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ABSTRACT 

MANET is wireless mobile ad hoc network, having different routing protocol 

reactive, proactive and hybrid protocol. Zone Routing Protocol (ZRP) is among one of them, 

it is hybrid protocol i.e. combination of reactive and proactive routing protocol to maintain 

valid routing without too much overhead. It use pro-active protocol within a node's local zone 

and use reactive protocol out of node‟s zone. The previous studies on ZRP take homogenous 

scenarios, where all mobile nodes are identical in term of mobility, but real scenario is 

heterogeneous where all nodes are not identical in terms of node mobility. This paper 

presents the ZRP performance in heterogeneous and homogenous cases and new scheme for 

ZRP is proposed to adapt to complex (both mobility and radius variation) scenarios which is 

efficient one. This paper shows the variations exhibited while considering the mobility, 

network size and both together and use Qualnet simulator to simulate the result. 

Keywords: Ad Hoc network, ZRP-Zone Routing Protocol, Dynamic Topology, IARP- Intra 

Zone Routing Protocol, IERP-Inter Zone Routing Protocol, Qualnet. 

 
 

1. INTRODUCTION  

In the current dynamic world, the increase in the usage of wireless devices has 

drastically gone up in scales. Mobile Ad hoc network (MANETs) are the type of wireless 

network that do not require any pre-existing fixed network infrastructure, so it is formed on-

the-fly when required. Such network is characterized by high error rates, dynamic topology, 

limited battery power of nodes and limited channel bandwidth. The challenge here is that 

how to find an effective path, between these mobile nodes. Finding an effective path is called 

as efficient routing. For such a reason so many routing protocols have been developed. 

Mobile Ad-hoc Networks basically follow three types of routing protocols.  

According to [1], the first category is Proactive routing protocol, also called as table 

driven approach where every node maintains the topological information by exchanging the 

routing information which is already maintained in the form of tables, eg Destination-

Sequenced Distance Vector (DSDV) [2] and Optimizes Link State Routing Protocol (OLSR) 

[3] . In the second category, reactive routing protocol, this is also called as on demand 

approach, the necessary path is obtained only when they require, eg Dynamic Source Routing 

(DSR) [4] and Ad hoc On Demand Distance Vector (AODV) [5]. The third category is the 

Hybrid routing protocol, which follows both the features, in fact the best features of the 

previous two categories, eg Zone Routing Protocol (ZRP) [6]. Here the routing follows 

proactive when inside the zone is considered and reactive is used when out of the zone is 

considered. 

2. PREVIOUS WORK  

Previously, different routing protocols were used to effectively find the path between 

different mobile nodes. Among them, AODV, the reactive routing protocol, DSR, the 

proactive routing protocol and ZRP a hybrid kind were used. The ZRP performance is 

presented in [8]. The radius of zone in ZRP is key factor. Previous study analyzed the 

homogenous cases of ZRP, where all mobile nodes are same in term of mobility and zone 
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radius and studies on heterogeneous cases was not considered where all mobile nodes are 

different in same network. In this paper, heterogeneous case of ZRP is consider and the 

performance is analyzed.  

2.1. ZRP Overview 

According to ZRP, the nodes are grouped into different zones. The zones are divided 

basing on the hop factor. Every zone has a radius which is equal to the number of hops. The 

r-hop radius says that the next node is r units away from the current node. The routing zone 

of the node is the subset of a network and all nodes in the subset should be reached when the 

hops are equal to the zone radius or less than the zone radius. ZRP reduces control overhead 

of proactive routing protocol. ZRP is consistent of an Inter-zone Routing Protocol (IERP), 

Intra-zone Routing Protocol (IARP), and a border cast Resolution Protocol (BRP) [9]. IARP 

used inside routing zones and IERP is used outside of routing zones. Within local zone a 

route to the destination can be established from proactively cached routing table of source by 

IARP therefore packets can be delivered immediately if source and destination is in the same 

zone. For route outside the zone, route discovery happen follow source sends request to its 

border nodes containing its own address, the destination address and the unique sequence 

number. Border nodes are defined as the minimum number of hops to the local zones away 

from source. Border node check it is local zone for destination .If the request is the not the 

member of local zone. Border node add its own address to packet and send packet to their 

border nodes and if the destination is there in the  local zone of border node, it send route 

reply  to source and the transfer of packet occur between source and destination. 

2.1.1.1  IARP 

Nodes communicate with interior node of its zone using IARP. Region of node is 

decided by its zone radius i.e. ρ. IARP is a table driven or proactive routing protocol. The 

node continuously should update the routing information in the routing table to determine the 

peripheral node as well as maintain details of which nodes can it reach locally. IARP 

optimize the local route by shortening the route if it finds with less number of hops has been 

detected as shown in figure 1.Because of proactively, discovery of local route is efficient and 

route can immediately be available without any additional delay. In order to use the 

bandwidth efficiently IARP is restricted to routing with in a zone ρ. TTL (time to live) is 

added to route the discovery which is initialize to ρ-1, and iteratively it decrements by one, at 

zero it is discarded .A node periodically transmits link state information to the node in its 

routing zone .The link state update packet containing a list of nodes consisting of destination 

address, destination masks and the number of metrics of different types. The scope of update 

is controlled by time to live field initialized to ρ-1.  

 
                   
            
            
            
            
            
            
                Figure 1. Routing Zone of A with radius ρ =2 
2.1.2. IERP  

The IERP, Inter Zone Routing Protocol is global in nature i.e. it is used for the routing 

to the outer nodes of a zone. This usually uses the approach of reactive routing. In a reactive 

routing, the needed path is obtained whenever it is required. So, there is no sort of 
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maintenance of any type of information related to route establishment or route maintenance. 

If at all, the path is to be obtained, then they first follow the connection establishment policy. 

Hence, they do not periodically exchange the routing information. It is also called as On-

Demand protocol. i.e. it means the route request queries are made only when a request is 

made. 
     The IERP uses bordercasting mechanism, where a node forwards the route request to 

its peripheral node rather than forwarding to all the other local nodes, will reduce delay in 

route discovery. If a node is considered it will not send the reply message back to the node 

from which it came from, thereby reducing the flooding process. 

     IERP sometimes take help of the local routing information given by the IARP and 

hence change the way the route discovery is made i.e. as it was described previously, it 

broadcasts rather than flooding. The ZRP and its performance as a whole rely on the 

communication between the IERP and the IARP. 

2.1.3. BRP 

BRP is the efficient multicast packet delivery service used for guiding queries through 

the network.BRP is used in zone routing protocol for sending the requests to the peripheral 

nodes. For this it uses the map provided by the local proactive IARP to construct bordercast 

structure. BRP keeps track of the nodes to which the query packets have been delivered. 

When a node receives a query packet which does not lie in its local zone, it constructs a 

bordercast tree. So, the packet is forwarded to the neighbour node. These nodes on receiving 

the packets, reconstruct the bordecast trees if no it continues to process. 

     Query is detected on the network in signal broadcast channel. Only query detection is 

not enough if the packet goes to already covered node, the packets are dropped. This process 

is called early transmission. Sometimes, Selective broadcasting is used to remove the 

unnecessary query. i.e. For ZRP, BRP is an intermediate between IARP and IERP to take the 

full advantage of proactive or reactive properties. 

3. PROPOSED WORK ZRP TO HETEROGENEOUS SCENARIOS 

3.1 Heterogeneity in Zone Routing Protocol: 

According to [04], The IARP traffic (proactive intra-zone control traffic) increases 

when there is increase in zone radius and the IERP traffic (reactive control traffic) decreases 

inversely proportional to the zone radius ie IERP traffic decrease when there is increase in 

zone radius of a node. With the zone radius, IERP traffic is also depends on mobility of node. 

In particular, smaller zone radius gives high performance when mobility of node is high and 

larger zone radius gives high performance when mobility of node is low. However, it is 

studied previously that nature of mobile nodes were similar e.g all nodes have same zone 

radius, this is homogeneous cases in terms of node mobility. But real scenarios is 

heterogeneous in nature ie, all node dose not move with the same speed, so it is realistic to 

consider the cases where some nodes are relatively slow and some nodes are relatively fast 

when compare to with each other. 

In Simulation, it is analyse that taking same radius for all moving nodes when 

considering different cases would lead to poor performance. Some nodes moves with low 

mobility (0-10)m/s while some nodes move with faster mobility (30-40)m/s in network .So 

for better performance different nodes with different mobility have different zone radii. This 

modification in radius is discussed in following two subsections. 

3.1.1 Heterogeneity in Intra-zone Routing Protocol (IARP): 

Each node has its own radius according to the mobility. Smaller zone radius is 

adapted by faster node while larger zone radius is adapted by slower node. When zone radius 

is zero ‟0‟ no proactive packets are delivered or not even received by other node. Highly 
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mobile nodes moves with smaller zone radius and when a zone radius is nonzero that is „n‟ a 

hello packet is send in periodical manner, „n‟ hops routing zone is maintain to its 

surrounding. It includes the node in its neighbour list if its zone radius is equal or higher than 

its zone radius, when a hello packet is received by a neighbour node. 

With this above adaptive IARP, nodes have different logical view of network 

topology. For example, in Fig. 2, there are three zone radii used in network: 0, 2, 3. The 

number labelled with each node refers to the zone radius that it maintains. The node having  

zone radius „3‟ can logically view only the nodes having zone radius „3‟, because „3‟ is the 

largest zone radius in this network. As shown in the figure2 node H having zone radius „3‟ 

can logically view or treat only node E and L as its neighbours. Node G and S are also at one 

hop distance from node H. But node H do not add these nodes in its neighbour list as nodes 

„S‟ and  „G‟ has  radius less than „3‟. Node H broadcast it‟s IARP Packets and only E and L 

receive these packets because either all other nodes are outside the zone or their zone radius 

is less as compared to sending node. The nodes whose radius is of „2‟ units contain the 

information of nodes with zone radius „2‟ and „3‟ in network. As shown in the fig. 2  Node 

„S‟ keep the information of nodes  „H‟,‟L‟,‟J‟,‟K‟. But nodes I and D are ignored by node S 

or node S does not send the IARP packets to nodes I and D because their zone radius are 

smaller than node S. Node‟s having zone radius „0‟ does not send any IARP packets as they 

only notice their own existence. 

                 
                Figure 2. Heterogeneity in ZRP (different radius) 

3.1.2. Heterogeneity in Inter Zone Routing Protocol: 

A node which need to route first check the routing table to see whether any route 

exists or destination is in its local zone if so then no need of route query .If the destination is 

in different zone source node send route query using IERP. The propose work in this paper 

differ from the work done previously in IERP. In original phase all the nodes participate for 

route query without considering  mobility which can take part in  route .Thus fast node and 

the slow node get the same opportunities during the route this may be unreliable some times 

because it cause link breakage in network due to fast movement of intermediate node. With 

different zone radius a node having different view of network topology, which gives the 

nodes a chance to establish more reliable, effective and efficient route. 

4. SIMULATION 

4.1. Simulation Environment  

The QualNet 5.0.2 network simulator is used to analyse the performance of ZRP. The 

QualNet network simulator war developed as a commercial derivative of the GloMoSim to 

support MANET‟s model and protocol [15] .The performance is analysed with varying nodes 

in network with mobility or without mobility and different Qos performance parameter is 

analysed to measure the network performance. 



International Journal of Computer Application                                                      Issue 3, Volume 2 (April  2013)                                                                                                                      

Available online on http://www.rspublication.com/ijca/ijca_index.htm                                        ISSN: 2250-1797 

 Page 63 

 

    This paper shows various experimental and analytical and comparative results of 

Heterogeneous cases (where all nodes having different in terms of mobility and zone radius) 

of zone routing protocol over Homogeneous cases (where all nodes are same in terms of 

mobility and zone radius) zone routing protocol. Scenarios are taken with (25 nodes, 50 

nodes, 75 nodes, 100 nodes) of ZRP for Homogeneous as well as for Heterogeneous cases. 

CBR and FTP are the two data traffics taken in proposed work between source and 

destination. The nodes are placed over the region of (1500m*1500m). The physical medium 

used is well known 802.11DSSS PHY with a data rate of 2 mbps. The MAC protocol used is 

also 802.11 MAC protocol, configured in a MANET mode. More precisely we use only 

Distributed Coordination Function (DCF) of the protocol. The animated simulations are 

shown in figure3 and figure4 with (25 nodes, 50 nodes). The Configuration of simulation is 

shown in table1. 

Table 1. Simulation Parameters 

 Parameters Values 

Simulator Qualnet 5.0.2 

Protocol ZRP 

Number of nodes 25,50,75,100 

Simulation time 90 seconds 

Simulation Area 1500m*1500m 

Node movement model Random way point 

mobility Traffic type FTP,CBR 

Size of the packet 512 bytes 

Rate of packets in CBR 100 

4.2. Performance Metrics: 

The objective of the experiment with QualNet is to analyze the performance metrics 

of ZRP, as the following metrics are used: 

 Throughput: Throughput is the metric used to measure the successful data packet 

received at the destination. 

 Average end-to-end delay: It is defined as the total sum of the time taken for route     

discovery, queuing, data propagation and transfer time. 

 Average Jitter: It is defined as the variation in the delay. This can be calculated by 

doing the subtraction operation on the time at which the source sent the first packet 

and the time at which first packet was arrived at the destination. 
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4.3. Simulation Result 

The simulation result for homogeneous and heterogeneous cases with 25 nodes 50 

nodes 75 nodes and 100 nodes are shown in fig.5 and fig.6. Fig.5 shows the average 

throughput in bits per second for FTP and CBR traffic with different traffic, as traffic is 

increased with number of nodes in network. For homogeneous case the nodes movement 

differ from (0-10) m/s to (30-40) m/s but having same zone radius for all nodes and for 

heterogeneous cases the node movement differ from (0-10) m/s to (30-40) m/s but having the 

different zone radius according to node speed. 

   
Figure 5. The impact of network size on average throughput (in bits/sec) for CBR and FTP. 

It is shown by figure fig. 5 that for for FTP traffic, homogeneous condition lack in the 

throughput as having same zone radius for nodes having different movement, also with 

increase in traffics the performance decrease as shown in the fig 5. As the number of the 

nodes increases in the network, route discovery becomes more complicated, because 

centralized node routing zones will highly overlap with each other, hence the route request 

queries will be flooded in to the network, and the intermediate nodes will send same route 

request queries multiple times, hence acquisition delay will have higher percentage as the 

number of nodes increases, so through decrease as number of nodes increase in the network. 

When we had compared this homogeneous scenario with heterogeneous scenario, we found 

that the through put in heterogeneous is better as compared to homogeneous condition as 

shown in fig.5. Considering the CBF traffic the average throughput for heterogeneous cases 

is also more as shown in fig. 5 when compared with homogeneous cases. The graph for 

heterogeneous case is  high in different traffic with 25 ,50,75 and 100 nodes shown in fig.5. 

           
           Figure 6. The impact of network size on    Figure. 7 The impact of network size on                        

              average End to end delay(sec) for CBR                      average Jitter (in sec) for CBR                                                                                                                           
 

For average end to end delay as show in fig.6, in homogeneous case due to same 

conditions (radius)  for nodes with different speed the delay is more and going to increase 

with increase in traffic. which directly affect the throughput as  shown in fig.5 but for 
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heterogeneous cases the delay is less when compared with homogenous case as radius differ 

according to requirement. 

From fig.7 average jitter is also compare between two scenarios and found that it‟s 

better for heterogeneous cases. The packet delivery ratio is higher for larger zone radius as 

the routes maintained by IARP are often useful because of the reduced node mobility. 

However, this increased packet delivery ratio is achieved at the expense of increased IARP 

traffic (and hence increased routing overhead).Two factors that attributed to this behavior: 

first, the routes maintained by the IARP often become obsolete because of the high mobility 

of the nodes; second, smaller zone radius results in reduced IARP traffic and hence less 

contention for the query packets. These experiments show that different mobility nodes prefer 

different zone radii for a better performance. Therefore, it is unlikely to achieve a better 

performance using uniform zone radius for all nodes in the heterogeneous scenarios. 

5. CONCLUSION 

With simulation result, heterogeneous cases of ZRP are analysed, in this different 

node use different zone radii depending on their mobility. Results show that for zrp, 

maintaining a same zone radius of all the nodes in heterogeneous scenarios where all node 

moves with different mobility was not appropriate. The performance of zone routing protocol 

in heterogeneous and homogeneous is compared. Keeping small zone radius for fast moving 

node and large zone radius for slow moving node give better performance parameters like 

Throughput, Average end to end delay are better as compared to Homogeneous scenario. 
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