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Abstract - Unicast in data networks is the exchange of IP packets between a single sender and a single receiver over a network using 

Transmission Control Protocol (TCP). The effect of the mobility rate on the bandwidth is largely pronounced in such a network which 

generally reduces the overall performance of the network. In this paper, an experimental procedure was implemented to actually 

determine the effect of mobility rate on the bandwidth and how to minimize the effect to the minimum attainable for improved 

performance of Mobile Unicast Data Network. We adopted two test scenarios involving two hosts connected to each other through 

(801.11g) wireless adapter; we run iperf on both laptops and used it to configure one as the server and the other as the client. In the first 

section, the mobility rate of the client is varied while the server is given a fixed position. However, in the second section, we kept all the 

configurations the same as in the first except that the server is now the mobile host and the client is the fixed host. We sent traffic from 

the client to the server for 10secs at 2secs interval and used iperf to measure the bandwidth at each designated mobility rate and observed 

how the bandwidth varies successively when moving either the server or client in each section of the experiment. The measurements 

indicated degradation in the performance of the network by reducing the bandwidth as the mobility rate increased when either of the 

hosts is in motion. We also observed that the effect was more adverse on the bandwidth when the client was in motion as there is a wider 

variation in the measured bandwidth. However, we also observed that the measured bandwidth became narrower when the server is in 

motion. Therefore, to minimize the effect of the mobility rate on the bandwidth of the network, we recommend that the server should be 

the mobile host while the client should be the stationary host. 
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1. Introduction 
 

he rates at which either of the nodes moves in 

Mobile Unicast Data Network (MUDNET) affect 

the key performance indicators of the network such 

bandwidth and throughput negatively. For many data-

intensive applications, such as file transfers or multimedia 

streaming, the bandwidth available to the application in 

the network directly impacts the application performance 

[1]. The idea of bandwidth is fundamental to data 

networks, as it defines the amount of data that a link or 

network path is theoretically able to deliver per unit of 

time.  [8] defines network bandwidth as the theoretically 

maximum transfer throughput capacity of a network. 

Moreover, It’s a measure of how much data can be 

exchanged between source and sink which can be 

measured in bits, megabits, or gigabits per second. It’s 

imperative to know that bandwidth doesn’t actually 

increase the speed of a network; it just appears to make the 

network faster [8]. On the other hand, network throughput 

denotes the size of data that can be achievably transferred 

from source to destination within a given time frame. 

Throughput is a measure of the amount of packets that  

 

 

 

arrive at their destinations successfully. According to [9], 

the maximum throughput is defined as the maximum 

feasible arrival rate. In a simulation scenario, throughput is 

the rate at which the packet is transmitted effectively in a 

total simulation time [12]. Below are descriptions of the 

Factors that affect throughput of ad-hoc network: 

 

1.1 Network Congestion 
 

When a network is flooded with too many packets by the 

sender beyond the capability of the receiver, network 

congestion occurs. On such instances, the network fails to 

handle the traffic properly, leading to poor quality of 

service (QoS) [13]. Generally, the degree of congestion on 

a network also affects the throughput of the network. Also, 

the TCP attempt to fully utilize the network bandwidth 

easily leads to congestion in ad-hoc networks [17], thereby 

affecting the throughput. As a general rule, network 

congestion relates indirectly with throughput. Therefore, to 

avoid congestion-related losses in ad-hoc networks, it is 

necessary to provide proper and efficient management of 

the data rate [15], such as Bandwidth Probe [2], Dual  
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bandwidth estimation method [3] etc. 

 

1.2 Latency 
 

Latency (or delay) is the total time a packet takes to travel 

from sender to destination. The throughput of TCP traffic 

decreases at higher network latency. This is because, 

before another stream of packets can be sent from source 

to destination, the previous stream must be acknowledged. 

Therefore, if the acknowledgment is delayed, the average 

throughput measured over time will also reduce [8]. 

However, the throughput of other kinds of traffic such as 

UDP is not necessarily affected by latency. According to 

[14] broadcast latency is the maximum time taken by any 

node to receive the message. In Simulation environment, 

latency does not vary much with the number of nodes but 

only on the length of the simulation square and the 

transmission range. 

 

1.3 Packet Loss and Errors 
 

Similar to latency, the throughput of a wireless network 

can be affected by packet loss and errors. Retransmission 

of lost packets reduces the average throughput between 

communicating devices. [16] Shows that mobility is 

always the dominant cause for packet loss in ad-hoc 

networks. However, mobility-related packet loss increases 

with communication request. However, congestion-related 

packet loss increases relatively higher with communication 

request. According to [18] it is possible to determine 

packets lost due to a malicious node in the network. So it 

is helpful to identify such nodes and then exclude these 

nodes from being part of the network configuration. Also 

[19] proposes that Packet losses could be minimized by 

using warning message sent to the source node by low 

energy node when 10% of  its total energy remains. This 

will reduce losses due to disconnection of nodes whose 

energy reduces to zero level.  

 

2. Related Works 
 

Several factors in the literatures account for the 

degradation of key performance indicators in mobile 

adhoc data network such as bandwidth and throughput. 

Such factors include the number of active nodes in the 

network, security protocols, number of Resource 

Consumption Attack, and average distance between source 

and destination (Transmission Range).   

 

Mostafa Fazeli et al. [10] compared the throughput 

parameters for different scenarios when the numbers of 

hosts were 5, 10 and 15. They observed through the 

analysis of simulation graphs that as the number of hosts 

increase then throughput also increases. 

 

The literature is flooded with scholarly studies on factors 

that degrade performance of mobile adhoc networks and 

how to improve it. Paschal A. Ochang and Phil Irving 

[4]through an experimental procedure determined that 

introduction of security protocols such as WPA2-PSK 

reduces the performance of wireless networks. The result 

of the study shows that the network performs better in 

terms of throughput in an unsecured scenario than in a 

secured scenario. Similar result was observed in [5], they 

observed that increase in the number of resource 

consumption attack located near the receiver (from 2 – 

10hosts) degrades the throughput by reducing the packet 

delivery ratio and increasing the delay. These effects 

generally degrade the performance of the entire network.  

 

Moreover, [7] examined the effect of 802.11 MAC 

interactions and ad-hoc forwarding on capacity of the 

network for several simple configurations and traffic 

patterns. Their result show that for total capacity to 

increase with network size the average distance between 

source and destination nodes must remain small. Also, in 

Non-local traffic patterns the capacity of each node 

decreases rapidly when the average distance grows with 

the network size. Therefore, increase in transmission range 

has a negative effect on the network capacity. 

 

3. Materials and Methods 
 

This section involves the implementation of experimental 

test scenarios for the purpose of testing for the relationship 

between bandwidth and mobility rate in a mobile unicast 

data network using iperf. Two tests scenarios are actually 

adopted; the first involves measuring the bandwidth of a 

network where the client is enabled to move at a given 

mobility rate while keeping the server stationary, on the 

other hand, the second test scenario involves measuring 

the bandwidth of a network where the server is enabled to 

move at a given mobility rate while keeping the client 

stationary. The bandwidth of the wireless adapter is set at 

54Mbps in other to provide enough bandwidth for the 

traffic, and the wireless network standard used was 

802.11g  

 

3.1 Mobile Client Test Scenario  
 
In the first test scenario tagged net1, the two laptops are 

connected together using their wireless network adapter 

set to ad-hoc mode. The client is put to motion using a car. 

In other to generate network traffic, iperf which is 

software capable of generating network traffic was used to 
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generate TCP traffic from the client to the server for 

10secs. The iperf which is also a network analyzer 

software is used to analyze the TCP traffic and measure 

the available bandwidth at the mobility rate of 2,8m/s, 

5.6m/s, 8.3m/s, 11.1m/s, 13.9m/s, and 16.7m/s .  

 

3.2 Mobile Server Test Scenario 
 

In this test scenario also tagged net2, the same process 

carried out in the Client in Motion test scenario is also 

applied, but in this case the server is put to motion while 

the client is kept stationary. TCP traffic is generated from 

client to server while measuring the bandwidth at same 

nodal velocities respectively. 

 

4. Results and Discussion  
 

In this section the experimental results are presented and 

analyzed. Experimental data are presented when client is 

in motion and when server is in motion. 

 
Table 1. Average Bandwidth of TCP Traffic for both Test Scenarios 

 

Mobility rate Net 1 Net 2 

2.8 19.85 18.1 

5.6 17.4 17.5 

8.3 14.1 16.95 

11.1 8.08 16.95 

13.9 16.95 16.95 

16.7 16.95 16.95 

 
Fig. 1 Average Bandwidth Vs Mobility rate 

The default target bandwidth for TCP connections in iperf 

is unlimited, so it reports the bandwidth used per 

connection. From Table 1 above showing the bandwidth of 

Net1 and Net2 at the corresponding mobility rate, one will 

notice a descendent variation in the measured bandwidth 

of the network in both scenarios as the mobility rate 

increases. The variation in the bandwidth is more 

pronounced in the first scenario where the client is the 

mobile host than in the second scenario where the server is 

the mobile host as shown in figure 1. The reduction in the 

bandwidth of the two scenarios as the mobility rate 

increases shows that increase in the rate of movement 

reduces the throughput of the network which also led to a 

degradation effect on the general performance of the 

network. 

 

4.1 Statistical Analysis 
 
The averages of the bandwidth in the first and second 

scenario are 15.56 and 17.23 respectively. Moreover, the 

standard deviations of both scenarios are 4.09 and 0.48 

respectively. By statistical analysis, the measured 

bandwidth of the first test scenario are widely spread when 

compared to the average value, this is validated by its 

higher standard deviation of 4.09. The measured 

bandwidths in the second test scenario are very close to the 

average as a result of its very low standard deviation of 

0.48. The high standard deviation of the measured 

bandwidth in the first scenario shows a much higher 

impact of speed on the bandwidth of the network when the 

client is in motion than when the server is in motion. 

 

5. Conclusion 
 

In this paper an experimental procedure was implemented 

to actually determine the effect of mobility rate and how to 

minimize the effect on the performance of Mobile Unicast 

Data Network. We adopted two tests scenarios; in the first, 

the bandwidth of a network (Net1) where the client is 

enabled to move at a given mobility rate while keeping the 

server stationary were measured at designated mobility 

rates, on the other hand, in the second test scenario we 

took measurement of the bandwidth of the network (Net2) 

where the server is enabled to move at corresponding 

mobility rate while keeping the client stationary. We 

observed that as the mobility rate increases, the bandwidth 

of both networks decreased resulting to general 

performance degradation. Moreover, the impact was more 

pronounced when the client was put to motion than when 

the server was in motion. On this premise, we conclude 

that to minimize the effect of mobility rate on the 

bandwidth of a mobile unicast data network, the client 

should be stationary while the server could move. 
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Moreover, the statistical analysis show that the effect of 

movement could be masked to a very good percentage 

since the standard deviation of Net2 is as low as 0.48. This 

study did not consider the effect of the distance between 

the server and the client which could form the bases of our 

next study.   
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