancing heuristic 
operates on the principal of a circular queue as the virtual IDs of 
the member nodes cycles through the circular queue at a rate of 
1 unit per run. The minimum value of 1 and a maximum value 
of MAX_VAL are assigned to the circular queue. Once a node is 
elected as a cluster head, its VID is promoted to a value larger than 
MAX_VAL. A cluster head will maintain this value until it has 
exhausted its cluster head duration budget, which is a user defined 
constraint and meet the unique characteristics of the system, i.e., 
the battery life of individual nodes. Degree based heuristic elects 
cluster head with a different policy than Max-Min heuristics. The 
node degree heuristic monitors the difference in the degree of an 
elected cluster head from the time it is elected a cluster head. If 
the amount of change exceeds an input value MAX_CHANGE, 
then the cluster head will be demoted as a normal member node. 
One of the requisites for these schemes to work efficiently is to 
cope well with flexible topology. The mobile nature of the node 
causes the node to move frequently, results in unpredictable cluster 
head changes, where node can be detached from a cluster and 
induces re-affiliations. Thus, as an enhancement to the above 
schemes, we may consider another parameter i.e. mobility value 
of a node for the selection of clusterhead, which can be determined 
by computing the speed average of a mobile node or through 
random way point model. This eliminates the need of insignificant 
updates [5].

C. An approach based on Clustering
The purpose of this approach is to find the most suitable nodes to 
share the load for avoiding, or at least reducing imbalances with a 
minimum or engendered overhead. The algorithm is invoked each 
time that the imbalance occurs by respecting a load threshold. The 
parameter for performance evaluation is in terms of work execution 
time and node’s energy consumption. A node with high energy and 
low mobility will be selected as the cluster head. Mobility is the 
measure of a node’s speed average. The load balancing algorithm 
here is a centralized algorithm since the global members load 
information of each cluster is collected by their cluster heads, 
which ensures load balance between its members. The cluster 
formation begins with finding the neighbors of each node where 
the distance between a node and its neighbor will be less than or 
equals to the transmission range of the particular node. Select the 
node which has the smallest value of mobility and the highest 
value of battery power as a cluster head and designate all its 
neighbors as its members. After reaching a minimum threshold of 
energy, cluster head again invokes the election procedure. When 
the network is set up each node sends a HELLO message to diffuse 
its ID, which is recorded by all of its neighbor nodes. As the load 
balancing algorithm is implemented at the level of each cluster, 
the maintenance of load balancing in each cluster is the principal 
role of a cluster head. It collects   information about each member 
node such as energy and load values periodically. 
Two thresholds, for the maximum load that a node is able to carry 
and the minimum energy, are defined for each node. If a node 
detects any or both the thresholds to be reached then it generates a 
Discharge Request for the respective clusterhead, which consults 
its member table to find a node with highest energy and smallest 
load. If a node is found, send a response message to the requesting 
node indicating the address of the new node that will receive the 
extra load. The requesting node will select a new node on the 
basis of its distance from it, if a cluster head send more than one 
addresses (multiple nodes qualifies the selection criteria). The 
transfer of load over a smaller distance will incur lower transfer 
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cost than transfer over longer paths. When an overloaded node 
transfers its load to other new nodes frequently, then it will spend 
more time on sending of load than on its processing. This can be 
minimized by changing the route or excluding that congested 
node from the route to avoid thrashing activity [1].

D. Ant-Based Load Balancing Scheme
This scheme uses an ant-based algorithm for efficient data transfer 
in the network. The basic idea of Ant Colony Optimization 
(ACO) meta-heuristic generated from the food searching 
behavior of real ants. Ant agents can be divided as Forward Ant 
(FANTs) and Backward Ant (BANTs). BANTs utilize the useful 
information gathered by FANTs on their trip time from source 
to destination. 

Various fields of FANT:

Various fields of Congestion Update Message:

Stack is the memory area in which data gathered by FANTs is 
stored. Stack pointer keeps track of no. of visited nodes. The 
field Fwd is a 1 bit field and set to 1 when ant is FANT and 0 for 
BANT. The congestion update message as an enhancement detects 
the load imbalance at a node and is send by the destination to the 
source after receiving a data packet. The message informs the 
source of the congestion at that route. The value will be set to 1 
if the route is overloaded, for an underloaded route value will be 
-1 and 0 as a normal value. The pheromone value will be reduced 
with a certain value if the path is overloaded; on the contrary it 
is increased if it is underloaded. For a normal/balanced route the 
pheromone will evaporate as per the evaporation equation. Thus 
the congestion on a certain path can be avoided if multiple paths 
are followed with equal probability. This approach does not offer 
optimal paths to the destination but avoids congestion and reduces 
the chances of load imbalance by distributing traffic [7].

E. Multi-agent Load Balancing Scheme
The proposed algorithm Multi-agent load balanced ACO 
(MALBACO) presents a new routing technique having two 
colonies of ants. Initially the ants are initialized as arrays [000…
.0] and [111….1]. A LOCK array is used to check the available 
links and initialized as [000…….0]. A HELLO message is sent 
by the source node after every fixed time interval. A cost table is 
maintained which consists of the cost of reaching nodes in the next 
hop. Cost is measured in terms of the time required for sending 
the HELLO message and receiving an ACK message. LOCK[m]
[n] is used for congestion control in the system. If LOCK[i][j]=1 
means lock is acquired and the path from i to j has pheromone value 
which has exceeded the Maxpheromone value. Set the maxphr(t) 
is equals to the sum of the maximum red pheromone and the 
maximum blue pheromone value at that path. The pheromone 
updating and evaporation on a path between nodes depends on the 
cost of data transmission through that path. Initially it is estimated 
by sending a HELLO message and corresponding ACK message 
and measuring the time delay between the sending and receiving 

of these messages. After the selection of the route to forward 
data across it, the cost table will be updated according to the 
cost information in the data packet and the acknowledgement of 
the data packet. This prevents the need of periodically sending 
HELLO and ACK messages [4].

F. Energy –Aware Clustering Algorithm
 This algorithm takes four factors into consideration for making 
the selection of clusterhead and maintenance of cluster more 
reasonable. These are node degree difference, distance summation 
to its neighboring nodes, battery power and velocity of node. Here, 
nodes having neighbor number greater than a fixed threshold will 
be given a chance to select as a clusterhead. If Ni is the practical 
degree of a node i and M is the maximum degree, then ∆i  = │Ni 
– M│. Smaller values of ∆i  are preferred. 

Algorithm Steps
1. We compute the weight Wi on the basis of the above 

parameters and this computed value determines whether a 
node will act as a clusterhead or as a normal node.

2. Compute ∆i , which determines the practical degree of a 
node i. As ∆i  = │Ni – M│, where Ni is the current degree 
and M is the maximum degree of the node.

3. The distance summation, represented as Di for ith node 
determines the distance of the given node from its neighbor 
nodes. Compute the distance summation, the smaller the 
value of Di , less power will be consumed to communicate 
with the normal nodes, thus the cost will be smaller. 

4. According to the random waypoint mobility model, set the 
velocity Vi  of a node. 

5. The energy parameter Ei  is set to zero initially i.e. the 
maximum energy level of a node, increase the value according 
to the energy consuming model. Algorithm terminates when 
some Ei reaches a value above 1.

6. The parameters computed above will determine the value of 
Wi . Calculate Wi . 

7. Select the node with minimum Wi  as the first clusterhead 
and choose nodes with next less values of  Wi as its member 
nodes, keeping optimal node degree into consideration. This 
supports the formation of an optimal cluster. This process 
continues until all nodes act as either clusterhead or normal 
nodes.

8. To facilitate the communication between two clusters, select 
a node having compatibility with both the clusters in terms 
of its Wi value, as a gateway node.

9. After some unit of time all the nodes move randomly and 
algorithm repeats from step 1 again. Terminates, until a 
maximum no. of time is reached or some node’s Ei exceeds 
1 [9].

G. Load-Balancing Scheme for supporting QoS in 
MANETs
Whenever the offered traffic load exceeds the available capacity 
in a network, can leads to the problem of congestion and causes 
overall channel quality to degrade and increases packet loss rates. In 
the load-balancing algorithm given below, the messages used are: 
QUEUE_INFO, REPLY and INFORM. When a node receives data 
packet, it broadcasts a QUEUE_INFO message to its neighbors if 
this node is congested, node 6 here (in fig.1). All its neighbor nodes, 
after receiving the message send a REPLY message only if they 
have the available buffer space. The congested node chooses the 
one within the transmission range of the sender node, and having 
least load among all, node 7 (in fig.1) and preserve the rest of the 
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information for further assistance for a particular time period and 
send INFORM message to the sender node, 4 to inform the address 
of the selected node, node 7. The new route will be constructed, 
excluding the congested node as shown in fig.2 [6].

Fig.1 : Exchange of messages when congestion occurs.      

Fig. 2 : Route through less congested node.

V. Conclusion
In this paper, we described various efficient and improved load-
balancing mechanisms for mobile ad hoc networks. The basic 
goal is to attain a balanced network to achieve better performance 
in terms of the processing time of the loads, nodes’ stability, 
throughput and lifetime of the network. Load-balancing is an 
essential solution to improve the execution time of tasks and better 
management of energy by eliminating or at least reducing load 
imbalances. This paper also presented some of the load-balancing 
schemes which perform fairly well in controlling congestion 
and efficient optimization techniques used to find the optimum 
route in the ad hoc network. The central idea is to exhibit better 
performance in both static and dynamic situations.
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