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ABSTRACT 

The MANET (Mobile Ad-hoc Network) is a self-configured, infrastructure-less collection of 

mobile hosts that forms a temporary network without an aid of centralized administration. Each device in 

a MANET is free to move independently in any direction within a network, and will therefore change its 

links to other nodes more frequently. The primary challenge in building a MANET is equipping each 

device to continuously maintain the information required to properly route traffic. Such networks may 

operate by themselves or may be connected to the larger Internet. The node acts as a host or router that 

transforms information from source to destination. In mobile ad-hoc networks where there is no 

infrastructure support as is the case with wireless networks, and since a destination node might be out of 

range of a source node transmitting packets, efficient routing procedures are required. The procedure of 

routing is to find a path to forward the information from one location to another. In this paper, a brief 

discussion is given for routing and routing protocols along with performance metrics. Also, the analysis 

is being made for broadcasting approaches in mobile ad-hoc infrastructure. 
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INTRODUCTION 

Network can be classified in two types based on the physical connectivity namely wired and 

wireless network.  A wired network relies on physical cables to transfer data. Like wired network, 

wireless network is formed by routers and hosts. These routers are responsible for forwarding packets in 

the network and hosts may be sources or sinks of data flow. The communication between different 

network components can be either wired or wireless in wireless network.  

Based on the mobility of hosts and routers, wireless network can be divided into two types, 

Single-hop and ad-hoc multi-hop. The single-hop networks for communication uses the fixed structure 

and it consists of nodes, base stations and access points. The second type is ad-hoc multi-hop networks 
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where the node communicates directly with other nodes within radio range and indirectly by using closer 

nodes as relays. As given in [1],[14]  an ad-hoc network consists of mobile nodes with wireless devices 

and routing functions, communicating with each other without any fixed infrastructures. The multi-hop  

mobile ad-hoc network is shown in Figure 1. 

 

Figure 1 Multi –hop Mobile Ad-hoc Network 

Due to the limited radio propagation range of wireless devices, routers are often multi-hoped. 

Mobile ad-hoc network have a dynamic topology due to node mobility, limited channel bandwidth and 

limited battery power of nodes. The rest of the paper is organized as follows: Section 2 describes the 

applications of MANET and the characteristics of MANET are given in section 3. Section 4 specifies the 

issues in MANET and Section 5 describes the routing in MANET. The broadcasting methods are given 

in Section 6 and the various mobility models are described in Section 7. The different type of 

performance metrics of MANET are given in Section 8. 

APPLICATIONS OF MANET   

Due to their quick self-organizing and economically less demanding deployment, MANET finds 

application in many areas. Some of these include Sensor networks, Military applications, Collaborative 

and distributed computing, Wireless mesh networks and Hybrid wireless networks which is specified in 

[4][11]. Sensor Networks are a special category of ad-hoc wireless networks that are used to provide a 

wireless communication infrastructure among the sensors deployed in a specific application domain. 

Some of the application for sensor networks is military, health care, home security and environmental 

monitoring. In military applications, Ad-hoc wireless networks are very useful in establishing 

communication among a group of soldiers for tactical operations. The primary nature of the 

communication required in a military environment enforces certain requirements on ad-hoc networks 

namely reliability, efficiency, secure communications. 

Collaborative computing requires a temporary communication infrastructure for quick 

communication with minimal configuration among a group of people. The distributed file sharing 

applications utilizes the formation of ad-hoc network with necessary support for reliable multicast 

routing for their purpose. Reliability of data transfer is very important in both collaborative and 

distributed computing. 
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Wireless mesh networks that are formed to provide an alternate communication infrastructure 

for mobile or fixed nodes/users, without the spectrum reuse constraints and the requirements of network 

planning of cellular networks. The advantages of wireless mesh networks are support for a high data rate, 

quick and low cost of deployment, enhanced services, high scalability, easy extendibility, high 

availability and low cost per bit. In hybrid wireless networks, one of the major applications areas of ad-

hoc wireless networks is in hybrid wireless architectures such as multi-hop cellular networks (MCNs) 

and integrated cellular ad-hoc relay networks. MCNs combine the reliability and support of fixed base 

stations of cellular networks with flexibility and multi-hop relaying of ad-hoc wireless networks. The 

major advantages of hybrid wireless networks are higher capacity, increased flexibility and reliability in 

routing, better coverage and connectivity in holes. 

CHARACTERISTICS OF MANET 

Dynamic Topologies  

Nodes are free to move arbitrarily and may consist of both bidirectional and unidirectional links 

.The network topology in MANET is multi-hop that may change randomly and rapidly at unpredictable 

times. 

Bandwidth constraints, Variable Capacity links 

Wireless links have significantly lower capacity than their hardwired counterparts. The 

throughput of wireless communications after counting the effects of multiple access, fading, noise and 

interference conditions is less than a radio’s maximum transmission rate. 

Energy Constrained Operation  

In MANET some or all of the nodes may rely on batteries or other exhaustible means for their 

energy. So energy conservation is most important concept in system design criteria as specified in [4]. 

Limited Physical Security 

Mobile wireless networks are generally more prone to physical security threats than are fixed 

networks. The increased possibility of eavesdropping, spoofing and denial of service attacks should be 

considered. These characteristics create a set of underlying assumption and performance concerns those 

guiding the design of routing within the high speed semi static topology of the fixed internet. In addition 

other Salient features are Communication environment very different, large range of user mobility with 

high user density, intermittent node connectivity and the need for scalability is not unique to MANETS. 

ISSUES IN MANET 

The major issues that affect the design, deployment and performance of an ad-hoc wireless 

system are medium access scheme, routing, Multicasting, Transport layer protocol, Quality of service 

provisioning, self organization, security, Energy management, Addressing and service discovery, 

Scalability and deployment considerations. Some of these issues are discussed below is specified in [10][ 

4]. 
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Medium Access Scheme 

The primary responsibility of a medium access control protocol in ad-hoc wireless networks is 

the distributed arbitration for the shared channel for transmission of packets. The major issues to be 

considered in designing a MAC protocol for ad-hoc wireless networks are distributed operation, 

synchronization, hidden terminals, exposed terminals, throughput, access delay, resource reservation, 

capability for power control and fairness.  

Routing 

The responsibilities of a routing protocol are exchanging the route information, finding a 

feasible path to a destination. The major challenges that a routing protocol faces are mobility, bandwidth 

constraint, error –prone and shared channel, location-dependent contention and other resource constraints 

such as minimum route acquisition delay, quick route reconfiguration, loop-free routing, distributed 

routing approach, minimum control overhead, scalability, provisioning of Qos , security and privacy. 

Multicasting   

Multicasting plays a major role in the typical applications of ad-hoc wireless networks such as 

emergency search and rescue operations and military communication. The mesh based multicast routing 

protocols are robustness, efficiency, control overhead, Quality of service, efficient group management, 

scalability and security. Transport layer protocols: The major objectives of the transport layer protocols 

include setting up and maintaining end-to-end connections, reliable end-to-end delivery of data packets, 

flow of control and congestion control. The major performance degradation faced by a reliable 

connection oriented transport layer protocol in an ad-hoc wireless network arises due to frequent path 

breaks, presence of stale routing information, high channel error rate and frequent network partitions. 

Quality of Service Provisioning 

In [5] [6] Quality of service is the performance level of services offered by a service provider or 

a network to the user. QoS provisioning often requires negotiation between the host and the network, 

resource reservation schemes, priority scheduling and call admission control. In ad-hoc network the 

boundary between the service provider and the user is blurred thus making it essential to have better 

coordination among the hosts to achieve Qos. 

Self-Organization 

 Important property that an ad-hoc wireless network should exhibit is organizing and 

maintaining the network by itself. The major activities that MANET is required to perform for self-

organization are neighbor discovery, topology organization and topology reorganization. MANET should 

be able to perform self-organization quickly and efficiently in a way transparent to user and the 

application. 
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Security 

 Security in MANET is very important because of the lack of any central coordination and 

shared wireless medium. The major security threats that exist in ad-hoc wireless networks are denial of 

service attack, resource consumption attack, host impersonation, information disclosure and interference. 

Addressing and Service Discovery 

 Due to the absence of any centralized coordinator addressing and service discovery is very 

significant in mobile ad-hoc network. The integration of service discovery with the route-acquisition 

mechanism demands authentication, billing and privacy that in turn require the service discovery 

protocols to be separated from the network layer protocols . 

Energy Management 

 Energy management is defined as the process of managing the sources and consumers of 

energy in anode or in the network as a whole for enhancing the lifetime of the network. Energy 

management can be classified into transmission power management, battery energy management, 

processor power management and devices power management. 

The simplified architecture of MANET is shown in the following figure 2. 

 

Figure: 2. The Simplified Architecture of MANET 

ROUTING IN MANET 

A central challenge in the design of ad-hoc networks is the development of dynamic routing 

protocols that can efficiently find routes between two communication nodes. The routing protocol must 

be able to keep up with the high degree of node mobility that often changes the network topology 

drastically and unpredictably. Many protocols have been proposed for mobile ad-hoc networks, with the 

high goal of achieving efficient routing. The routing protocols for ad-hoc networks can be classified 

broadly into categories based on routing information update mechanism, use of temporal information for 

routing, routing topology and utilization of specific resources which is specified in [2],[4] ,[7],[15]. 
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Based on the Routing Information Update Mechanism 

Ad-hoc wireless network routing protocols can be classified into three categories based on the 

routing information update mechanism. They are Proactive or table driven routing protocols, Reactive or 

on demand routing protocols and hybrid routing protocols. The classification of routing protocols is 

shown in figure 3. 

Proactive or Table Driven Routing Protocols 

In proactive routing, each node has one or more tables that contain the latest information of the 

routes to any node in the network. Each row has the next hop for reaching a node/subnet and the cost of 

this route. Various table-driven protocols differ in the way the information about a change in topology is 

propagated through all nodes in the network. Examples of proactive routing protocols are as follows: 

DSDV (Destination Sequenced Distance-Vector Routing Protocol), WRP   (Wireless Routing Protocol), 

CGSR (Cluster –Head Gateway Switch Routing Protocol), STAR (Source-Tree Adaptive Routing 

Protocol) and FSR    (Fisheye State Routing Protocol). 

 

Figure: 3. Routing in MANET 

Proactive or Table Driven Routing Protocols 

In proactive routing, each node has one or more tables that contain the latest information of the 

routes to any node in the network. Each row has the next hop for reaching a node/subnet and the cost of 

this route. Various table-driven protocols differ in the way the information about a change in topology is 

propagated through all nodes in the network. Examples of proactive routing protocols are as follows: 
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DSDV (Destination Sequenced Distance-Vector Routing Protocol), WRP   (Wireless Routing Protocol), 

CGSR (Cluster –Head Gateway Switch Routing Protocol), STAR (Source-Tree Adaptive Routing 

Protocol) and FSR    (Fisheye State Routing Protocol). 

Reactive or on Demand Routing Protocols 

Reactive routing is also known as on-demand routing. These protocols take a lazy approach to 

routing. They do not maintain or constantly update their route tables with the latest route topology. 

Examples of Reactive Routing Protocols are DSR   (Dynamic Source Routing Protocol), AODV (Ad-hoc 

On-Demand Distance Vector Routing), ABR (Associativity –Based Routing), SSA (Signal Stability-

Based Adaptive Routing) and PLBR (Preferred Link-Based Delay-Constrained Least –Cost Routing). 

Hybrid Routing Protocols 

A simple hybrid routing protocol is usually built on the principle that the MN is able to behave 

either proactively or reactively under different conditions. The resulting protocol inherits the benefits of 

both reactive and proactive behaviors and hence, can expand its suitability region within the ad-hoc 

network design space. Examples of hybrid routing protocols are CEDAR (A Core Extraction Distributed 

Ad-hoc Routing), ZRP (Zone Routing Protocol), and ZHLS  (Zone-Based Two –Level Link State 

Routing). 

Based on the Use of Temporal Information for Routing 

The use of temporal information regarding the lifetime of the wireless links and the lifetime of 

the paths selected. The protocols are classified into two categories they are routing protocols using past 

temporal information and routing protocols that use future temporal information. 

Routing Protocols Using Past Temporal Information 

These routing protocols use information about the past status of the links or the status of links at 

the time of routing to make decisions..Examples of routing protocol using past temporal information  are 

DSDV (Destination Sequenced Distance-Vector Routing Protocol),WRP (Wireless Routing 

Protocol),STAR (Source-Tree Adaptive Routing Protocol),DSR (Dynamic Source Routing Protocol), 

AODV    (Ad-hoc On-Demand Distance Vector Routing) and FSR (Fisheye State Routing Protocol). 

Routing Protocols that Use Future Temporal Information 

Protocols of this category use information about the expected future status (i.e lifetime of the 

node, prediction of location and prediction of link availability) of the wireless links to make approximate 

routing decisions). Examples of Routing Protocols that use future temporal information are FORP (Flow-

Handoff Routing protocol), RABR (Route-Lifetime Assessment Based Routing Protocol), and LBR 

(Link Life-Based Routing Protocol). 
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Based on the Routing Topolog 

Based on topology the routing protocols can be classified as either a flat topology or a 

hierarchical topology routing 

Flat Topology Routing Topology 

The protocols of this type make use of a flat addressing scheme similar to the IEEE 802.3 

LANs. Examples of Flat topology routing protocols are DSR (Dynamic Source Routing Protocol), 

AODV    (Ad-hoc On-Demand Distance Vector Routing), ABR (Associativity –Based 

Routing),SSA(Signal Stability-Based Adaptive Routing)  and  PLBR (Preferred Link-Based Delay-

Constrained Least –Cost Routing) 

Hierarchical Topology Routing Protocols 

Protocols of this type make use of a logical hierarchy in the network and an associated addressing 

scheme. Examples of Hierarchical topology routing protocols are CGSR (Cluster –Head Gateway Switch 

Routing Protocol) and FSR (Fisheye State Routing Protocol) . 

Based on the Utilization of Specific Resources 

Two types of routing categories are fall under this routing based on the utilization of specific 

resources. They are Power-aware routing and geographical information assisted routing. 

Power-Aware Routing 

The routing decisions are based on minimizing the power consumption either locally or globally 

in the network. Power-aware routing protocol (PAR) is the example of Power-aware routing . 

Geographical Information Assisted Routing 

Protocols of this type improve the performance of routing and reduce the control overhead by 

effectively utilizing the geographical information available. Location Aided routing protocol is example 

of this type of routing 

BROADCASTING IN MANET 

Broadcasting is the in which the source node sends the message to all other nodes in MANET. 

Broadcasting is important in MANET for routing information discovery, protocols like dynamic source 

routing (DSR), ad-hoc on demand distance vector routing (AODV),Zone routing protocol(ZRP) and 

location aided routing (LAR) use broadcasting to establish routes. In [8][12][13],the broadcasting 

method can be classified as simple flooding, probability based, area based and neighbor based 

approaches . 

Simple Flooding Method 

In simple flooding method source node broadcasting the message to all its neighbors and each 

of these neighbors in turn rebroadcast the packet exactly one time and this continues until all reachable 
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network nodes have received the packet. This method is very reliable for low density and high mobility 

nodes. But it is very harmful and unproductive as it causes severe network congestion and quickly 

exhausts the battery. 

Probability Based Method  

In probability based method assign probabilities to each node to rebroadcast depending on the 

topology of network. Probability based method there are two types of approaches they are probabilistic 

based scheme approach and counter based scheme approach. These approaches minimize the network 

congestion and collisions. 

Area Based Method  

In Area based method common coverage area is assumed and a node will rebroadcast if there is 

sufficient coverage area. This method contains two approaches namely distance based approach and 

location based approach. Location based approach is supported by the global positioning system(GPS) 

and the problem of this approach is calculating the additional coverage area.  

Neighbor Based Method  

In this method state of the neighborhood is maintained and information obtained from the 

neighboring nodes are used in rebroadcast. Self-pruning, scalable broadcasting approach and ad-hoc 

broadcasting approach are fall under this category. 

MOBILITY MODELS  

In [5], various mobility models exist which are used in wireless simulations and have been 

designed to depict real-life scenarios. They are described below: 

Random Waypoint Mobility Model (RWP) 

The Random Waypoint Mobility Model depicts a mobile host as remaining in a location for a 

certain period of time after which a random point within the simulation space is chosen and it travels to 

that point with a selected speed. This model is very popular in MANET research 

Gauss-Markov Mobility Model (GMM) 

This model has been used for simulation of MANET protocols and it was designed to adapt to 

different levels of randomness through a tuning parameter.  

Reference Point Group Mobility Model (RPGM) 

The Reference Point Group Mobility Model depicts the random motion of a group of mobile 

hosts and also the random motion of each individual host in the group. The movement of the group is 

based on the path travelled by a logical centre for the group.  
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Manhattan Mobility Model (MM) 

The introduction of the Manhattan model to emulate the movement pattern of mobile nodes on 

streets defined by maps .The velocity of a host at a time slot is dependent on its velocity at the previous 

time slot and also a mobile host’s velocity is restricted by the velocity of the node preceding it on the 

same lane of the street.  

Heterogeneous Mobility Model 

This is a hybrid of entity and group mobility models which depicting varied movement patterns 

by pulling other mobility models together into one. Heterogeneous mobility can be achieved in two ways 

as considered below:  

Heterogeneous Mobility Model 1 (Het1)  

This is based on the BonnMotion ChainScenario model [6]. In this model each mobile node 

observes movement patterns defined in all constituent models. Het1 comprises of RWP, GMM and MM 

and each node in the model moves in patterns defined by all three models such that nodes final position 

of the (n-i) the scenario is linked to the initial position of the nth scenario, and so on. RPGM is not 

included in Het1 because the BonnMotionChainScenario model does not support the implementation of 

RPGM.  

Heterogeneous Mobility Model 2 (Het2) 

Het2 defines a situation where each constituent model depicts movement for one-third of the 

overall considered number of nodes. RWP depicts movements for nodes 0 – 9, GMM 10 – 19 and RPGM 

20 – 29. This model does not generate a scenario file but in this implementation, each scenario file 

making up the model is defined separately and linked from the Tcl file to run the simulations. 

PERFORMANCE METRICS 

The following metrics were used to evaluate the performance of routing protocols which is 

specified in [3], [9], [16] 

• Packet delivery ratio: The data packet delivery ratio is the ratio of the number of packets 

generated at the source to the number of packets received actually by the destination. 

• Throughput: Ratio of the packets delivered to the total number of packets sent. 

• Average End-to-End Delay: Time taken for the packets to reach the destination.  

• Routing Overhead: it is the number of routing packets which would be sent for route discovery 

and maintenance. 

• Energy efficiency: is defined as total number of bitstransmitted / total energy consumed, where 

the total bitstransmitted is calculated using application layer datapackets only and total energy 

consumption is the sum ofeach node’s energy consumption during the simulationtime. The unit of 
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energy efficiency is bit/Joule and greaterthe number of bits per joule, the better the 

energyefficiency achieved. 

• Jitter: Jitter describes standard deviation of packet delay between all nodes.  

• No. of packets dropped: It is the number of packets lost by routers at the network layer due to the 

capacity of buffer or the packet buffering time exceeds the time limit. 

CONCLUSIONS 

In this paper, we have studied the characteristics and applications, features and performance 

measures of MANET. And we studied the detailed routing protocols and the review of broadcasting 

methods of MANET and its mobility models. It concluded that the routing protocols and broadcasting 

methods are important for making the effective communication between mobile nodes in wireless ad hoc 

network. 
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