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Abstract— Mobile ad hoc networks (MANETs) is used in new set of networking strategies 

to be implemented so as to provide effective communication in case of natural disasters.In 

Manets, the nodes communicate through TCP/IP protocol.In a disaster recovery  scenario, 

Manets provide communication among rescue members to perform relief operation instantly.In 

this paper, a disaster recovery model is created and the communication techniques used in 

disaster management recovery scheme is examined.The performance of the AODV protocol is 

analysed initially.Then, a clustered network model is created and the performance of the pro-

posed cluster based  aodv protocol is examined. Finally, the proposed ZBMRP protocol, which 

uses heuristic approach for Zone head  is implemented for the disaster recovery model and the 

results are analysed. The above three protocols such as AODV,Clustered AODV and the 

ZBRMP protocol is compared in terms of performance metrics such as Packet delivery ra-

tio,End to end delay and throughput.The results concludes that ZBMRP protocol has  better  

performance metrics for the proposed disaster recovery model. 

       Keywords— Zone based routing, Zone head, Genetic Algorithm, Disaster recovery 

model. 

1 Introduction 

1.1   Routing Protocols in Mobile Adhoc Networks 

The wireless network can be categorised as Infrastructured and Infrastructure less. 

In Infrastructured wireless networks , the mobile nodes will have mobility during 

communication but  the base stations are fixed. When the nodes move out of range of 

a  particular base station, they eventually get into range of another base station. In 

Infrastructure less or ad hoc wireless network, the mobile nodes itself will act as rout-

ers and will move while communicating. There will not be fixed base stations and 

these mobile nodes can dynamically create new routing channels among themselves 

and form their own network on the move[1]. In recent years, the advancements in 

geographical observation system  is tremendous in the relay of information through 

sensor technologies.Eventhough the management of disaster recovery  increased the 

need for application of communication technologies such as Manets in disaster miti-

gation. In case of disasters ,post management can be critical for the migration and 
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rescuing, or any other rescue process related to the recovery. Since Manets are infra-

structure-less network,they are used as the best choice so far for such cases[2]. The  

routing protocols serve as a method to enhance the performance of the degradation in  

communication networks during the post management recovery from disaster.Manets 

have numerous applications in the field of learning, information sharing, collaborative 

computing and so on.But it plays a vital role in search and rescue operations during 

natural calamities for quick response and action. Routing protocol in Manet plays a 

vital role in efficient communication and allows the flow of data and information in 

network.The MANET routing protocol can be categorized into two major classes: 

Topology based and position based. Routing protocol allows the flow of data and 

information in network and makes the path efficient enough to reach the destination. 

The topology based routing protocol performs efficient routing by forwarding the 

packets by using the information available about the nodes existing in the network. 

Proactive routing, reactive routing, hybrid routing and hierarchical routing are exam-

ples of topology based routing.  Proactive protocols will maintain a routing table with 

a evaluation of the routes within the network. So when a packet needs to be forward-

ed, the route is already known and can immediately be used. Distance vector proto-

cols are examples of proactive schemes. Reactive protocols have a route determina-

tion procedure only on on-demand only.TORA protocol is an example of on-demand 

reactive routing. Flooding algorithms belong to the reactive group. There are many 

advantages in proactive schemes when compared with reactive schemes. The proac-

tive protocol will have only a little delay in route finding when compared with reac-

tive protocols. During significant traffic and high mobility, long delay will consume 

larger portion of network capacity. An adhoc network will require the route determi-

nation procedure only on-demand with limited route search cost. The ZRP limits the 

scope of the proactive protocol only to the routes local neighbourhood.In the reactive 

part, the search throughout the network is done by effectively querying only selected 

nodes in the network, as opposed to    querying all the network nodes. The position 

based routing demands additional data about the physical location of each node par-

ticipating in the network. Routing protocols in Manet has many challenges like node 

mobility, frequent topology changes and inconsistent network partitions with varying 

capacity of wireless links. The other issues include hidden terminal problem, con-

strained bandwidth resources and restricted battery power. 

2. Disaster Recovery Model 

In catastrophe situations, robust communication systems are needed to rescue the 

public and to ensure safety. Instant speedy rescue should be enforced by the resuce 

team as the disaster area may further be affected.This is accurate in case of building 

crash which may again get demolished in the same zone, fire accidents which may 

further affected by wind, earthquakes, Hurricanes and so on. These entire catastrophe 
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situations are considered  in Network as  disaster area scenario. Due to the fact that  

preinstalled infrastructure may have been destroyed by the catastrophe, there is a 

demand for instant communication systems independent of such infrastructure. MA-

NETs ensures this requirement independent of any kind of infrastructure by their very 

definition. In these disaster area situations, the users of the newly developed commu-

nication systems need reliable communication. The base station may be either tempo-

rarily fixed and mobile stations can be used. The users will be civil protection forces, 

Public welfare society including rescue teams and fire brigades, Government sectors, 

Hospital team with casualties treatment, transport zone and so on[6]. The communica-

tion between the rescue teams should be efficient so that every team can move to 

different zones and can save the needy. In the event of the requirement of further 

rescue force for a particular zone, the immediate communication in time will be of 

great deed. By considering all the important analysis and characteristics in tactical 

issues of civil protection, a heterogeneous zone based disaster area network is pro-

posed as shown in the Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 1.Disaster Recovery scenario 

 

 

This unit is assumed to be a structured architecture and each zone can be monitored 

by  one leader as a technical operational commander to direct the movement. The 

disaster area and its surrounding is divided into different zones such as incident zone,  

First Aid treatment zones  point, transport zone and patient waiting zone .The 

transport zone will have emergency vehicles like ambulance,cabs and coaches and 

may leave the network outside the coverage area. By assuming the network to have 

heterogenous devices with medium mobility speeds and with less hindrances, shortest 

path can be chosen for communication. The above disaster recovery model is created 

using NS2.The routing protocols performances are analysed .The routing protocols 

considered for analysis are AODV, proposed clustered AODV approach and the pro-

posed ZBMRP protocol. 
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2.1 Performance Analysis using AODV protocol: 

 

 A Network model  for the proposed disaster recovery model is created using 

Network simulator with different number of nodes.AODV protocol permits mobile 

nodes to quickly obtain routes for new destinations.The nodes will not maintain routes 

to destinations that are not in active communication. Also, AODV routing allows 

mobile nodes to respond to link breakages and to changes in network topology  with 

efficient timely performance. The main objectives of AODV protocol is to quickly 

and dynamically adapt to topological changes .Thus AODV is  pure on-demand rout-

ing protocol. The  Control messages used in AODV are: Route Request Messages 

(RREQ) , Route Reply Messages (RREP), Route Error Message (RERR), Route Re-

ply Acknowledgment (RREP-ACK) Messages and HELLO Messages. AODV main-

tains its paths by using control messages called Hello messages which in turn is  used 

to detect the neighbours in connectivity range. If there is a link failure, the route 

maintenance scheme was engaged. Hello messages are sent at an 1 second interval 

and the nodes can tolerate a loss of 2 hello messages and can declare a lost link. When 

a source node has to communicate with destination node, and  it doesn‟t have a valid 

route to the destination, it initiates a path discovery process to locate the  node. It 

broadcasts a route request (RREQ) control packet to its corresponding neighbours, 

which in turn forward the request to their corresponding neighbours, and so on, until 

the required destination or an intermediate node with a new route to the destination is 

located. The AODV protocol maintains a destination sequence number to ensure that 

all the routes contains the most recent route information[7]. Each node maintains its 

own sequence number. During the forwarding process, the RREQ intermediate nodes 

record the address of the particular neighbour from which the first copy of the broad-

cast packet is received in their routing tables entry, thereby establishing a reverse 

path. Once the RREQ reaches the required destination or an intermediate node with a 

new route, the destination node or the intermediate node will respond by unicasting a 

route reply (RREP) control packet back to the neighbour.The route discovered will be 

maintained as long as needed by the source node. During connectivity failure ,the 

error packets RRERs are used. When RERR is received by the source node, it can 

either stop sending the data or reinitiate the route discovery mechanism by sending a 

new RREQ message if the route is still required.It is analysed that AODV performs 

well if the routing table is effective[8].If the host has the route information in the 

routing table about active routes in the network, then the routing process is easier and 

overhead is minimal. 
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 2.2 Performance Analysis using Clustered AODV: 

 

In the proposed disaster recovery model, if there is a central authority such as zone 

head or cluster head, the  routing process may be quite easier  within the group.The 

rescue process will be faster in a team work with a head or central administrator.A 

clustered Network model is developed for the above disaster scenario. 

Definitions : A cluster or a group is defined as a connected subgraph within a spec-

ified radius. 

Definition: A cluster head or zone head is represented by an identifier and cluster 

members are represented by an identifier. 

Clusters are created for the proposed network disaster model and a cluster leader is 

elected.For the defined rescue scenario, the performance of Clustered AODV is ana-

lysed.Cluster or zone heads are  the important strategy for the routing ,resource allo-

cations and network managements.The stability of the clusters is an important factor 

for the clustering.[3] In this proposed clustered AODV protocol,mobility, energy of 

the node and distance metric is calculated and the efficient node is elected as cluster 

head.To analyse the performance of clustered AODV, the mobile nodes are divided 

into groups and cluster head is elected by the following procedure : 

Procedure : 

 The nodes are deployed. (i.e. 20, 30,50) 

 The parameters such as Energy level ,Position of nodes and transmission 

range are determined. 

 Based on the distance and connectivity index, the cluster head is elected. 

 Many clusters can be formed depending on the distance of the nodes and 

the source node is selected. 

  CH will send Hello messages to all nodes in its cluster. 

  Nodes which will reply to CH‟s Hello message will becomes a part of 

cluster. 

The following figure represents the Network model for the clustered AODV protocol. 

 
Figure 2. Clustered Network model 
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AODV, in general has no need for central authority for route handling.But for the 

proposed disaster recovery model, the central administration will be helpful for faster 

rescue process.Hence, AODV protocol is enhanced with Clustered AODV protocol 

and the performance is analysed.Since the cluster Head maintains a routing table with 

all the routing information, instant easier routing is performed well with clustered 

AODV protocol.So, the end to end delay is reduced in clustered AODV  when com-

pared with AODV.The parameters such as battery power,transmission range are pre-

viously determined for a disaster recovery scenario[3]. Since the parameters are pre-

viously analysed, Clustered AODV has increased performance. 

 

2.3 Performance Analysis using proposed ZBMRP protocol : 

 

ZBMRP  is a hybrid technique  of a reactive and a proactive protocol.ZBMRP can 

combine the salient features of both proactive and reactive schemes.The above dis-

covery rescue team  is assumed to have less mobility speed, Energy threshold being 

maintained and the zone radius being  predetermined . The network is   divided into 

routing zones based on radius.The ZBMRP is based on two totally detached protocols 

that operates inside the zone and between the routing zones. The Intrazone Routing 

Protocol (IARP) operates inside the  specific routing zone internally and learns the 

minimum distance and routes to all the nodes within the particular zone.  The second 

protocol, the Interzone Routing Protocol (IERP) is based on reactive approach  and is 

used for finding the specific  routes between different routing zones Here the border 

nodes are referred as peripheral nodes. Our proposed ZBMRP protocol focuses main-

ly on the Neighbour discovery protocol and IARP protocol with link-state routing. 

Neighbour discovery relies on the Hello beacons at regular intervals to check whether 

the neighbouring nodes are alive or not. This short beacons contain the source address 

and the neighbor table is updated. Initially the population is created and the best fit-

ness path is evaluated. The best fitness path is evaluated with Genetic Algorithm 

approach.Since Soft computing technique yields better optimization [4], Genetic Al-

gorithm is used to calculate the best fit path. Genetic Algorithm by repeated optimiza-

tion yields better result and the best node will be elected. Based on the best result, the 

particular node is elected as a leader. Since the leader has a best path, the routing 

takes place through the zone head. In case of a unidirectional link, the head node is 

aware of its link  due to its reverse path link. By extending the zone radius, the scala-

bility can be achieved and due to the efficient zone head the routing can be performed 

easier. If the destination is not within the zone, Route Request (RREQ) packet is 

broadcasted to all the border nodes  or peripheral nodes within the routing zone, 

which in turn forwards the routing  request if the required destination node is not 

found within its routing zone. This procedure is repeated until the requested destina-
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tion node is found and a route reply is sent back to the source node indicating the  

correct route.By increasing the zone radius, the scalability of the network can be ex-

tended and the ZBMRP protocol will yield better result when the source and destina-

tion are within the zone.By assuming the disaster recovery scenario is within the 

predetermined specific radius,the main focus  is placed on the  efficiency of the Intra-

zone routing.For larger area, the zone radius can be increased.For the IERP 

scheme,Broadcast Resolution Protocol (BRP)  is included in ZBMRP.The Network 

model for the ZBMRP protocol is as shown in the  following Figure 3. 

 

 
 

  Figure 3. Network model for ZBMRP protocol 

 

ZBMRP performs well  with varying density of nodes. Since the geographical re-

gion is predetermined for a disaster recovery model, ZBMRP suits well for intrazone 

routing and the performance is increased when compared with AODVand clustered 

AODV.Since the stability of clusters is an important factor in Clustered AODV[5], 

clustered AODV has minimal performance than ZBMRP. 

 

3 Results 

 

Network  Simulator NS-2  has been used to analyze the performance of the 

  protocols discussed   under varying node density . It is assumed that the size of 

network, pause time, maximum speed of nodes and transmission rate are constant 

while the density of nodes in the network and the zone radius of each node vary con-

siderably. For varying number of nodes, the  following performance metrics are cal-

culated. 
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Packet Delivery Ratio : 

 

Packet Delivery ration is defined as the the number of packets actually delivered to 

the destination to the total number of packets originated . The location information of 

the nodes will yield high packet delivery ratio. 

 

Throughput 

Throughput is measured in megabytes per second. Throughput is defined as the 

amount of successful transmission of data over the  entire network. 

 

End to End delay 

It is determined by the time lapse between the source and destination nodes. 

 

Table 1. Comparison of Packet Delivery Ratio 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Comparison of End to End delay 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Packet Delivery Ratio 

No. of 

Nodes 

AODV Clustered 

AODV 

ZBMRP 

10 0.39 0.432 0.712 

20 0.45 0.47 0.756 

30 0.5 0.532 0.801 

40 0.65 0.67 0.842 

50 0.765 0.78 0.898 

60 0.78 0.79 0.899 

70 0.834 0.845 0.923 

80 0.9 0.91 0.935 

90 0.92 0.93 0.968 

100 0.95 0.95 0.975 

End to End Delay 

No. of 

Nodes AODV 

Clustered 

AODV ZBMRP 

10 8546 8373 6776 

20 7562 7464 6423 

30 8201 7954 7145 

40 8475 8328 6574 

50 7954 7834 6715 
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Table 3. Comparison of Throughput 

 
 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 4.Comparison of   Packet Delivery Ratio 
 

Throughput 

Simula-

tion 

Time(ms) 

AODV Clustered 

AODV 

ZBMRP 

30 8580 8460 10232 

35 7450 7560 9048 

40 6320 6130 7738 

45 6125 5845 7203 

50 6986 6836 8755 
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Figure 5. Comparison of End to End delay 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6. Comparison of Throughput 
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4 Conclusion 

  

 Lack of infrastructure,greater flexibility, easier deployment and low cost 

makes MANET  essential for Disaster recovery model. Manet when integrated with 

other wireless devices with fixed infrastructure will also yield  better performance. In 

this paper, three different protocols were analysed based on the proposed disaster 

recovery situation. Simulation results were analysed for  three different protocols with 

varying number of nodes.The network routing shows improved performance with our 

proposed ZBMRP protocol which uses Heuristic approach for optimization. 
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