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ABSTRACT 
 
 

Medium Access Control (MAC) delays increase the frame inter-arrival time on the 

destination node in saturated ad hoc networks. With the increase in the network size more and 

more nodes contend for the medium which increases the collisions and drops affecting the 

frame inter-arrival time. High frame inter-arrival rates result in a queue overflow at the 

destination node and low frame inter-arrival rates increase the packet end-to-end delay. The 

variable parameters in the simulations are the network size and the data rates for the 

transmission. It is observed with simulations that the average frame inter-arrival time increases 

with the increase in the number of contending nodes in a saturated ad hoc network. 
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CHAPTER 1 

 

INTRODUCTION AND PREVIEW 

 
1.1 Introduction 

 

Ad hoc networks are infrastructure-less that consists of several mobile nodes that can 

establish connections 'on the fly‟ and therefore have the ability to self-organize without any need 

for central management. The challenges faced in Ad hoc networks mainly include bandwidth 

limitation, lack of centralized network management, security, and a common channel used for 

communication. Also, the queue capacity in ad hoc nodes is finite and small.  Therefore, the high 

frame arrival rates at the queue can cause queue overflow, which can damage the ongoing real-

time applications. An analysis of frame inter-arrival time and the factors affecting frame inter-

arrival time is to be carried out. This kind of analysis can help in developing new mechanisms to 

handle the effect of varying frame arrival rates at the queue.  

1.2 Thesis Contribution 

  This thesis presents the case study of frame inter-arrival times at the destination nodes in 

ad hoc networks, and discusses the effect of these frame inter-arrival times on real-time 

applications in the network. Low frame inter-arrival times in a contended network can cause 

frame drops at the destination node. Likewise, the high frame inter-arrival times increase the 

packet end-to-end delay, leading to the degradation of quality of real-time applications. In the 

analysis, we have considered three cases that show the variation in frame inter-arrival time at the 

destination node with the variation in network size and data rates. The simulation results indicate 

that the frame inter-arrival time increases with an increase in the number of nodes in the network 

as proposed in the analytical model. 
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1.3 Organization of Thesis 

          The remainder of the thesis is organized as follows: Chapter 2 presents the related work on 

the frame service time and frame inter-arrival time in an ad hoc node. Chapter 3 presents the 

analytical model for this research, and chapter 4 shows the simulation and results related to the 

research. Chapter 5 gives the conclusion for this research. 
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CHAPTER 2 

LITERATURE REVIEW 

 

Demand for wireless communications has increased tremendously over the past few 

years. The design goal behind wireless communication is that the nodes communicate without 

having any physical connectivity and that there is also support for mobility between the nodes. 

The IEEE 802.11 standard defines two design types of wireless Local area Networks (LAN) 

networks: infrastructure and Ad Hoc networks. The infrastructure type network is comprised of 

access points and mobile stations that manage the communication between the nodes. Like 

Carrier Sense Multiple Access/Collision Detection (CSMA/CD) is used as a channel access 

mechanism for nodes in wired networks. Wireless networks also use a Medium Access Control 

(MAC) technique of IEEE 802.11 for channel access called Distributed Coordination Function 

(DCF) which uses Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) along 

with an exponential back off algorithm. The challenges faced in Ad hoc networks mainly include 

bandwidth limitation, lack of centralized network management, security, and a common channel 

used for communication [1]. 

As mentioned in the previous section, a common channel is used for communication, and 

therefore all the nodes contend for the medium in order to send the data in saturated Ad hoc 

networks. At the MAC layer, a mechanism used for data transfer is DCF, which uses a four way 

handshaking scheme called the Request to send/Clear to send (RTS/CTS) mechanism. At the 

Internet Protocol (IP) layer, in the case of mobile nodes, the route discovery process is initiated 

because of the dynamically changing topology. Therefore, for mobile networks processing time 

for a packet at a node includes a MAC delay that is contending for access to the channel, the time 
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spent by the packet in queue and in routing delays in order to discover the route because of 

frequently changing topology. In a static Ad hoc network, the routing delay is not significant as 

this network is less susceptible to link breakages, and therefore for these networks processing 

includes the MAC delay and the queuing delay.  

Frame inter-arrival time and frame service time are important in the applications that are 

real time and are delay sensitive such as the Voice over Internet Protocol (VoIP). Research has 

been done on the performance analysis of the medium access technique used in wireless 

networks called Distributed Coordination Function in the paper by Bianchi [1]. The author of 

this paper has analyzed both type of mechanisms used for frame transmission, i.e. basic access 

and Request To Send/Clear To Send (RTS/CTS) access mechanism and has proposed a simple 

analytical model which can be used to calculate the throughput of the Distributed Coordination 

Function (DCF). 

 

 

                     Figure 1:  RTS/CTS channel access mechanism [1] 

 

The basic access mechanism uses a simple 2 way handshaking mechanism and another scheme 

uses 4 way handshaking called the RTS/CTS mechanism in which a node can reserve the 



  

5 
 

channel for transmission by sending RTS and receiving successful CTS by the destination node. 

There are time periods between different wireless frames known as inter-frame spacing. There 

are different types of inter-frame spacing, such as DIFS, PIFS,SIFS, EIFS etc. 

DCF inter frame spacing (DIFS) is the time period that a node waits before sending a 

frame and if the channel is idle for that period then the frame is transmitted. If the channel is 

sensed busy then the node generates a random back-off time and that is done to lower the 

collision probability. Short Inter Frame Space (SIFS) is the small time interval that is used for 

transmissions that have highest priority and its value is constant.   Point Coordination Function 

(PCF) Inter Frame Spacing (PIFS) is the time interval that is used for prioritizing the 

transmission and the time value is less than DIFS and more than SIFS.  

An analysis of Ad-Hoc On-demand Distance Vector (AODV) protocol has been done by 

Lin [11] and he has a simulation called a Scalable Wireless Ad-Hoc Network Simulation 

(SWANS) for implementing AODV. AODV is a reactive protocol that looks for a route when 

there is a demand.  AODV makes use of different message types in order to transmit the data 

from the source to the destination. The first packet is the Route Request (RREQ), which is used 

when the source node has to transmit data to the destination node, and the request is broadcast to 

all the other nodes. If the receiving node has the route stored for the destination, or is itself the 

destination, then a reply called the Route reply is generated and is sent back to the source node 

and this reply is unicast.  

In response to the route reply packet there is the Route Reply acknowledgement (RREP-ACK) 

which acknowledges that the RREP has been successfully received. To detect the error there is a 

message called Route error (RERR) which is generated when a link breakage is detected and this 
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error message is sent to the source and all the intermediate nodes modify their routing table and 

make the destination as unreachable.   

 

 

Figure 3: AODV Message Types [15] 

 

The end to end delay of the packet in ad hoc networks has been analyzed by Kadiyala and 

Pendse [2]. They have analyzed that the back-off mechanism used in Distributed Coordination 

Function at the MAC layer affects the route discovery process, and this results in increasing the 

end-to-end delay of the packet. The factors that are considered in calculating the total delay are 

packet processing time at all the layers, network delay which constitutes queuing and routing 

delay, and MAC transmission delay. As the number of retransmissions increase at the MAC 

layer, it increases the packet end to end delay. 

Packet end to end delay has also been analyzed by Bisnik and Abouzeid [7] who take into 

consideration the factors like the number of nodes, the packet arrival process, and also the access 

and back off mechanisms of IEEE 802.11 DCF. The results obtained in this paper give 

expressions for throughput and end to end delay.    
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MAC delays also affect the packet service time in ad hoc networks as analyzed by 

Kadiyala et al.[3]. The packet service time depends on the time spent by a packet in queue, the 

delay occurred in acquiring a medium by a node, and also the route discovery time. The results 

in the paper indicate that as the number of contending nodes increase in a network, collisions and 

cross transmissions increase which results in large number of retransmissions which in turn 

affects the packet service time.  

Tickoo and Sikdar [4] have presented an analytical model in order to analyze the queuing 

delay in IEEE 802.11 MAC based networks. The analysis considers the packet arrival patterns, 

the packet size distribution, the channel access delays, the effect of collisions, and the back-off 

mechanism. This result of the analysis can be used to determine the number of nodes that can be 

used in order to limit the amount of delay in the network. Tikoo and Sikdar [5] have also 

analyzed the traffic characteristics of wireless networks. They have also analyzed the impact of 

the back-off mechanism of IEEE 802.11 DCF on the packet inter-arrival time in wireless 

networks. The analysis of packet inter-arrival times gives an insight into the traffic 

characteristics that can lead to buffer overflow, congestion, delay etc.  

  The behavior of packet service time in single hop ad hoc networks is done by Abdrabou 

and Zhuang [10]. They investigated that the behavior is nearly memory-less and successful 

transmission of packets over a period of time follows a distribution pattern in approximation to 

Poisson distribution.    Vu and Sakurai [8] analyzed the delay distribution for 802.11 DCF and 

derived a generating function for access delays. The access delay is defined as the difference 

between the time when the packet contends for the medium to the time it reaches the destination. 

The authors of this paper have considered that the cross transmissions affect the back off 

mechanism of the contending nodes.   
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Research was done on Quality Of Service (QOS) for the wireless ad hoc network by 

Roche et al. [6]. They took different parameters of ad hoc networks into consideration like 

dynamic topology and the breakage of connection due to mobility. They have proposed a 

mechanism through which they guarantee QOS in Ad hoc networks to use transmission channel 

in a better way and also increase the number of connections at a time. Analysis of QOS metrics 

for real time applications in mobile ad hoc networks such as bandwidth, delay, and packet loss is 

done by Shi et al.[9]. They concluded that packet loss increases with the increase in the amount 

of traffic in mobile ad hoc networks. Therefore, voice applications can be used under light traffic 

as the packet loss will be less and in turn less delay. 

Tipper et al. [12] analyzed time varying performance of ad hoc networks as the nodes 

move in a random fashion. Their analysis was based on the discrete event simulation and 

numerical methods. 

Packet loss in wireless ad hoc networks has been discussed by Lu et al. [14]. They have 

studied the comparison of two routing protocols i.e. Ad-hoc On-demand distance Vector 

(AODV) and Destination-sequenced Distance Vector (DSDV). The impact of mobile hosts, the 

type of traffic, the type of traffic load, and congestion are analyzed through simulations. These 

results can help in finding the routing protocol that is sensitive to losses in the network. In this 

thesis the simulations are performed using NS2 and research has been done to analyze the 

performance of wireless network simulation [13].   

From the above discussion, it can be seen that the analysis of frame inter-arrival time in 

ad hoc networks was not thoroughly performed in the past. In this research, a case study of frame 

inter-arrival time is carried out to analyze the extreme consequences caused by frame inter-
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arrival trends. This discussion is further validated using the network simulator 2.  The following 

chapter presents the analytical model. 
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CHAPTER 3 

ANALYTICAL MODEL 

 
 
In this section, we analyze the frame inter-arrival time at the destination node in saturated 

ad hoc networks. The frame inter-arrival time is the time gap between two consecutive frame 

arrivals at the destination, which depends on the frame service time at the source node. The 

frame service time at an ad hoc node varies with the collisions and cross transmissions in the 

network caused by the variation in the network size. Hence, the frame inter-arrival time also 

depends on the network contention. 

In an ad hoc network, if the RTS is successfully transmitted then the average time spent 

in that transmission is given by [3] and is represented as follows: 

                      4 ACKDATACTSRTSCRBODIFST isRTS µ SIFS3                 (1) 
 

In the above equation, DIFS is the distributed inter frame spacing, BO i  represents the average 

backoff period for i th stage, CR can be termed as time spent in cross transmissions, DATA is the 

time spent in transmitting the data, µ is the propagation delay and SIFS is short inter frame space 

. 

If the RTS transmission is unsuccessful, the average time spent in collision is given by 

[3] and is represented as follows: 

                         RTSCRBODIFST juRTS  µ + SIFS                                                       (2) 
  
In the above equation, BOj is the backoff for the j `th stage  
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Figure 4: Successful RTS/CTS Transmission 

 

Figure 4 represents the successful RTS/CTS transmission. It is shown that the source 

wants to transmit a frame to the destination. At first, the source initiates the connection with the 

Request To Send (RTS) frame, and if the destination is ready to receive the frame, it transmits 

the Clear To Send (CTS) frame. Then the source transmits the frame to the destination and 

destination acknowledges it by sending an acknowledgement frame. The whole process of 

transmission is termed as a successful transmission.    
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Figure 5: Unsuccessful RTS Transmission 

 

Figure 5 represents the unsuccessful RTS transmission. Here we assume that the two 

sources, which are in the same range, want to transmit the frame to the destination. If the sources 

transmit the RTS at the same time then it would result in a collision. This type of transmission is 

termed as an unsuccessful transmission in a saturated ad hoc network. 

If the average number of attempts required to transmit a frame successfully is given by n

Tr , then the average MAC delay can given by [3] and is represented as follows: 

                                              sRTSuRTSTrM TTnt  ]*)1[(
                                                   (3)                                           

     SIFSµ)1(  RTSDIFSnTr  

                           SIFSACKDATACTSRTSDIFS 3µ4   

])[][(
1

0
j

n

j

j CREBOE
Tr
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 The inter arrival time in an ad hoc network can be analyzed as follows: 

3.1 Case 1: Contention free networks 

Suppose that the network is not congested and the nodes are able to transmit the frame in the 

first attempt. Then the equation can be given as: 

                                   IAT = DIFS + BO 0                                                       (4)  

IAT is the average frame inter-arrival time and DIFS is the distributed inter-frame spacing and 

BO 0  indicates the back-off interval for back off stage 0. 

3.2 Case 2: Collisions in Contended Network  

Suppose that the nodes experience „i‟ collisions and finally transmit in the „i+1‟ the attempt. 

Then the equation can be given as:  

                        IAT = (i+1) DIFS + 


RTSBO
i

j

j

0
( µ)                                       (5) 

j is the back off stage and BO j  represents the back-off interval for the back-off stage „j‟. 

 

3.3 Case 3: Cross-Transmissions in Contended Network 

Suppose that a node observes CTsn successful cross transmissions and CTun  unsuccessful 

cross transmissions before it can successfully transmit its own frame to the destination. 

Assuming that the destination node does not have any other sources communicating with it, 

then   

                 IAT = uRTSCTusRTSCTs TnTn                                                         (6) 

sRTST is the time spent in successful transmission with the RTS/CTS mechanism and  uRTST  is 

the time spent in unsuccessful transmissions with the RTS/CTS mechanism. 
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Hence, the frame inter-arrival patterns at the destination node are directly dependent on 

the frame service time at the source node. 

 

Figure 6: Explanation of cross-transmissions 

 

In figure 6, all the nodes are in the same range.  Assume that S1 wants to transmit the 

data to D1, and instead S2 grabs the medium to transmit the data to D2.  If this transmission is 

successful, then it is termed as successful cross-transmission. If the S2 and S3 transmit at the 

same time to D2 and that in turn results in a collision, then that is termed as an unsuccessful 

cross-transmission. The following chapter gives the results for the simulations. 
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CHAPTER 4 

SIMULATIONS AND RESULTS 

 
 

This chapter presents the simulations performed to analyze the frame inter-arrival time at 

a queue in ad hoc networks. These simulations were performed in network simulator (NS-2). 

Several network scenarios were executed by varying the data transmission rates (30, 40, and 50 

Kbps) for five network sizes of 10, 20, 30, 40 and 50 nodes. In the initial experimentation, it was 

observed that high data transmission rates caused severe packet drops within the node at the 

network layer. The data transmission rates around 50 Kbps seem to have fewer drops within the 

nodes. Hence, the data transmission rates of 30, 40, 50, 60 Kbps were used for the simulations.  

The IEEE recommended values for various parameters used in the simulations are presented in 

Table 1.  

 

TABLE 1 

DEFAULT PARAMETERS FOR SIMULATIONS 

PARAMETER VALUE 

Physical Layer Standard FHSS 
DIFS 128µs 
RTS 44bytes 
CTS 38bytes 

DATA  500bytes 
ACK 38bytes 
SIFS 28µs 

Routing Protocol 128µs 
Simulation Time 50 sec 

Slot-time 50µs 
Data Rate 30,40,50,60 (Kbps) 
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The network size above the 50 node scenario causes very high contention, and leading to 

huge burst losses and as a result the required number of samples for successful transmissions, 

collision, and cross-transmission cannot be obtained. Also, the network size below 10 node 

scenario seems to have similar problem of generating the inadequate samples for the analysis. 10 

node scenarios seem to represent a network with less contention and produce good samples for 

successful transmission. Therefore, this network size was picked as a reference point to highlight 

the ad hoc network with less contention. 

In network scenario one, nine out of ten nodes behaved as source nodes and transmitted 

CBR traffic to the same destination node. Similarly, the other four scenarios consisted of one 

destination receiving traffic from all other source nodes. In all the above scenarios we have „n‟ 

no. of nodes in the network. „n-1‟ are the source nodes and 1 destination and where n is the 

network size. The destination stores all the received frames in a buffer before they can be 

processed. If two or more source nodes transmit the frame at the same time, then it results in a 

collision. Following this, all the transmitting nodes back off for a random period of time, and 

retransmit the frame when the medium is found to be idle. As the number of nodes in a saturated 

network increases, more nodes try to access the medium, the probability of nodes trying to 

access the medium at the same time increases, and therefore, it increases the collisions in the 

medium. This reduces the percentage of successful transmissions in the network, and increases 

the frame inter-arrival time at the queue. 

The simulations were performed by executing TCL scripts and the output traces were 

analyzed for the frame inter-arrival patterns. A sample trace can be seen below in which node 9 

is transmitting frames to node 0.  

s 49.691342966 _9_ MAC  --- 0 RTS 44 [145e 0 9 0] 
r 49.691695035 _0_ MAC  --- 0 RTS 44 [145e 0 9 0] 
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s 49.691705035 _0_ MAC  --- 0 CTS 38 [1324 9 0 0] 
r 49.692009103 _9_ MAC  --- 0 CTS 38 [1324 9 0 0] 
s 49.692019103 _9_ MAC  --- 3402 cbr 572 [13a 0 9 800] ------- [1:0 0:0 29 0] [378] 1 0 
r 49.696595172 _0_ MAC  --- 3402 cbr 520 [13a 0 9 800] ------- [1:0 0:0 29 0] [378] 2 0 
s 49.696605172 _0_ MAC  --- 0 ACK 38 [0 9 0 0] 
r 49.696909241 _9_ MAC  --- 0 ACK 38 [0 9 0 0]          
 
The letters 's' and 'r' in the beginning of the traces indicate the sent and received frames. The next 

value on the trace represents the event time stamp. The third column represents the node ID 

observing the event. Summarizing this information, the first entry of traces presented above 

indicates that node 9 transmitted a frame to node 0. The next entry indicates that the node 0 

received the frame after a few milliseconds. After the CTS frame was sent by node 0 and 

successfully received by node 9, the data was sent and received, and finally the 

acknowledgement frame was sent and received. This completes the frame transmission from the 

source node to the destination at the MAC layer using the DCF (Distribute Coordination 

function) .The following sample shows the event of collisions. 

s 1.545911529 _9_ MAC  --- 0 RTS 44 [145e 0 9 0] 
s 1.545911611 _5_ MAC  --- 0 RTS 44 [145e 0 5 0] 
D 1.545911762 _0_ MAC  COL 0 RTS 44 [145e 0 9 0] 
D 1.546263762 _0_ MAC  COL 0 RTS 44 [145e 0 5 0] 
s 1.546677694 _9_ MAC  --- 0 RTS 44 [145e 0 9 0] 
r 1.547029763 _0_ MAC  --- 0 RTS 44 [145e 0 9 0] 
s 1.547039763 _0_ MAC  --- 0 CTS 38 [1324 9 0 0] 
r 1.547343832 _9_ MAC  --- 0 CTS 38 [1324 9 0 0] 
s 1.547353832 _9_ MAC  --- 80 cbr 572 [13a 0 9 800] ------- [9:0 0:0 30 0] [8] 0 0 
r 1.551929901 _0_ MAC  --- 80 cbr 520 [13a 0 9 800] ------- [9:0 0:0 30 0] [8] 1 0 
s 1.551939901 _0_ MAC  --- 0 ACK 38 [0 9 0 0] 
r 1.552243969 _9_ MAC  --- 0 ACK 38 [0 9 0 0]  
 

It can be seen that the collision occurred when the nodes 5 and 9 transmitted an RTS 

frame to node 0 at the same time. Later, the new transmission by node 9 was successful. 

Therefore, the time gap between the two consecutive transmissions increased, thus increasing the 

frame inter-arrival time at the destination node. The completion of a transmission is indicated by 
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an ACK, whereas the success of a new transmission was represented by CTS. Therefore the 

difference between the last ACK and the new CTS represents the frame inter-arrival time. As the 

number of collisions increase, the frame inter-arrival time also increases. 

 

s 0.534552232 _0_ MAC  --- 0 CTS 38 [3c4 2 0 0] 
s 0.535516567 _0_ MAC  --- 0 ACK 38 [0 2 0 0] 
s 0.540481577 _0_ MAC  --- 0 CTS 38 [3c4 7 0 0] 
s 0.541445884 _0_ MAC  --- 0 ACK 38 [0 7 0 0] 
s 0.550503484 _0_ MAC  --- 0 CTS 38 [3c4 4 0 0] 
 

The variations in the frame inter-arrival times were analyzed for the variations in the 

network sizes and data transmission rates.  

 
Table 2 shows the average, maximum and minimum frame inter-arrival times for a data 

rate of 30 Kbps. Table 3 shows the count of successful transmissions, collisions, drops, and 

percentage of success in frame transmissions. The simulation results in Table 2 reveal that the 

successful transmissions decrease with an increase in the network size due to collisions and 

drops. It can be observed from Table 2 and figure 7 that the average frame inter-arrival time 

(FIT) in the 20 node network was less than that in the 10 node network, whereas the successful 

transmissions in the 20 node network is more than that in the 10 node network. This observation 

can be explained as follows. 

 

TABLE 2 

FRAME INTER ARRIVAL TIME (DATA RATE 30 Kbps) 

Number of Nodes Average FIT Maximum FIT Minimum FIT 

10 0.009496194 0.10296369 0.000716137 
20 0.003026632 0.150255226 0.000716035 
30 0.005142104 0.172840795 0.000716035 
40 0.006674341 0.357298758 0.000716035 
50 0.00946572 0.459802398 0.000716035 
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TABLE 3 

 
STATISTICS OF SUCCESSES AND DROPS (DATA RATE 30Kbps) 

 
 

Nodes 

Successful 

transmissions 

Total 

Transmissions Collisions Drops 

% of 

Success 

10 3436 3456 1095 20 99.42 
20 6238 7296 7563 1058 85.49 
30 4913 11136 23561 6223 44.11 
40 4258 14976 60333 10718 28.43 
50 3468 18816 155788 15348 18.43 

 
 

 

 

Figure 7: Number of Nodes vs Average Frame Inter-arrival Time for 30 and 40 Kbps 
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The total number of possible transmissions in the 10 node network with the data rate of 

30 Kbps is 3456 with 20 drops and 99.42 percent of success in transmissions. In the 20 node 

network, the total number of transmissions is 7296, with a total drops of 1058 and success 

percentage of 85.49 percent. Also, the minimum frame inter-arrival time is the same in both 

scenarios.  

 

Average Frame Inter Arrival Time (AFIT) = 
 onsTransmissi Successful of No.

network ain  FIT all of Sum
 

Because the number of samples associated with the 20 node networks is very high, the 

results can be better analyzed, and they show the expected behavior. Within a set of network 

scenarios with similar success rates, the network scenario with the higher number of samples will 

show close to the expected behavior. If the success rate decreases, then the frame inter-arrival 

time increases, as these two parameters are inversely proportional to each other. Similar results 

were observed in the analysis with the data transmission rates of 40 Kbps. 

For 30 Kbps, the results displayed in Table 2 and 3 show that the average is increasing as 

the network size is increasing. The success rate in table 3 reveals that the success rate decreases 

and collision increases to a large extent from the 10 node scenario to the 50 node scenario which 

relates to the theoretical analysis that the network contention increases as the network size 

increases and that in turn decreases the probability of the node successful in transmitting a frame. 

Table 4 represents the values for average, maximum, and minimum frame inter-arrival time, and 

Table 5 represents the statistics of successes and drops for a data rate of 40 Kbps. The graph is 

shown in figure 7. 
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TABLE 4 

FRAME INTER ARRIVAL TIME (DATA RATE 40 Kbps) 

Number of Nodes Average FIT Maximum FIT Minimum FIT 

10 0.006179447 0.073239737 0.000716106 
20 0.002613729 0.171489547 0.000716035 
30 0.004994436 0.409606171 0.000716035 
40 0.007510337 0.519789228 0.000716035 
50 0.017970982 0.574465357 0.000716035 

 
 

TABLE 5 

STATISTICS OF SUCCESSES AND DROPS (DATA RATE 40 Kbps) 

 

Node 

Successful 

Transmissions Total Transmissions Collisions 
Drops 

% of 

success 

10 4464 4500 1384 36 99.2 
20 6579 9500 8286 2921 69.25 
30 4992 14500 22130 9508 34.42 
40 3977 19500 58667 15523 20.3948 
50 2155 24500 167169 22345 8.79 

 

 

TABLE 6 

FRAME INTER ARRIVAL TIME (DATA RATE 50 Kbps) 

Number of Nodes Average FIT Maximum FIT Minimum FIT 

10 0.00401597 0.053239737 0.000716105 
20 0.005096468 0.125241825 0.000716035 
30 0.006063111 0.213260934 0.000716035 
40 0.006950681 0.500907331 0.000716036 
50 0.011736451 1.253958219 0.000716036 
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                                                     TABLE 7 
 

STATISTICS OF SUCCESSES AND DROPS (DATA RATE 50 Kbps) 
 

Node 

Successful 

Transmissions 

Total 

Transmissions Collisions 
Drops 

% of 

success 

10 5551 5625 1609 74 98.684 
20 4944 11875 8312 6931 41.63 
30 4531 18125 22462 13594 24.99 
40 4157 24375 61047 20218 17.054 
50 2974 30625 151994 27651 9.711 

 

TABLE 8 

FRAME INTER-ARRIVAL TIME (60 Kbps) 

Number of Nodes Average PIT Maximum PIT Minimum PIT 

10 0.002512284 0.039839737 0.000716105 
20 0.003267843 0.060346989 0.000716035 
30 0.004303572 0.106523685 0.000716035 
40 0.005216328 0.162280429 0.000716036 
50 0.008597711 0.371285565 0.000716036 

 

Table 6 and Table 7 are for data rate of 50 Kbps and Table VIII is for 60 Kbps. Figure 8 shows 

the graph represents the graph for 50 and 60 kbps. As the number of samples generated in 50 

kbps for 10 node scenario is more in 30 and 40 Kbps data rate, therefore, the figure shows the 

correct behavior in this case. Figure 9 and 10 show the number of drops and number of successes 

respectively for all the data rates. 
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TABLE IX 

STATISICS of SUCCESSES AND DROPS (DATA RATE 60 Kbps) 

Node 

Successful 

Transmissions 

Total 

Transmissions Collisions 
Drops 

% of 

success 

10 6678 6756 2098 78 98.84 
20 6053 14264 8077 8211 42.43 
30 5363 21771 24806 16408 24.63 
40 4870 29279 55826 24409 16.63 
50 3658 36786 129114 33128 9.94 

 

 

 

Figure 8: Number of Nodes vs Average Frame Inter-arrival time for 50 and 60 Kbps 
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Figure 9: Number of Nodes vs Number of Drops 

 

Figure 10: Number of Nodes vs Percentage of success 
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CHAPTER 5 

CONCLUSION 

 

In this research, we have shown that, with the increase the network size, the average 

frame inter-arrival time at the destination node increases. The model represents three different 

cases and their individual affect on frame inter-arrival time. MAC delays affect both the frame 

inter-arrival time and frame service time at the destination node.  As the number of contending 

nodes increases, collisions also increase, which affects the frame arrival time. If the inter-arrival 

time is less than the service time at a node, then the buffer overflow can lead to the frame drop in 

the network; if the inter-arrival time is more, then it means that there are collisions in the 

network and frames are getting dropped. The simulation results show that the successful 

transmissions decrease with the increase in the number of nodes in the networks. Also, there is 

an increase seen in average and maximum frame inter-arrival time.  
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