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ABSTRACT : Transmission Control Protocol (TCP) is a reliable, end-to-end transport protocol, which is most widely used for data services 

and is very efficient for wired networks. However, experiments and research showed that TCP’s congestion control algorithm performs very 

poorly over Wireless Ad Hoc Networks with degraded throughputs and severe unfairness among flows.In this paper, a deep study has been 

conducted in order to study the factors that cause congestion in an ad hoc wireless network. Our main focus in this report has been to simulate 

and study the effect of change in topology and number of users on network congestion. Apart from that, the effects of network congestion and 

the importance of its study have also been highlighted. Congestion is a critical factor, in determining the quality of network. It also determines 

the dependability and sustainability of a network. Deploying new network infrastructure to tackle congestion problem is not economically 

viable solution, hence it is important to understand the reasons behind such network operation conditions and then design suitable methods to 

overcome them. In this paper, various network behaviors’ have been simulated using OPNET Modeler 14.5 to study how node’s buffer space 

gives impact to the in-flight packets in ad hoc environment by also taking mobility and power consumption into consideration. With a 

controlled size of users ( ) the network condition has been simulated. Performance has been measure on 

several parameters such as throughput, number of packets dropped, and retransmission count and end number of users changed.  
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I. INTRODUCTION 

Wireless Ad Hoc Networks are multi-hop wireless networks. 

A Wireless Ad Hoc Network consists of mobile platforms 

(e.g., a router with multiple hosts and wireless communication 

devices) – herein simply referred to as “nodes” – which are 

free to move about arbitrarily [8]. Wireless Ad Hoc Networks 

can be easily deployed with or without the support of existing 

infrastructure. Figure 1-1 is an example Ad Hoc network 

which uses gateways as the connection between the wired and 

wireless parts, which is referred to as a Wireless Ad Hoc 

Access Networks. 

 

Figure 1:An Example Wireless Ad Hoc Access Network. 

 

A. Ad Hoc WLANs 

The word “ad hoc” refers to making or happening only for a 

particular purpose or need, not planned in advance [3]. In 

networking context, ad hoc network is an IEEE 802.11 

networking framework, in which nodes communicate directly 

with each other without the use of an access point, by which it 

can connect or communicate with the network. An ad hoc 

mode is also referred to as a peer-to-peer mode that is useful 

for establishing a network where infrastructure does not exist 

or where services are not required [5]. In   ad  hoc wireless 

LANs, all nodes working ad hoc mode and form a network a 

dynamically without any existing infrastructure or topology. 

The nodes adjust accordingly with the topology change and 

hence are very robust. Also, since it does not utilize expensive 

network switches or other access and control points, it is a low 

cost solution. Due to the flexibility, robustness, and dynamic 

structure of such networks, ad hoc wireless LANs have made a 

way significantly into the business, military and personal 

communication sectors in a very short time [2]. The early 

groundbreaking research for ad hoc wireless LANs was 

supported by the Defense Advanced Research Projects Agency 
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(DARPA) and the Navy in US [4, 6]. Despite many advances 

over the last several decades in wireless communications, in 

general, and ad hoc wireless networks, in particular, the 

optimal design, scalability, performance, and fundamental 

capabilities of these networks remain poorly understood, at 

least in comparison with their wireless network paradigms and 

a lot of “daylight” remains in this field of research. However, 

with enormous potentials for such networks, ad hoc networks 

primarily support data networks, but it has been envisioned 

recently to enter to home networks, wireless device networks, 

distributed control systems, and sensor networks etc. In the 

following subsections, the network architecture, routing and 

scalability of an ad hoc network are described. 

B. Congestion Control 

Congestion is an unwanted situation in networked systems, 

where the part of the network is being offered more traffic than 

its rated (desired) capacity. Congestion can be disastrous for a 

data transmission system as it manifests itself as depletion of 

resources that are critical to the operation of the system. These 

resources can be CPU, buffer space, bandwidth etc. Resource 

crunch will lead to lengthening of various queues for these 

resources. Due to finite length constraint, many packets may 

eventually get dropped, which, in turn, will deteriorate the 

response time of the system beyond permissible limits due to 

retransmission requests. “Congestion Control” refers to the 

mechanism of combating congestion, which makes sure the 

resources are used optimally and the system has maximum 

data throughput with the given conditions. 

 

The main objective of congestion control is to make sure the 

system is running at its rated capacity, even with the worst 

case overload situations. In certain systems, this is ensured by 

restricting certain nodes to transmit at the maximum capacity 

or to make use of certain resources monotonously. Doing this 

enables optimal usage of resources for all the nodes in the 

system with a measurable quality-of-service (QOS). In some 

systems, there are built-in mechanisms that does not allow 

congestion situation to take place and every node keeps track 

of system statistics and resources. This is often knows as 

“congestion prevention” or “Congestion 

Avoidance”.Congestion control is necessary for systems, 

whose nodes do not keep track of such statistics or do not keep 

resource information. In such systems, the nodes participate in 

the network, in which the topology changes very often and the 

network statistics also vary randomly.  

 

As such the control of congestion becomes an issue of the 

nodes that act as bridges. Ad hoc networks are examples of 

such scheme. In this thesis, the terms congestion control and 

congestion avoidance will be used synonymously with the 

ultimate aim to keep the total networked system free of 

congestion. Congestion control can either be rate-based control 

or buffer-based control depending on how the actual control is 

done. Most of the rate-based congestion control algorithms are 

applied during routing of data from node to node. In multi hop 

routing, thus, congestion takes place on every hop and is 

termed hop-by-hop congestion control. However, for single 

hop routing congestion is only an end-to-end issue and more of 

rate adjustment of the source rather than destination. A major 

open challenge for research still remains for congestion control 

of large ad hoc wireless networks, where single hop routing is 

virtually impossible [1]. 

 

II. OBJECTIVE 

A network link is said to be congested when the offered load 

on the link reaches a value close to the capacity of the link. In 

a similar manner, wireless network congestion can be defined 

as the state in which the transmission channel is close to being 

completely utilized. Due to popularity of wireless ad hoc 

network technology in the market it has become necessary to 

study and manage the effects of congestion in the wireless 

networks. The objective of our research is to study how node’s 

buffer space gives to the in-flight packets in ad-hoc 

environment by also taking the mobility and power 

consumption into consideration. This will also enable us to 

conduct a deeper study to understand network congestion in 

ad-hoc networks.In wireless networks, the congestion control 

protocols and methods are very different from the conventional 

wired networks. Specially, in the case of ad-hoc networks it is 

hard to control network congestion, as every node behaves like 

a router. The congestion will vary with different topologies, 

methods of network deployment, mobility, channel utilization 

and power consumption at node level. We will try to simulate 

various network environments with different number of users 

and then study the network on parameters like throughput, 

delay retransmission attempts, packets dropped etc. 

 A. Objectives include: 

1. To simulate various network topologies of ad-hoc 

network and vary the number of users in various 

cases. 

2. Study the effect of node’s buffer space on in flight 

packets of the network. 

3. Vary the power consumption and topology of 

networks to study the effect of network congestion, 
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and how they may or may not be an important 

contributor towards network congestion. 

4. Represent the results on various standard parameters 

such as throughput,retransmission attempts , packets 

dropped etc. 

5. Conduct a deep study to understand network 

congestion in ad-hoc networks. 

III. LITERATURE   REVIEW 

Congestion is an unwanted situation which takes place in the 

access points in the networks that have limited resources, such 

as buffer length. Also, the fact that large networks often have 

nodes having different input and output rates, congestion can 

take place in such access points, as well. Congestion control 

has been a serious issue in communication networks and is a 

key to network performance. Early works in congestion 

control are based on the modern Internet technology, where the 

access points are well defined and are administered by 

dedicated nodes. But due to lack of these infrastructures, 

congestion in ad hoc wireless LANs cannot be dealt in exactly 

the same way as that in the Internet, even though the basic 

purpose is the same. In the following sections, we look into 

different literatures to describe how congestion control 

algorithms have matured from that in Internet to ad hoc 

wireless LANs and how these algorithms affect the congestion 

in different scenarios [20].“Joint Scheduling and Congestion 

Control in Mobile Ad-Hoc Networks” In this paper the author 

suggest the  study the problem of jointly performing 

scheduling and congestion control in mobile adhoc networks 

so that network queues remain bounded and the resulting flow 

rates satisfy an associated network utility maximization 

problem. However, this work typically does not address a 

number of issues such as how signaling should be performed 

and how the new algorithms interact with other wireless 

protocols. 

 

In this paper we address such issues. In particular:  

 

• We define a specific network utility maximization problem 

that we believe is appropriate for mobile adhoc networks.  

• We describe a wireless Greedy Primal Dual (wGPD) 

algorithm for combined congestion control and scheduling that 

aims to solve this problem. 

• We show how the wGPD algorithm and its associated 

signaling can be implemented in practice with minimal 

disruption to existing wireless protocols. 

• We show via OPNET simulation that wGPD significantly 

outperforms standard protocols such as 802.11 operating in     

conjunction with TCP. 

IV. PROPOSED APPROACH 

Start with defined a simple ad hoc network, the scalability of 

the network is determined by a formula  where n is given as 

0, 1, 2, 3 and 4. For this study, mobility issue is our 

consideration. Therefore, all nodes are mobile nodes. Here, the 

heavy data streaming has been chosen in order to observe the 

packet behaviour correspond to the changes of buffer size and 

users in wireless environment. 

 

There are two scenarios created to represent Scenario 1 (B = 

256 K, P = 0.005 watts) and scenario 2 (Large buffer B = 

1024 K, P = 0.010). Several parameters will be observed and 

then analysed more detail later. This simulation will be run for 

1hour. 

 

A.Network Environment Setup 

 

A simple ad hoc network was designed as illustrated in Figure 

2. This network consists of a group of mobile wireless users 

are located at random within simulation coordinates marked by 

a red rectangle. The nodes have been provided mobility using 

a random function. For application configuration, the 

streaming content of heavy data was chosen. All the nodes 

transfer this data from one node to another and buffer size, 

power level is then adjusted after every simulation. 

 

 

Figure 2: The proposed network 
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Figure 3:  The proposed steps. 

B.Network Environment configuration used 

 

Table 1 :Wireless network configuration 

WLAN Technology IEEE 802.11b 

Map used Office 

Dimensions of map 100 meters X 100 meters 

Routing algorithm AODV 

Data Rate 11 Mbps 

Transmit power levels used 0.005/0.010 

Packet Reception Power 
Threshold 

-67 

Buffer Size 256 K/1024 K 

 

V. RESULTS AND DISCUSSION 

In this section, we will describe how the simulations were 

done and what all results were achieved during the 

simulations. The simulations were performed under two main 

scenarios: Case 1: With node buffer size of 256 K and 

transmission power of 0.005 watts Case 2: With node buffer 

size of 1024 K and transmission power of 0.010 watts.In both 

cases a random mobility was provided to the ad hoc network 

nodes. The result of both the simulation and their analysis has 

been discussed in the sub section of this section.The Sub-

sections of this chapter are as followes:s 

 

Section 5.1 contains the results of Case 1 of simulation, both 

detailed as well as summarized.  

 

Section 5.2 contains the overall analysis on the basis of 

individual metrics of the two cases. 

 

A . Simulation Case -1 

In this case the buffer size B = was set to 256 K and 

transmission power was set to 0.005 watts. 
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Figure 4: Simulation results in case of n = 2 

 

 

Figure 5: Simulation results in case of n=4 

 

Figure 6: Simulation results in case of n = 8 

 

 

Figure 7: Simulation results in case of n = 16 
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5.2 Overall result and summary for case-1 

 

Figure 8: Overall results and summary for Case 1 

In the above Figure 8, we can clearly see that with increase in 

user in the same scenario data drop rate increased significantly 

with increase in users, however in case of 8 users, the drop rate 

reached its maximum. 
 

VI. CONCLUSION  

The analysis of heavily congested wireless networks is crucial 

for the robust operation of such networks. To this end, this 

report has presented an analysis of some IEEE 802.11b 

wireless ad-hoc networks specifically; we have investigated 

the effect of buffer size, mobility and node power level to the 

in flights packets congestion on network. An in depth study 

was presented that dealt with what ad hoc networks are, how 

they are being used, how they impact the global world of 

communication. Some methods of handling congestion were 

also discussed in this report, which are/can be employed for 

certain network status. A brief idea of how data is routed 

within ad hoc networks was also discussed.With the help of 

certain simulation conducted using OPNET Modeler 14.5 it 

was determined as to how buffer size, mobility and node 

power can prove to be critical for ad hoc network performance. 

With a controlled size of users , the simulation result shows 

that the “larger node’s buffer size and power level” at even a 

random mobility will makes network performance degradation 

more critical compared to the “small node buffer”. This can be 

seen throughout several selected parameters which are: low 

throsughput, high number of packet dropped, high number of 

retransmission attempts and long. Therefore, it can be 

concluded the changes of node’s buffer space availability in ad 

hoc environment plays an important point in order to have 

better the network performance. A lot of issues and problems 

regarding wireless ad hoc network were discussed in this 

report, from their routing to control mechanisms all were 

discussed. However there are some ways by whish this study 

may be expanded further. 

 

 Effect of Antenna design – In this study we 

conducted all the simulations on standard IEEE 

WLAN mobile nodes, however it is yet to be 

evaluated as to how the antenna design affect the 

performance of an ad hoc network. 

 Performance issues due to wireless losses – It is yet 

to be evaluated as to how the wireless losses may 

change the network performance with increase in its 

scale. 
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