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Abstract 
 

MANET form on flat infrastructure with shared medium for communication. 

MANET improves quality of service by providing provision for mobile 

nodes to perform communication on slow links. In MANET, the nodes are 

mobile hence effective routing protocols are required to keep communication 

between nodes engaged. The quality of service in MANET depends on the 

type of routing protocol implemented and the occurrence of link failure 

between nodes. Furthermore, the routing protocols should also support 

scalability, as the MANETs are temporally deployed and may need 

expansion. This paper proposes Directional Probabilistic Flooding (DPF) 

optimized using Fish Swarm algorithm (FSA) to improve QOS. The 

performance of foresaid MANET routing protocols are compared with 

AODV, DSDV and Vector Based Directional Flooding (VDF) for analysis. 

The routing protocol was implemented and simulated using NS2 network 

simulator to study the impact of the newly proposed algorithm on various 

network parameters like connection success ratio, end to end delay, 

normalized throughput, energy consumption, and routing overhead. 
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1 Introduction 
 

The Wireless Networks does not have any cables to communicate with 

the other devices. Instead, radio waves are used to transmit the data at 

physical level. This is also called as Wi-Fi or Wireless Local Area Network 

(WLAN). With the help of the WLAN, and Radio Frequency (RF) the 

devices can easily share the data without a wired connection.  

Wireless Operating Modes have three types: 

1. MANET mode. 

2. Infrastructure free Mode or Adhoc Mode 

3. Infrastructure Mode 

Mobile Ad-Hoc Networks is a group of mobility induced nodes that are 

organized to provide a network that is free of any fixed infrastructure. They 

are organized such that a base station is not required within a particular 

MANET framework. As a result a given node can talk to another node, 

within the network range only. Mobile Ad-Hoc Network is a kind of wireless 

ad hoc network which has a routable networking location in the link layer.  
 

1.1 Infrastructure-Based Wireless Network 
  

A set of wireless networks jointly produce a logical wireless network. 

Here an access point is provided which connects all the wireless devices 

within its range. This access point is in turn linked to a wired network. In the 

same manner each set of wireless networks are connected to the wired 

network through access points, forming an Infrastructure based wireless 

network.  

 In Mobile Ad-Hoc Networks, it is not mandatory to have a base station. 

The nodes within the network range can communicate directly. In the link 

layer, the Mobile Ad-Hoc Networks has to perform routing in an efficient 

way. In a MANET, every node can act as a router and they are capable of 

moving independently. Topology changes are expected to occur 

intermittently. A process termed as flooding helps MANETs to adapt to 

frequent topology changes and helps to successfully transmit data.  

In MANETs, the information should be routed through intermediate 

nodes. The intermediate nodes will serve as routers. For effective 

communication multi hoping and single hoping is used. MANETs have the 

ability to set up a network by arranging themselves. In MANETs, the nodes 

are free to travel in all directions. The nodes act as host and router. The 

destination and source nodes act as host nodes and the intermediate nodes act 

as router because the information is transferred via intermediate nodes.   
 

1.2 Design Issues or Challenges in MANET 
 

The major challenges of Mobile Ad-Hoc Networks are: 

1. Security Issues – Ensuring the security of data being transmitted through 

a MANET is a challenging task. Some of the features in MANETs that add to  
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the security issues are shared wireless medium, peer to peer network 

architecture, dynamic network topology etc.  

2. Scalability - In MANETs, ensuring scalability is another major issue. 

Hence clustering techniques are used to enhance the scalability. 

3. Battery Consumption – In MANETs, the mobile nodes derive their 

energy for various operations like data transmission from batteries. Since the 

nodes consume more battery power, the battery is drained quickly. Hence 

intelligent use of battery power by minimizing wastage will enhance the 

network lifetime considerably. 

4. Link Failure – The change in network topology causes link failure. Due 

to mobility the nodes shifts their places resulting in link failure. 

5. Load Balancing – Load balancing can be accomplished in MANETs by 

carefully selecting the intermediate nodes to be involved in routing data 

packets. 

 

1.3 Routing Protocols in MANET 
 

An efficient routing protocol is the core of any MANET service. An Ad-

hoc routing protocol is a concurrence between nodes that maintain routing 

packets among themselves. As the nodes do not have prior knowledge about 

the network topology, the nodes create new routes. Based on the strategy 

adopted for achieving the target of successful route discovery they are 

classified as given below: 

1. Proactive Routing Protocol 

2. Reactive Routing Protocol 

3. Hybrid Routing Protocol 

 

1.3.1 Proactive Routing Protocol 
 

In proactive mechanism a previously existing route is utilized for routing 

purposes. Here in this protocol, all routes to the destination are maintained in 

a routing table. The striking feature of proactive protocols is that, every node 

is required to maintain a routing table that keeps track of the shortest distance 

to all other nodes in the network. The nodes send a control message to 

maintain the routes. DSDV (Destination Sequence distance vector), OLSR 

(Optimal Link State Routing), WRP (Wireless routing protocol) are some 

protocols that adopt proactive mechanism to achieve their routing goals. 

 

1.3.2 Reactive Routing Protocol 
 

Reactive Routing Protocols adopt a reactive strategy for achieving their 

routing targets. When there is route requirement, a new route will be created. 

These protocols try to find route to a particular destination when required.  
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AODV (Adhoc On Demand Distance Vector) and DSR (Dynamic Source 

Routing) follow reactive mechanism for route discovery. 
 

1.3.3 Hybrid Routing Protocol 
 

Completely proactive or completely reactive protocols perform well 

under certain network parameters and settings. The hybrid strategy of routing 

takes advantage of both reactive and proactive approaches. A reactive 

approach is adopted to find routes for nodes that lie near the source node. On 

the other hand, the protocol shifts to a proactive strategy when the source and 

destination nodes are situated farther away. Thus the distance between source 

and destination nodes decides which strategy to adopt, for finding the route. 

Zone Routing Protocol, (ZRP) and Enhanced Interior Gateway Routing 

Protocol (EIGRP) are examples of hybrid routing protocols. 

 

2 Related Works 
 

Mobile Ad-hoc Network (MANET) is a set of autonomous nodes that are 

capable to move from one place to another and does not require any fixed 

infrastructure to support it. Multi-hop routing is adopted by some multicast-

based routing protocols has problems like bandwidth limit and mobility. 

Several papers present various protocols designed based on multiple path 

finding. These routing protocols which try to figure out multiple paths to 

reach the destination are termed as multicast routing protocols. All the 

multicast routing protocols can be classified into two categories: multicast 

routing is based on application independence and multicast routing that are 

dependent on application [1]. 

Channel fading plays an important role in hampering the QOS in 

MANETs. To exploit the importance of channel properties to enhance 

MANET performance, a novel channel adaptive routing protocol is designed. 

This protocol is designed to work along with AOMDV protocol and is 

known as Channel-Aware AOMDV (CA-AOMDV). This protocol selects the 

path having the highest average non-fading duration, for the purpose of 

forwarding data packets. The protocol is specially designed to pre-emptively 

hold paths that are more stable and tends to reuse these stable and reliable 

paths as and when they are available again.[2] 

Proactive protocols generally exhibit a high frequency behaviour 

whereas reactive protocols showcase a controlled network traffic behaviour. 

This protocol attempts to combine the above mentioned features and 

considers multiple factors like node density, node velocity, energy 

availability etc… while making routing decisions. This protocol is highly 

adaptable and hence achieves superior QOS parameters when compared to 

other routing protocols. It is an enhancement of Optimized Link State 

Routing protocol (OLSR) [3].  

 A distributed Hash Table (DHT) is designed to manage the complexity 
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of mapping a physical network (PT) with a logical identifier structure (LIS). 

The implementation of the 3D-logical identifier structure generally there is a 

high demand in MANETs to provide immunity for mobile nodes and their 

traffics from being identified or traced. Although several anonymous secure 

routing protocols have been presented, none of them has been effective. The 

present protocols are easily prone to many attacks such as denial-of-service 

(DOS) broadcasting, fake routing packets etc... To fulfil these requirements 

an authenticated anonymous secure routing (AASR) protocol is designed 

which offers high level security. Particularly, with a group signature, the 

route request packets are authenticated to secure against the strong active 

attacks without broadcasting the node identities. The strategy adopted in the 

Key-encrypted onion routing is the use of a secret route message which will 

protect the data packets from revealing their actual destination to other nodes 

in the network. [5] 

A combination of multicast and unicasting routing strategy is used to 

design a protocol known as “Protocol for Routing in Interest-defined Mesh 

Enclaves”(PRIME). In PRIME, routing is based on mesh enclaves that are 

established such that they cover the sender and receiver nodes. These 

enclaves are activated as per requirement. This means that they are activated 

only when they offer connectivity to the destination node. This in turn 

reduces the overheads within the mesh enclaves. In PRIME, the routes are 

permanent loops. [6] 

Greedy-face-greedy (GFG) protocol was introduced to improve the QOS 

in MANET communication. This protocol sends data packets in greedy 

routing fashion until the data reaches a local minimum. At this point greedy 

forwarding is not possible any further. Hence, this algorithm moves toward 

the next phase namely, face routing protocol which is not as efficient as the 

greedy strategy. For applying this algorithm it is assumed that the primary 

network is planar. This assumption is only a theoretical one and does not 

hold true in practical scenarios. To overcome this limitation, the local 

minimum problem is managed with two new techniques. The algorithm 

overcomes the deadlock caused due to local minima by integrating virtual 

long links to form a small-world network. Using this technique, it is possible 

to break the deadlock produced as a result of local minima challenge. A 

completely greedy routing protocol, called small-world iterative navigation 

greedy (SWING+) routing protocol is designed by successfully combining 

the strategies mentioned above. [7] 

 The nodes that constitute MANETs are capable of reorganizing 

themselves, due to which some nodes move out of range with respect to 

another node resulting in broken links. Identification and maintenance of 

these broken links are accomplished with the help of probe packets. Even 

though these probe packets play an important role in identifying broken 

links, they tend to increase the traffic load and cause congestion in the 

network. Hence an adaptive “hello” message service is adopted to minimize 
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the number of probe packets generated which in turn reduces network 

congestion [8] 

Efficient Power Aware Routing (EPAR) attempts to minimize the energy 

consumption of nodes during each packet transmission. It carefully chooses 

the paths such that minimum energy is spent in data transmission. This 

strategy ultimately results in increasing the lifetime of the entire network.  

 EPAR chooses the path through a mini-max creation, which means it 

selects the path which has more packet capability and at the same time 

spends minimum capacity for residual packet transmission. The EPAR 

protocol can deal with high mobility nodes that frequently change the 

topology of the network. [9] 

 The rate at which energy is consumed by the nodes in the network is a 

critical factor that decides the lifetime of MANETs. Factors like frequency of 

node movement and velocity of nodes may cause the batteries to drain out 

faster effecting the network lifetime. This energy consumption problem can 

be resolved by applying suitable Fitness Function during the path selection 

process. In order to improve the lifetime of AODV, it is modified by 

applying a fitness function giving rise to a novel protocol known as  

Ad Hoc On Demand Multipath Distance Vector with Fitness Function 

(FF-AOMDV). The optimal path from sender to receiver is selected such that 

the energy utilization is minimal. [10] 

 Several applications uses mobile platforms such as the peer-assisted 

wireless communication, manned or unmanned vehicles etc... Even though a 

number of solutions are proposed to resolve the routing issues in MANETs, 

most of them depend on certain assumptions which may not hold true in real 

life situations. For example, it is not likely that MANETs would be fully 

connected during the packet routing process. So a practical routing protocol 

should be capable to manage broken connectivity and not just focus on end-

to-end connections.  

Location-aware routing for delay-tolerant networks (LAROD) is driven 

by the geographical information gathered by a well-designed location 

service, namely the Location Dissemination Service. This LAROD can 

resolve the broken connectivity problem in MANET. The LAROD algorithm 

is designed to route packets with only a little amount of knowledge on 

geographic position because location dissemination consumes more time in 

intermittently connected MANETs. While sending packets, LAROD utilizes 

a beaconless technique together with bids resolution based on position. [11] 

 In the recent years, distributed hash table (DHT) has become significant 

for designing and specifying unconstrained, self-establishing networks. Two 

issues related with the design of routing protocol based on DHT are the 

mismatch problem and the inability to withstand adverse situations that 

affects the efficiency and performance of the DHT-based routing protocols. 

The DHT-based routing protocol exploits the possibility of solving these 

issues from a three dimensional perspective. The physical intra-neighbour  
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relationship is modelled using a 3D structure. A 3D model view is used to 

calculate the physical proximity of a node using a distributed algorithm. [12] 

 Some routing protocols adopted by MANETs are anonymous in nature 

and safeguard the identity of the nodes and hides the routes followed by the 

data packets from outsiders. Most of the current routing protocols that are 

based on anonymity functions by employing encryption at each hop or adopt 

redundant traffic. But the existing approaches involve heavy computation, 

thereby increasing the delay and do not ensure complete identity protection. 

A protocol called as Anonymous Location-based Efficient Routing protocol 

(ALERT) is devised to overcome these limitations. Under this protocol the 

network field is divided into zones using a dynamic algorithm. Next the 

nodes are chosen randomly from these zones to employ them as middle relay 

nodes resulting in the creation of an untraceable anonymous route. It 

effectively ensures the anonymity of the source and destination nodes with 

very less overhead. [13] 

 Location-aware routing is yet another strategy employed by MANETs to 

shape their underlying routing design. Location aware routing protocols tend 

to capture the location of the mobile nodes‟ and utilize this information for 

improving the MANETs performance metrics. But these protocols ignore the 

mobility factor which is crucial to the success of the routing process. The 

relative velocity between the source node and destination node is taken into 

consideration while designing velocity-aided routing algorithms. The 

velocity aided algorithm is further improved using a predictive strategy in 

another protocol known as predictive mobility and location-aware routing 

algorithm (PMLAR). This PMLAR predicts the movement of mobile nodes 

by studying its behaviour. The packet-transmitting region is identified by 

finding the destination node‟s upcoming trajectory. Combining both the 

proactive maintenance and the VAR techniques in the PMLAR algorithm, 

the performance of routing can be enhanced. [14] 

 Opportunistic Routing is a well-known technique in routing mechanisms 

but it is not capable of generating stable and energy efficient path with a low 

overhead, and hence not very popular. A novel source routing protocol with 

proactive approach is presented to overcome these limitations posed by 

opportunistic routing. This routing technique can hold topology details of the 

network to support source routing unlike the distance vector routing protocol. 

Although, this light-weight proactive routing is effective, it has more 

overhead compared to conventional distance vector routing and link-state 

routing. [15] 

 

3 Methodology  
 

 MANET possesses several traditional routing protocols like AODV, 

DSR, DSDV and flooding protocol. These protocols are grouped under 

proactive, reactive, and broadcasting types. Each routing protocol possesses 

its own advantage and disadvantage over Mobile Adhoc Network. Thus, the  
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efficiency of the newly developed routing protocol with some improvements 

in the performance is analysed with the performance of these traditional 

routing protocol. A routing protocol namely Directional Probabilistic 

Flooding technique is introduced which will be grouped under broadcasting 

protocol, which is based on the flooding approach. The probabilistic flooding 

protocol solves the problems that are caused by flooding the data packet in 

the Mobile Adhoc Network. The performance of this algorithm is also 

evaluated by comparing with the performance of the traditional protocols like 

AODV, DSDV and Flooding protocols. In addition, Fish Swarm Algorithm, 

is applied to determine routing path to destination node without 

compromising on network parameters. 
 

3.1 Adhoc on Demand Distance Vector Protocol 
 
 The AODV routing protocol is a classic example of reactive protocol 

which creates route to destination only when demand arises for the same. 

AODV protocol identifies the route to the destination only when required. 

AODV protocol operates in two modes, that is the route discovery mode and 

maintenance mode. Once data is ready to transmit the route REQ packet is 

transmitted to all neighboring nodes in the network. The neighboring nodes 

rebroadcast the REQ packet until it finds its way to the destination node via 

the intermediate nodes. Thus the REQ packet will be retransmitted several 

times before it finally reaches a node that knows a recent path to the 

destination or until the REQ reaches its true destination. The destination node 

responds to the RREQ packet with a RREP packet which is directed towards 

the source node through the path discovered by the RREQ packet. Once the 

source node receives the RREP from the destination it begins data 

transmission by forwarding the data packets through the newly discovered 

path. Whenever a new RREP packet with shortest path information is 

received from neighbor node, the route information will be changed 

accordingly. Thus, AODV routing protocol starts transmitting the data packet 

through the updated best route. 

 However, AODV routing protocol possesses its own advantage over 

other reactive protocols and also possess disadvantages which degrades the 

performance of the network. In case of link failure AODV generates large 

number of control packets to regenerate the broken link. These generated 

control bits, increase the congestion in other active routes, and increase the 

cost to re-establish the broken link. AODV possess higher demand in 

processing. It also consumes more bandwidth to transfer the data packet from 

one node to another. AODV consumes significant amount of time to generate 

new routes. Determining route regeneration time is difficult. The AODV 

protocol fails to maintain its performance metrics when there is an increase 

in the number of nodes in the network. 
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3.2 Destination Sequenced Distance Vector Protocol 
 
 The basic principle behind DSDV routing protocol stems from the 

Bellman-Ford routing algorithm. Working of DSDV is based on the routing 

table held by each node in the network. Every node refers to the routing table 

to obtain information about distance to the destination node. The DSDV 

protocol possesses simple routing table. DSDV routing table utilizes 

sequence number as a parameter to know the freshness of each link. The 

Routing table maintained by the nodes are updated when any changes in 

topology is detected. The changes occurred are then propagated through the 

entire network to keep the routing table up to date throughout the network. 

The updating of routing table is performed as follows: 

 Sequence number of the new route is discovered to reach a particular 

node is compared with the sequence number of the existing entry in the 

routing table. Always the route with the highest sequence number finds its 

place in the routing table. 

 Whenever there is a tie in the sequence number of two available routes, 

the route with the shortest distance is given priority to be entered in the 

routing table. 

The routing table metrics value is incremented each time when the 

routing information is updated. This process continues to keep the routes 

available in the routing table updated despite of the topology changes that 

may occur. Similar to AODV routing protocol DSDV protocol also possess 

its own limitations which affects the routing in the network. The main 

limitation is that the DSDV routing protocol does not support multi path 

communication and thus it relays on a fixed path. Time taken for 

acknowledging the route information is not constant thus more bandwidth 

may be consumed for advertisement. Maintaining routing table for larger 

network is a challenging task. 
  

3.3 Directional Flooding Protocol 
 

Flooding is an inevitable process in both proactive and reactive routing 

strategies which is mainly used for disseminating control packets. Flooding 

is grouped under broadcasting protocol. The broadcasting region of the 

flooding protocol is limited using directional protocol. Thus routing of 

packets can be limited which reduces the delay and increases the packet 

delivery ratio. Figure 1 represents the traditional flooding protocol and 

Figure 2 represents directional flooding protocol. The main concept of 

directional flooding is to reduce the flooding area in the network. The 

limitation of flooding region depends on angle and distance of the immediate 

next intermediate node.  

Location of other nodes in the network is identified using location 

service function. Due to lack of centralised node to initiate routing in 

MANETs flooding protocol provides higher advantage than other 
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reactive and proactive protocols. Directional flooding protocol floods the 

data packet only within an angle θ, as shown in figure 3. The area within 

which the packet is forwarded depends on the location of the destination 

node D, with respect to the location of the source node S. Directional 

flooding protocol provides multi path communication which other routing 

protocols like AODV and DSDV cannot provide. The best path to route the 

data packets is decided by applying the FSA algorithm as explained in 

section 3.5. The only limitation is that the generation of duplicate packets 

affects the throughput of the network. Directional flooding limits the 

duplication of data packets, to further improve the performance of directional 

flooding, a Directional Probabilistic flooding mechanism is introduced. 
 

 
 

Figure 1 Traditional Flooding 

 

 
Figure 2 Directional Flooding algorithm 
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3.4 Directional Probabilistic Flooding 
 

The Directional probabilistic flooding protocol is developed to avoid 

generation of duplicate packets in the network. Receiving the duplicate 

packets increases the consumption of power in the intermediate nodes. This 

limits the lifetime of the communication link and intermediate node. To 

overcome this problem a probability value, p is assigned for every data 

packets routed in the communication path which helps to limit the 

transmission of data packet to the same neighbor nodes for one particular 

direction. In case of larger network more mobile nodes will be placed within 

a particular coverage area and direction. In such cases the flooding protocol 

generates more duplicate packets due to the retransmission of the same data 

packet to neighboring nodes within the coverage region. Thus implementing 

probabilistic value for each node reduces occurrence of duplicate packet and 

avoids the occurrence of congestion in the network.  

In addition to limiting the probability of route request forwarding to 

probability p, the protocol also places restriction on the nodes to which the 

route requests can be forwarded. Thus flooding is restricted in two ways, 

1) The protocol restricts blind flooding by assigning a probability p for each 

node to forward the packet based on the density of the region, 2) Placing an 

eligibility criteria for receiving route request based on the energy level and 

link stability. The nodes that forward the route request packets to the 

destination must possess good stability and energy. It is noteworthy that in 

on demand protocols the routes replies are send back to the source nodes 

through the same path followed by route requests to reach the destination. 

The selected path is later used to forward the data packet to the destination. 

Due to this reason the nodes chosen for forwarding route requests must be 

have good energy and should form stable links with neighbours. Thus to 

accomplish this algorithm, each node must be aware of the status of its 

neighbouring nodes. To gather knowledge about the neighbouring nodes 

hello packets are send at uniform intervals. The information thus gathered is 

stored in an NBR table. The NBR table is created and manages as described 

in section 3.4.1 

 
Figure 3 Area of Flooding Restricted within Angle Θ 
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3.4.1 NBR Table Management 
 

The purpose of NBR table is to maintain a list of all good nodes in the 

neighborhood of a particular node. A node is tagged as a good node if it has a 

high U factor which is calculated as given below. 

Ub =      

 

 
                +    (1-   ) d (t)            (1) 

Where      =0.4, Ei is the energy level of the node and d(t) indicates the 

link stability calculated as given below  

d (t) =     nt-x, t / (x/ α)                                            (2)   

       

Here d (t) is the delivery ratio obtained by the probe packets at time t. 

The denominator, x/ α indicates the number of packets that were supposed to 

arrive in x seconds, nt-x, t is the number of probe packets received within the 

timeframe (t-x) to t. Thus link stability is calculated based on the ratio of 

probe packets actually received at the nodes to the number of probe packets 

estimated to arrive. This method of estimating the link stability is 

straightforward and reliable.  

Thus equation (1) and equation (2) helps each node to calculate their U 

factor. When a node sends a hello packet to its neighbor node, it consists of 

the U value of the particular node calculated based on nodes energy and link 

stability. A neighbor node can find a place in the NBR table only if it has a 

high U factor. The U factor of every node is updated evert t seconds, 

depending on the U value advertised through the hello packets. After 

updating, if a node in the NBR table has a lower U factor than the threshold 

value then it is removed from the table. If no hello packets are received 

within a time frame of 2 t seconds the neighbor is assumed to have moved 

away and hence they are deleted from the NBR table. Figure 4 represent the 

working of directional probabilistic flooding algorithm and figure 5 shows 

the insertion and updating of NBR table entries.  

Whenever a node decides to forward a route request packets with a 

probability p it considers only the nodes maintained in the NBR table as 

good neighbors, all other neighbors are ignored. If a neighbor node in NBR 

table is beyond the angle θ then they are not considered as eligible to receive 

the route request packet. But if only less than two neighbors qualify to accept 

the route request packet then the angle θ is further opened by a factor σ to 

permit more nodes to receive the route request packet.  

Since the nodes for forwarding are chosen from NBR table only high 

energy, stable nodes take part in the route request flooding process. However 

the nodes that receive a data packet forwards it only with a probability p, 

which depends on the node density and energy of the node as explained in 

the algorithm below. 

Algorithm to transmit data packet using Probabilistic-flooding protocol is 

given as follows 

Step 1: Receive the data packet at      
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Step 2: If packet received! = duplicate packet 

 Then set probability p =1 

Step 3: Check if NBR (Node, Battery, Retransmission Rate) table_size based 

on direction == null 

 then return(0) 

 else return NBR table size 

End if 

Step 4: Calculate Probability value, P for required directional nodes. 

 P = ∏       
       
     

Step 5: Compare if P < Pmin  

Then P = Pmin depending on the direction 

Step 6: Return P value. 

Step 7: if P > RN (i) 

Then relay the packet to next neighbour node. 

else drop packet. 

Here a random node is represented as Ni, probability value is represented 

as P. P is initialized to 1 and then updated depending on node density of the 

given region. The probability calculation is done as indicated in step 4. The 

value of Pmin is set to 0.4 and Pmax is set to 0.9. The random number is 

generated by the routing and node N (i) is represented as RN (i).      

denotes the number of adjacent nodes. The density of nodes in the 

neighbourhood of a given node determines the probability P with which that 

node can forward the packet. The P value is set higher when density of 

neighbour node is low and the value will be set low when the density of 

neighbour node is high. This assists the network to reduce the retransmission 

of duplicate packet in the network.  
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Figure 4 Flowchart of Directional Probabilistic Algorithm 
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Figure 5 Flowchart for NBR Table Updating. 
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      The flooding of route requests packets using Directional Probabilistic 

Routing protocol yields multiple paths to the destination. Now the source 

node selects the best path to the destination by selecting the path which has 

highest average energy.  

      The proposed DPF algorithm can be further improved by optimizing the 

path selection process by using FSA algorithm as explained in section 3.5 

 

3.5 Fish Swarm Algorithm (FSA) 
     

     The FSA is inspired by the behaviour of fish to find food rich area. A 

single fish tries to find food either alone, as a swarm or follow another fish 

for direction. The food rich area is occupied by fish swarm. In lonely prey 

behaviour, the fish evaluates food concentration in water by its sensory 

organs and finds food. In fish swarm behaviour, all the fishes assemble to 

evaluate potential threat areas thereby increasing the chances of group‟s 

survival. In follow behaviour, the fish searches for food and a neighbouring 

fish follows the first fish to identify food quickly. The fishes move fast in a 

direction, which has food by evaluating food concentration in water. The 

swarm behaviour of fish confines to specific location, it evaluates the global 

extrema values while leaving local extrema values. This approach increases 

the FSA convergence speed. The Fish Swarm algorithm is applied for routing 

path selection in case of the proposed Directional Probabilistic Flooding 

Algorithm. The FS algorithm analyses behaviour of routing nodes in network 

during data transmission. The FS produces set of nodes with optimal routing 

path. 

 

3.5.1 FS Algorithm 
 

Step 1: Evaluate fitness value for routing path in network. 

Step 2: Evaluate whether, present state routing path condition is better. 

Step 3: Evaluate if data collision can occur due to congestion. The chances 

for congestion for a particular node with radius „r‟ and fitness function is 

given by 

Y= f (xi) =   
 

 
∑                                               (3) 

Step 4: Evaluate alternate path (prey behaviour). The path is selected with 

respect to the residual energy of nodes in its vicinity. The equation is given 

by 

xj = xi +rand (0, 1) ×  visual   (4) 

Where, xj is current state and xi is previous state. 

Step 5: If alternate path does not produce optimal fitness function, then fish 

swarm algorithm is initiated to find new path. The maximum fitness function 

for neighbouring nodes is defined by: 

Ymax =
   
        f (xj)                (5) 

Where, Ni is the set of neighbouring nodes. 
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Step 6: If new path satisfies fitness function, then follow behaviour is 

implemented for data forwarding. 

 

4 Simulation Environment 
 

      The proposed protocols, DPF and DPF optimized using FSA are 

implemented using NS2 simulator. Simulation parameters assigned in NS2 

environment is shown in table 1. The simulation is captured using NAM, 

which is a network animator. After the protocol is run using NAM as per the 

simulation parameters in Table 1, the values are extracted from the trace file 

generated, using Awk script packet trace analyser. Finally X-graph is plotted 

by using the trace analyser.  

 
Table 1 Simulation Parameters 

 

Simulation Parameter Value 

Network Range 1000m x 1000m 

Range for transmission 250m 

Nodes 300 

Type of traffic CBR 

Bandwidth 2 Mbps 

Packet Size 1024 Bytes 

Number of flows 5 

Time 300 s 

Routing Protocols AODV, DSDV, VDF, DPF, 

DPF-FSA 

 

4.1 Network and Mobility Model 
 

      A two dimensional rectangular area of dimension 1000 x 1000 m is 

considered for simulation. This rectangular area represents an open wireless 

medium in which the nodes are distributed randomly. The links between the 

nodes are considered to be symmetrical. Initially all nodes have maximum 

energy but it is gradually reduced whenever a packet is transmitted as shown 

in equation (6) 

DecEnergy = PREV × rcvTime      (6) 

When a packet is transmitted PREV  is replace by PTX 

      IEEE 802.11 physical and MAC layer implemented in NS2 are adopted. 

The physical model used is shadowing model which depends on channel 

fading.  

      In [16] a variety of mobility models are compared. Mobility models 

describe the pattern followed by mobile nodes to move around the network. 

The mobility model describes the location, speed, and direction of the mobile 

nodes. The proposed model has been simulated using random wave point  
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model, since it adopts a simple and straightforward motion for mobile mode. 

In random wave point model, the nodes must wait for a short period of time 

before it moves from one location to another. This wait time is called as 

pause time, which is fixed in case of random wave point model. On the other 

hand the node can move anywhere in the network in any direction, without 

any restriction. The model allows the node to move at a random speed 

chosen from the interval V0 to Vmax.  

 

4.2 Performance Analysis 
 

      The parameters considered for evaluating the performance of the 

proposed routing protocol are as follows. 

 
4.2.1 Connectivity Ratio 
 

      Connectivity ratio indicates the number of successful connections out of 

all attempted connections. The connectivity ratio is indicated at 100% if all 

the route request initiated by a source node successfully establishes a path to 

the desired destination. Connectivity ratio is directly related to reachability. 

 
4.2.2 End to End Delay 
 

      The delay incurred by an individual packet to move cross the network 

and reach its destination. The end to end delay is expressed as shown in 

equation (7) 

E= 
 

 
 ∑

    

       
 
                                     (7) 

Where, d(i) represents the total delay of packets to reach the destination node 

and pktd(i) is the total number of packets that reach the destination node. 

 

4.2.3 Normalized Throughput 
 

      Throughput is defined as the total amount of data packets that actually 

reach the destination node, starting from the source node within a particular 

time period t. The normalized throughput is calculated as in equation (8) 

THNOR = (NS*PS*8) / (TR*TS )                      (8) 

 NS is the total number of successful transmission, PS  represents the size of 

the payload,  TS is the simulated time and TR is the transmission rate. 

 

4.2.4 Routing Overhead 
 

      Apart from data packets, a number of control packets are also generated 

which further increases the total network traffic. The routing overhead is 

expresses as in equation (9) 
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RO= 
 

 
 ∑

      

      
 
                                      (9) 

      Where, cpk(i) is the number of control packets transmitted in the i
th
 

application of the traffic and pkt(i) is the number of data packets transmitted 

in the i
th
 application of the traffic 

 

4.2.5 Energy Consumption 

 

      Every event that occurs during simulation consumes energy. The 

consumption of energy is expressed as in equation (10) 

EC (Tsim)= 
 

    
 ∑          

          (10) 

      Where EC (Tsim) represents the total energy consumed in the whole 

network system during one simulation period (Tsim), n denotes the total 

number of nodes,      represent the energy consumed at a particular node.  

 

5 Result and Discussion 
 

       The performance of the Directional Probabilistic Flooding (DPF) 

protocol and Directional Probabilistic Flooding protocol after optimization 

using FSA is analysed by implementing it in the NS2 simulation 

environment. The performance metrics of DPF and DPF optimized by FSA 

algorithm are compared with AODV, DSDV, and vector based flooding 

(VDF) protocol. 

       Figure 6 is plotted to indicate the connectivity success    ratio attained by 

DSDV, AODV, VDF, DPF, and DPF-FSA. The simulation time is fixed to 

300 seconds. The number of nodes used for simulation is increased in each 

simulation to reach up to 300 nodes. The traffic flow was fixed at 5 

connections. The connectivity success ratio of DPF and DPF-FSA gradually 

improves as the number of nodes increases. When the number of node 

increased from 50 to 250 the connectivity ration increase from 75% to 80% 

and 77% to 85% in case of DPF and DPF-FSA respectively.  

       Figure 7 indicates the routing overhead generated by DSDV, AODV, 

VDF, DPF, and DPF-FSA. The simulation time is fixed to 300 seconds. The 

number of nodes used for simulation is increased in each simulation to reach 

up to 300 nodes. The traffic flow was fixed at 5 connections. Apart from the 

data packets several control packets are also transmitted for route discovery, 

and route maintenance. These control packets increase the traffic flow in the 

network. These control packets contribute to the overhead of the network. As 

the number of nodes increase the overhead incurred in all the protocols 

increases. However AODV and DSDV shows a sharp increase in overhead 

where as DPF and DPF using FSA optimization shows a gradual increase in 

routing overhead.  

      Figure 8 is plotted to indicate the end to end delay in case of DSDV, 

AODV, VDF, DPF, and DPF-FSA. The simulation time is fixed to 300 

seconds. The number of nodes used for simulation is increased in each  
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simulation to reach up to 300 nodes. The traffic flow was fixed at 5 

connections. The end to end delay of DPF and DPF-FSA are least effected by 

the increase in number of nodes in the network. When the number of node 

increased from 150 to 300 the end to end delay showed a marginal increase 

from 0.05 to 0.06 and 0.06 to 0.07 in case of DPF and DPF-FSA 

respectively. 

 
 

                 Figure 6 Connectivity Verses Number of Nodes. 

 

 
 

                      Figure 7 Routing Overhead verses Number of nodes 
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      Figure 9 depicts the energy consumed by the network in mW. The DPF-

FSA and DPF protocol consumes only limited power thus providing 

maximum lifetime of the network. There is a significant increase in the 

energy consumed by the network as the number of nodes in the network 

increases. Other protocols like AODV, DSDV and VDF protocols has higher 

retransmission rate resulting in consumption of higher energy in the network. 

The DPF and DPF-FSA algorithm consumes maximum energy of 300 mW 

and 380 mW respectively, for the simulation time of 300 seconds. 

 

 
 

                     Figure 8 End to End Delay verses Number of Nodes 

 

 
 

                           Figure 9 Energy Consumed verses Number of Nodes 
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      Figure 10 shows that the throughput of DPF-FSA was observed to be the 

highest because of the energy efficient strategies adopted by the protocol to 

enhance the existing AODV protocol. The DPF-FSA outperforms DPF in 

terms of throughput. The increase in density slightly degrades the 

performance of DPF and DPF-FSA.When the number of nodes increase from 

100 to 300, the throughput drops from .9 to .85 and .83 in case of DPF and 

DPF-FSA respectively. The simulation results show that DPF and DPF-FSA 

produce similar outputs due to common nature of flooding mechanism. The 

DPF-FSA throughput remained high due to the adoption of swarm technique. 

The AODV and DSDV protocol experience more loss due to its nature of 

dependency on single communication path. 

 
                            Figure 10 Normalized throughput verses Number of nodes 

 

Comparison of DPF-FSA and directional probability flooding is shown in the 

Table. 2 
Table 2 Comparison of VDF, DPF and DPF-FSA 

 
Parameters VDF DPF DPF-FSA 

Connectivity Success Ratio 65% 80% 85% 

End to End Delay .2 s .1 s .09 s 

Routing Overhead 800 

packets 

500 packets 300 packets 

Normalized Throughput 0.6 0.83 0.90 

Energy consumed 420mW 380mW 320mW 

 

The table 2 indicates the values obtained when number of nodes is set to 

300. It shows that directional probability flooding optimized using Fish 

Swarm  
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algorithm is more scalable and performs better than the directional 

probabilistic algorithm and Vector Based Flooding. 
 

6 Conclusion 
 
 The routing algorithms such as AODV, DSDV, VDF, DPF and DPF-

FSA are simulated in NS2 simulator for MANETs. The routing algorithm 

was implemented to forward data packets to mobile nodes in network and 

their performance characteristics were analyzed. The DPF-FSA and DPF 

perform better when compared to other routing protocol in terms of 

overhead. The DPF algorithm reduces the overhead in MANETs by 

computing the probability of a given set of nodes to receive forwarded data 

in a given location. Furthermore, the DPF algorithm was able to compute 

probability even when the network size increased. Similarly, the DPF-FSA 

implements path selection to destination node via swarm approach. The 

simulation result also validates overhead reduction in network. 
 

Reference 
 
[1] F. M. Luo Junhai, Ye Danxia, Xue Liu, “A Survey of Multicast Routing 

Protocols for Mobile Ad-Hoc Networks,” IEEE Commun. Surv. 

TUTORIALS, VOL. 11, NO. 1, FIRST Quart. 2009, vol. 11, no. 1, pp. 

256–260, 2018. 

[2] X. Chen, H. M. Jones, and D. Jayalath, “Channel-aware routing in 

MANETs with route handoff,” IEEE Trans. Mob. Comput., vol. 10, no. 

1, pp. 108–121, 2011. 

[3] L. Chen, A. Ben Mnaouer, and C. H. Foh, “OPHMR:An optimized 

polymorphic hybrid multicast routing protocol (OPHMR) for Ad Hoc 

networks,” IEEE Int. Conf. Commun., vol. 8, no. 5, pp. 3572–3577, 

2006. 

[4] S. A. Abid, M. Othman, and N. Shah, “Exploiting 3D structure for 

scalable routing in MANETs,” IEEE Commun. Lett., vol. 17, no. 11, pp. 

2056–2059, 2013. 

[5] W. Liu and M. Yu, “AASR: Authenticated anonymous secure routing for 

MANETs in adversarial environments,” IEEE Trans. Veh. Technol., vol. 

63, no. 9, pp. 4585–4593, 2014. 

[6] J. J. Garcia-Luna-Aceves and R. Menchaca-Mendez, “PRIME: An 

interest-driven approach to integrated unicast and multicast routing in 

MANETs,” IEEE/ACM Trans. Netw., vol. 19, no. 6, pp. 1573–1586, 

2011. 

[7] C. Liu and J. Wu, “Virtual-force-based geometric routing protocol in 

MANETs,” IEEE Trans. Parallel Distrib. Syst., vol. 20, no. 4, pp. 433–

445, 2009. 

[8] S. Y. Han and D. Lee, “An adaptive hello messaging scheme for  
 



                                                                                                                  
 

 

 

 

 

 

Performance Analysis of Energy Efficient Directional Probabilistic Flooding and 

Fish Swarm Algorithm Protocol in MANET  12150   

 

 

      neighbor discovery in on-demand MANET routing protocols,” IEEE 

Commun. Lett., vol. 17, no. 5, pp. 1040–1043, 2013. 

[9] Shivashankar, H. N. Suresh, G. Varaprasad, and G. Jayanthi, “Notice of 

Violation of IEEE Publication Principles - Designing Energy Routing 

Protocol With Power Consumption Optimization in MANET,” IEEE 

Trans. Emerg. Top. Comput., vol. 2, no. 2, pp. 192–197, 2013. 

[10]A. Taha, R. Alsaqour, M. Uddin, M. Abdelhaq, and T. Saba, “Energy 

Efficient Multipath Routing Protocol for Mobile Ad-Hoc Network Using 

the Fitness Function,” IEEE Access, vol. 5, no. c, pp. 10369–10381, 

2017. 

[11]E. Kuiper and S. Nadjm-Tehrani, “Geographical routing with location 

service in intermittently connected MANETs,” IEEE Trans. Veh. 

Technol., vol. 60, no. 2, pp. 592–604, 2011. 

[12]S. A. Abid, M. Othman, N. Shah, M. Ali, and A. R. Khan, “3D-RP: A 

DHT-based routing protocol for MANETs,” Comput. J., vol. 58, no. 2, 

pp. 258–279, 2013. 

[13]H. Shen and L. Zhao, “ALERT: An anonymous location-based efficient 

routing protocol in MANETs,” IEEE Trans. Mob. Comput., vol. 12, no. 

6, pp. 1079–1093, 2013. 

[14]K. Ten Feng, C. H. Hsu, and T. E. Lu, “Velocity-assisted predictive 

mobility and location-aware routing protocols for mobile Ad Hoc 

networks,” IEEE Trans. Veh. Technol., vol. 57, no. 1, pp. 448–464, 

2008. 

[15]Z. Wang, Y. Chen, and C. Li, “PSR: A lightweight proactive source 

routing protocol for mobile Ad Hoc networks,” IEEE Trans. Veh. 

Technol., vol. 63, no. 2, pp. 859–868, 2014. 

[16]  Bai, F., & Helmy, A.," A survey of mobility models", Wireless Adhoc 

Networks,University of Southern California, USA, vol.206, p.147,2004. 

 

 

Biographies  
 

 
 

Haripriya Nair, Research Scholar, Department of Computer Science and 

Engineering, Karpagam Academy of Higher Education, Coimbatore, 

Tamilnadu, India. 



                                                                                                                  
 

 

 

 
12151   Haripriya Nair et al. 

 

 
 

B.Arunkumar ,Associate Professor, Department of Computer Science and 

Engineering, Karpagam Academy of Higher Education, Coimbatore, 

Tamilnadu, India. 
 

 

 
 

G.K.D. Prasanna Venkatesan, Dean, Faculty of Engineering, Karpagam 

Academy of Higher Education, Coimbatore, Tamilnadu, India. 

 

 

 

  

 


