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Abstract 

 

Mobility models are used to evaluated the network protocols of the ad hoc network using the 

simulation.  The random waypoint model is a model for mobility which is usually used for 

performance evaluation of ad-hoc mobile network. Mobile nodes have the dynamic mobility 

in the ad hoc network so the mobility model plays an important role to evaluate the protocol 

performance. 

In this article, we developed modify random waypoint mobility (MRWM) model based on 

random waypoint for the mobile ad hoc network. In this article, the comparative analysis of 

modifying random waypoint mobility and random waypoint model on the ad hoc On-Demand 

Distance Vector (AODV) routing protocol has been done for large wireless ad hoc network 

(100 nodes) with the random mobile environment for the 1800s simulation time.  To enhance 

the confidence on the protocol widespread simulations were accomplished under heavy traffic 

(i.e. 80 nodes) condition. The proposed model protocol has been investigated with the 

performance metrics: throughput; packet delivery ratio; packet dropping ratio; the end to end 

delay and normalized routing overhead. The obtained results revealed that proposed modify 

random waypoint mobility model reduces the mobility as compared to the random waypoint 

mobility model and it is trace is more realist. 

 

Keyword: Protocol; Mobile ad hoc network; Mobility Model; Random Waypoint Mobility; 

throughput. 

 

 

1. Introduction  

Mobile communication is an increasingly imperative part of every business [1]. To optimize 

the performance of mobile network different networks structure are suggested. The mobile ad 

hoc network is the multi-hop mobile node communication in the wireless environment without 

having any static arrangement [2]. A node in a wireless network is moveable, and its movement 

is random in nature. Thus it is complicated to develop the protocol for such an environment. 

The wireless network can be established in any structure and nodes are able to communicate 

within the transmission range. If the destination node within the range of the source node then 

the receiver node directly received the data otherwise sender node transmits the data through 

the intermediate node. Due to this reason, routing is required in the wireless network [3-4] with 

dynamic network topology [5]. The traditional protocol designed for the fixed infrastructure 

network so that is not suitable to use for the MANET network. In such a dynamic environment 

of the node, it is difficult to develop routing protocol that able to offer serves like routing, 
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quality of service, resource management, network operation, and management for the mobile 

network. A routing protocol for such a dynamic wireless network can be design by considering 

the speed and mobility pattern of the node in the network. Thus it is very important to identify 

and trace of the node mobility pattern and its effect on the network as well as the protocol 

performance. 

Different models are suggested so far to verify the various protocols. In which, a random 

waypoint model is one of the most preferable among those models. Some of the models are 

based on the mitigating black hole effects through detection and prevention (MBDP-AODV) 

based on a dynamic threshold value of the destination sequence number [6], another model for 

improve the traffic load in the network and identify a short and secure route detect a number 

of malicious nodes [7]. This model described the black hole detection using dynamic source 

routing (DSR) algorithm for a small network (i.e. 30 nodes) [8], another model is based on a 

trust-aware scheme to detect the intrusion in the MANET to improve the trust factors along 

with the direct trust, indirect trust, and the recent trust [9] and enhanced random mobility 

model, which belongs to the class of random direction models in which the movement trace of 

individual mobile is considered for short simulation time (i.e. 300sec)[10]. 

It is difficult to obtain real-life mobility patterns or trace-based mobility models [11] to 

analyze the wireless ad hoc network. In this study, we have examined that effect of random 

mobility (or trace-based mobility models) and random waypoint mobility model on routing 

protocol in MANET. 

In this article, section 2 provides detail about the mobility model, section 3 described the 

comparative study of the random waypoint model and proposed model, section 4 discussed the 

all obtained results and section 5 present the conclusion of the proposed work. 

 

2. Mobility Model 

Mobile ad hoc network node has the random mobility, so to check the performance of the 

protocol, it is required to develop mobility model that defined the movement of the node, 

velocity or it describes the characteristic of the node. There are numerous protocols that are 

proposed by the researcher and protocol have the particular advantages and disadvantages 

based on the network scenario. Consequently, it is very imperative that select the protocol 

based on the mobility pattern. To represent the wireless mobility researcher proposed many 

mobility models such as random walk mobility model [12], random waypoint mobility 

model[13], random direction mobility model [14], boundless simulation area mobility model 

[15], Gauss–Markov mobility model [16], probabilistic version of the random walk mobility 

model [17] and City Section Mobility Model [18]. 

It broadly classified into two categories: trace and syntactic. Real-life mobility pattern of the 

node created in trace-based mobility model [19]. But to develop such mobility model and 

generate mobility trace become the major challenges for long observation time and the large 

mobile ad hoc network [20]. The various models are already proposed to represent the real-life 

realistic mobility pattern and characteristic[21]. Recent work evaluates the protocol 

performance based on the syntactic mobility model [22]. 

Individual mobile movement and group mobile movement are the two type of the systematic 

mobility model [23]. Mobility model characterizes the node mobility pattern in the network 

with respect to time in different network circumstances and other mobility model developed 

that represents the group of the node traversing pattern. Node moves randomly in the network 

so in syntactic mobility considered the randomness of the node and based on the randomness 

it classified into constrained topology-based models and statistical models. Constrained 

topology models consider partial randomness and in statistical model consider the randomness 

or the nodes. It allowed to node moved randomly anywhere in the network with the properly 
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defined speed and direction [24]. Based on the features mobility models classified into four 

types as shown in figure 1: 

 

 
 

Figure 1: Classification of Mobility Model on the basis of the random models, mobility with 

temporal dependency, models with spatial dependency and model with geographic restraction 

 

 

Random Models: Node moves randomly like the statistical model and based on the 

randomness properties it further classified into waypoint, random direction and random walk 

mobility. 

The model with Temporal Dependency: In this model, Based on the effect of the node 

movement history mobility model patter decided. It further classified into Gauss–Markov and 

smooth random mobility model. 

The model with Spatial Dependency: In this mobile model, mobile node travel in an 

interrelated manner. Example: Reference point group mobility model and Spatially correlated 

mobility models. 

Models with Geographic restriction: Based on obstacles, streets and freeways mobility 

model developed. Example: pathway mobility model and obstacle mobility model. 

 

3. Random Model 

In the simulation-based evaluation of the wireless network, it is a very important role in the 

mobility model. Based on the different network protocol and scenario researcher chose the 

different mobility model for the protocol simulation [25,26,27,28]. Random mobility model is 

more commonly and frequently used by the researcher for the evaluation of the ad hoc protocol 

performance using the NS2[29] and GloMoSim[30] simulator[31,32]. In this article, we have 

done a comparative analysis of AODV [33] routing protocol performance in the random 

waypoint mobility model and the proposed mobility model. 
 

3.1 Random Waypoint Mobility Model: 

In this model node velocity, time and random destination point (x, y)  coordinate decided 

randomly when node reach at the destination also it pause for some amount of time at the 

destination. Pause time at destination will be decided according to the more random variable 

after the pause time expire it repeat the node mobility movement and it decides the new 

velocity, pause time and destination coordinate. Similarly, it repeats the process. Starting and 

destination position defined as the waypoint and node travel distance between the starting to 

the destination waypoint is called the transition length 
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. 

 
 

Figure 2:Random waypoint mobility model traveling pattern of a mobile node in random 

direction with variable speed.  
 

Figure 2. shows the example of the random waypoint mobility model. In the article, we 

investigated initially ad-hoc network all the node randomly distributed in the simulation area. 

Initial randomly chouse the node coordinate (133,180), speed of the node defined between the 

0 to 10 m/s and pause time decided to zero.  

To capture and quantify the model speed notion, Johansson, Larsson and Hedman et al.[34] 

proposed the mobility metric to measure the relative speed between the node I and j at time t 

is given in equation (1) 

 

𝑅𝑆(𝑖, 𝑗. 𝑡) = | 𝑉𝑖(𝑡)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  − 𝑉𝑗 (𝑡) ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  /𝑀|  …….. (1) 

 

The mobility metric 𝑀̅ is calculated as the measure of relative speed averaged over all node 

pairs and over all time. It can be defined as eqn (2) 

 

𝑀̅ =
1

|𝑖.𝑗|
 ∑ ∑

1

𝑇
 ∫ 𝑅𝑆 (𝑖, 𝑗, 𝑡)𝑑𝑡

𝑇

0
𝑁
𝑗=𝑖+1

𝑁
𝑖=1    …… (2) 

Where | i.j| is the number of distinct node pair (i, j), n is the total number of node in the 

simulation field (i.e., ad hoc network), and T is the simulation time. 

 

CMU Monarch group added the extension in the NS2 to create the wired as well as wireless 

simulation environment [35]. For the evaluate the routing protocol performance, “set dest” 

tool included in the Network Simulation (ns 2) to generate the Random Waypoint model for 

the routing protocol. 
 

3.2 Modify random waypoint mobility (MRWM) Model 

In real life, ad hoc network node move randomly and due to this the topology of the network 

change dynamically. So in the proposed random mobility model having node move randomly 

without any restriction in the network. Also node mobility direction, Speed and destination 
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point (x, y) very dynamically. To analyze routing protocol performance, we generate dynamic 

random mobility in network simulator: 

 

       $ set mobility [lindex $argv 0];    # Dynamic mobility file. This is used for random 

mobility using for loop which is not used in Random 

waypoint Model. 
 

Node move randomly in the network and its location speed and direction vary with respect to 

the time. So, in this analysis, for the same scenario we generate result for ten time and take 

average result of them. 

 

4. Experiment Work:  

Comparative analysis for AODV routing protocol performance in the modify random waypoint 

mobility (MRWM) and random mobility model has been carried out using the Network 

Simulator 2 (NS2). The parameters specification for proposed work is given in table1.       

      

                   Table 1:Parameters Specification is choose for the experiments 

Parameter Typical Value 

Simulator Version NS-2.35 

Routing Protocols AODV 

Network Space 600 m x 600 m 

No. of nodes 100 

Mobility Model  Modify Random Waypoint Mobility 

(MRWM) and Random Waypoint Mobility 

Speed  Min 1m/s to Max 10m/s 

Traffic Type  UDP 

MAC Protocol  IEEE 802.11 

Simulation Time 1800s 

Packet Size  512 
 

In the comparative analysis, we have used the ad hoc network having the 100 mobile nodes 

and AODV routing protocol for the data transmission in the network. To check the effect of 

the mobility on the protocol, we increase the traffic in the network. Initially, we analyse AODV 

protocol performance in the network by using 100 number of node and 10 communicating 

nodes for the simulation time of the 1800sec after that we increase the traffic in the network by 

the 10 up to the 80 communicating nodes. In the proposed work, we consider random mobility, 

so the node moves randomly in the network with the velocity of 10 m/s. The results carried out 

by considering the average of the 10 times pattern for each set of the node.   

 

5. Results Analysis  

For the comparative analysis has been of proposed MRWM with random mobility on network 

protocol performance is carried out with four performance parameters as discussed below: 
 

Throughput: It measures the ratio of the total number of the data received at the receiver from 

the sender to the time taken by the receiver to receive all the data.  
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Figure 3: Throughput verses number of nodes for the proposed model(purple color with dash 

marker) and random waypoint model(green color with cross marker) having similar throghtput 

upto 20 nodes.  
 

 

Table 2: Throughput analysis of proposed model with RWP for different nodes 

Throughput  

Number of node 
Modify random waypoint 

mobility (MRWM) 

Random Waypoint Mobility 

(RWP) 

10 147.952 148.52 

20 297.709 301.46 

30 302.650 320.00 

40 267.003 306.61 

50 205.784 261.84 

60 158.587 245.89 

70 140.816 196.91 

80 131.620 177.31 
 

Figure 3 shows the AODV protocol throughput analysis in the Modify random waypoint 

mobility (MRWM) and random waypoint mobility model. The value of the throughput for 

different nodes are given in table 2.  

 In the modify random waypoint mobility (MRWM) node mobility more dynamic compare to 

the random waypoint mobility So as the number of the connection (10 to 80 communicating 

node)increase in the network effect of the dynamic mobility also increase and it drops more 

number of the packet in the network compare the random waypoint mobility. At 10 

communicating node, the modify random waypoint mobility (MRWM) throughput is 147.952 

kbps and random waypoint mobility (RWP) throughput is 148.52 kbps. As the communicating 

node increase to 80, the throughput of PRM is 131.620 kbps and RWP is 177.31. 
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Normalized Routing Overhead: It is defined as the total number of routing packets to the 

total number of delivered data packets at the destinations. Normalized routing overhead for 

both models at the different number of nodes is shown in figure 4. The obtained values of the 

normalized routing overhead are given in table3. 
 

 
 

Figure 4: Normalized Routing overhead for the modify random waypoint mobility 

model(purple color with dash marker) and random waypoint model(green color with cross 

marker) having similar throghtput upto 20 nodes after 20 nodes the MRWMM maximum  

overhead packets.   

 
 

Table 3:Normalized Routing Overhead  
 

Normalized Routing Overhead 

Number of node 
Modify random waypoint 

mobility (MRWM) 

Random Waypoint Mobility 

(RWP) 

10 0.9964 0.882 

20 1.3501 1.205 

30 2.7648 2.052 

40 4.4805 2.931 

50 8.6825 4.856 

60 14.2796 5.766 

70 18.1753 9.364 

80 20.1124 11.718 

 

In proposed MRWM node destination coordinate (x.y), speed and pause time very dynamically 

compare to the random waypoint mobility and we have take average of 10-time result for each 

set of node. Due to this, it is more difficult to maintain the routing path in the network and the 

more number of the routing packet required compare to the data delivered at the destination 

node. So the normalized routing overhead in the modify random waypoint mobility (MRWM) 

is higher or increase as the traffic increase form 10 to 80 node in the network. As traffic increase 

from 10 to 80 nodes the normalized routing overhead of MRWM and RWP increase from 0.996 

to 20.112 and 0882 to 11.718 respectively in the 100 nodes network. 
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Packet Dropping Ratio: It is defined as the total number of packet loss divide by the total 

number of packets sent.  

 

In dynamic node mobility or modify random waypoint mobility (MRWM) model have 

unpredictable node movement, velocity and node coordinate (x, y) in the network compared to 

the random waypoint model. The packet drop ratio for MRWM and RWM is shoen in the figure 

5, it is revealed that the more number of packet drop in the modify random waypoint mobility 

(MRWM) model compare to the random waypoint mobility at 10 nodes the packet dropping 

ratio of the MRWM and RWP is 0.964 and 0.63 respectively. All other value for different 

number of nodes are given in table 4.  

 As the traffic increase in the network the packer dropping ratio also increase in the MRWM 

compare to the RWP model. MRWM and RWP packet dropping ratio at 80 nodes are 89.03 

and 81.14 respectively. 

 
Figure 5: Packet Dropping Ratio for the modify random waypoint mobility model(purple color 

with dash marker) and random waypoint model(green color with cross marker) verses number 

of nodes.  

 

Table 4:Packet Dropping Ratio 

Packet Dropping Ratio 

Number of node 
Modify random waypoint 

mobility (MRWM) 

Random Waypoint Mobility 

(RWP) 

10 0.964 0.63 

20 4.747 3.53 

30 38.259 24.84 

40 58.907 43.00 

50 74.584 61.64 

60 83.699 66.27 

70 87.585 75.69 

80 89.03 81.14 
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Packet Delivery Ratio: it is defined as the total number of packets successfully received by 

total number of packets sent. 
 

We analyzed the network performance in the network space of 600 m x 600 m. As shown in 

figure 6, during the less traffic (10 nodes) performance of the AODV protocol more stable 

compare to the higher traffic. The value of the packet delivery ratio for network space is given 

in table 5. Now, as traffic increase within the network space 600m to 600m, it will be dropping 

more number of the packet. As node increase from 10 to 80 the packet delivery ratio of the 

modify random waypoint mobility (MRWM) and random waypoint model is also decrease 

from  99.036 to 10.97 and 99.37 to 18.86 respectively. 

 
 

Figure 6: Racket Delivery Ratio for the modify random waypoint mobility model(purple color 

with dash marker) and random waypoint model(green color with cross marker) having similar 

ratio of less number of nodes but vary for greater number of nodes. .   

 
 

Table 5: Packet Delivery Ratio 

Packet Delivery Ratio 

Number of node  MRWM  RWP 

10 99.036 99.37 

20 95.253 96.47 

30 61.741 75.16 

40 41.093 57.00 

50 25.416 38.36 

60 16.301 33.73 

70 12.415 24.31 

80 10.97 18.86 
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End-to-End Delay: Average time required by all the data to deliver to their destination. 

 

As traffic increase in 100 node large network, required end to end dealy in modify random 

waypoint mobility (MRWM) is highere compare to the randam waypoint model. Due to the 

dynaminc mobility the Modify random waypoint mobility (MRWM) model packet routing 

pathe change more frequently compare to randam waypoint model. So it increase the delay in 

the network to deliver the packet at the destination. From the figure 7 and table 6, it conclude 

that the as traffic increase (10 to 10 nodes) in the network the end to end delay of Modify 

random waypoint mobility (MRWM) and random waypoint model also increase from 0.044 to 

7.844 and 0.04 to 7.53 respectvely. At 80 traffice nodes dealy in MRWM (7.844) model is 

larger at compare to the RWP (7.53).   

 
 

Figure 7:End to End Delay the modify random waypoint mobility model(purple color with dash 

marker) and random waypoint model(green color with cross marker)  
 

 

Table 6: End to End Delay 

End to End Delay 

Number of node 
Modify random waypoint 

mobility (MRWM) 

Random Waypoint Mobility 

(RWP) 

10 0.044 0.04 

20 0.198 0.17 

30 3.344 1.88 

40 5.705 3.87 

50 7.048 5.98 

60 7.450 6.56 

70 7.720 7.27 

80 7.844 7.53 
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6. Conclusion 

In this study, we proposed Modify Random Waypoint Mobility (MRWM) model. The 

comparative analysis of the proposed model with random waypoint mobility (RWP)  

environment has been carried out on AODV protocol performance for the large mobile ad-hoc 

network (i.e.100 nodes) with the traffic increase in the network up to 80 nodes. Effect of the 

MRWM and RWP environment on AODV protocol has been analyzed with the performance 

metrics such as throughput, packet delivery ratio, packet dropping ratio, end to end delay and 

normalized routing overhead. As traffic increase from 10 to 80 nodes with 100 mobile nodes 

the AODV protocol throughput increase from 147.952 to 131.620 bits/sec and 148.52 to 177.31 

bits/sec in MRWM and RWP respectively. Due to the dynamic mobility more, packet drop and 

less number of the packet deliver in MRWM compare to RWP. As more packet drop, to 

maintain the routing path protocol required to send more number of routing packet in the 

network so at 80 nodes traffic the NRO in   20.1124 & 11.718 in MRWM & RWP respectively. 

Also, increase the end to end delay in the network. From the comparative result, it concluded 

that the MRWM model mobility patter more real-life mobility pattern compare to the RWP 

mobility model. 
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