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i 

 

Abstract 

The deployment of large-scale networks requires careful study and planning so that the ac-

tual system meets the desired goals. The problem is that large-scale networking systems are 

hard to replicate in simulation and even harder to test in laboratory. For this reason it is impor-

tant to develop mechanisms that enable the realistic reproduction of reality but, at the same 

time, allow their application in test environments such as simulation or laboratory testbeds. 

In this project, we focus on the problem of replicating the mobility dynamics of the Public 

Transportation System (PTS) of the Porto city. The main goal is to develop a mobility event 

generator that can reliably mimic the reality of the bus movement with the minimum number of 

events. The tools developed will be used in the actual planning of a mobile communications 

network for the Porto’s PTS, based on IEEE 802.11, IEEE 802.16 and UMTS technologies. 
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Chapter 1  

Introduction 

1.1 Prologue 

Large scale networks require careful planning as they imply a large investment of time and 

money. It is with that thought that the main goal of this project is to develop mechanisms that 

through simulation replicate reality of the bus movement in those large-scale networks. Howev-

er the computation efficiency must not be forgotten, because a system with lots of nodes may 

take months to simulate laboratory prototypes. Therefore there is a need of a new event genera-

tor with those same goals, that’s why we are going to develop a new event generator. This event 

generator must mimic reality as much as possible however is has to be easily to simulate. In 

order to develop and simulate an event generator it is imperative to use a mobility model that 

represents the Mobile Nodes (MN) as realistic as possible without affecting the dynamics of the 

Public Transportation System (PTS). A mobility model should mimic the movements of real 

MNs. Actually that are two types of mobility models: mobility models based in traces and syn-

thetic mobility models. This project use traces, provided by the Porto bus operator the Socieda-

de de Transportes Colectivos do Porto (STCP). Traces provide accurate information, especially 

when they involve a large numbers of MNs, about positioning, dates and direction, however 

those traces need to be modified because not all of the provided traces are properly described 

and sometimes they contains some failures.  

Until now, the existing trace-based and synthetic models weren’t concerned about system 

size and computation efficiency, because they were built in order to simulate as closely as poss-

ible the reality of the vehicles movement. Thus the main goal of this project is to develop a new 

simulation mobility model to mimic the behavior of Porto’s public transportation network. In 

order to build a scalable model some data needs to be ignored and some interpolations needs to 

be executed. The tools developed within the project will be used in the planning of a new mo-

bile communications network for the Porto PTS, which will use technologies such as the IEEE 

802.11, the IEEE 802.16 and the Universal Mobile Telecommunication Systems (UMTS). 
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1.2 Objectives 

The goal of this project is to develop an event generator of large scale communication net-

works to simulate the behavior of Porto’s public transportation network. Having identified key 

requirements and currently unsolved issues in the domain of creating trace-based mobility gene-

rators, it should be included some aspects to be taken into the development of event generators 

of large scale, such as: the minimization of the number of mobile events (ME) within the sys-

tem, the construction of a scalable model that could mimic the behavior of the transportation 

reality as much possible and makes it possible to simulate wireless communication networks on 

top of Porto’s PTS. Previous models generate many events and this led to some computer inef-

ficiency. This project serves to avoid such inefficiency. Once the goal is to minimize the gener-

ated events and also keep the realistic movement of vehicles it was developed a new mobility 

event generator. 

1.3 Relevant Results 

From this work results a tool that models, on a reliable way, the dynamics of the transport 

system of the city of Porto. The tool comprises on an event generator with application to the 

simulation of large scale communication networks. The resulting tool is very user friendly. This 

is a highly intuitive tool for all types of users. It recreates the generation of mobility events with 

computationally efficient. The created model is scalable and can be used with more or less accu-

racy. Please note that when it’s need more precision the computational efficiency decrease. The 

main result of this work is the XML files with all data of the selected route or even of all routes, 

depending the need of the user. These files contain the position and date of transmission of data 

of each bus. These data will be later used in the current plan of developing a mobile network for 

public transportation system of Porto city. 

This work motivation is the creation of mobility events, but nevertheless, comparing with 

other existing models, do not wish that these events only replicates the movement of vehicles 

but also have computational efficiency that will be necessary to simulate this network of a large 

scale. 
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1.4 Document Organization 

This report is organized as follows: chapter 2 discusses the nature of mobility and gives 

background on wireless networks that belongs to the actual planning of a mobile communica-

tions network for the Porto’s PTS. Additionally this chapter provides some insight into some 

existing mobility models. Chapter 3 reflects the analyses of the problem and its characterization. 

The following chapters,  document the execution of the proposed objectives and the associated 

results. Chapter 4 retracts the trace analysis. This chapter is a necessary step in the development 

of a trace-based mobility event generator model. Chapter 5 reflects the mobility event generator 

development. In this chapter is discussed all the necessary steps in the development. Chapter 6 

as some utility tools that were very useful in the development of the work, such as Google Maps 

or PostgreSQL. In chapter 7 we draw conclusions on the obtained results, as well as briefly dis-

cussing future work and trends in mobility event generators. 
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Chapter 2  

State Of the Art 

2.1 Overview 

The topology and movement of the nodes in a simulation are key factors in the performance 

of the network simulation. Once the nodes have been initially positioned, the mobility generator 

dictates the movement of the nodes within the network. Because node mobility has great impact 

in the performance of the network protocols, it is important that the mobility generator reflects 

reality accurately otherwise mobility generators wouldn’t be so much important. The key aspect 

of this work is to determine the minimum set of events that can accurately simulate the dynam-

ics of the PTS. 

Several mobility generators have been developed, such as Random Walk Mobility Model 

(RWMM) and Vehicular Ad-Hoc Networks (VANET) [5]. Their focus was mainly on being as 

realistic as possible, rather than being efficient for large-scale simulation. Little effort has been 

made on creating approximated mobility generators that enable the simulation of large-scale 

networks. This project focus the development of mobility generator tools, that not being 100% 

accurate, enable efficient simulation of large scale networks, instead of using some of the ex-

haustive models that have been presented in recent years [5]. 

This section presents existing mobility generators and discusses why they are not suitable 

for large-scale simulations. 
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2.2 Mobility Generators 

Currently there are two types of mobility event generator used in the simulation of net-

works: trace-based and synthetic models [4]. Trace-based models are those mobility patterns 

that are retained of real life systems and try to simulate them as realistic as possible. Traces 

provide accurate information, especially when they involve a large number of participants and 

contain data of a long observation periods. However, new network environments (e.g. ad-hoc 

networks) are not easily modeled, if traces of vehicular behavior have not yet been created. In 

this situation it is necessary to use synthetic models. Synthetic models attempt to realistically 

represent the behaviors of MNs without the use of traces, because they are just based on basic 

vehicular movements like car following models. This however, does not model true movement 

behavior of users, although it does give useful insight for current networks. 

 Because the opportunity of tracing actual user’s mobility wasn’t possible, this project will 

take base on previous measurement-based techniques. Other wireless network-usage studies 

conducted at MIT [1], Dartmouth [2] and UC San Diego [3] capture user usage over access 

points in the campus. 

Here we present several synthetic mobility generators and trace-based mobility generators 

that have been proposed for the performance evaluation of ad-hoc network. 

 

2.2.1 Synthetic Mobility Models 

 Synthetic Models attempt to realistically represent the behaviors of MNs without the use of 

traces. Some authors [6] agree on separating synthetic models in five classes: 1) stochastic mod-

els, wrapping all models containing purely random motions; 2) traffic stream models, looking at 

vehicular mobility; 3) car following models, where the behavior of each driver is modeled ac-

cording to vehicles ahead; 4) queue models, which are models roads as FIFO queues and cars as 

clients; 5) behavioral models, where each movement is determined by a behavior rules imposed 

by social influences for instance, Figure 1. 

 Figure 1 - Classification of Synthetic Mobility Generators. 
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A disadvantage of the synthetic models is the lack of realism towards human behavior. 

These models aren’t very realistic and they can’t be compared to real movements. Inside those 

five classes exists some models that we describe next. 

 

2.2.1.1 Random Walk Mobility Model 

This mobility model was created with the purpose to mimic the natural motion of people, 

which can be extremely unpredictable. Because some mobile nodes are believed to move in an 

unexpected way, Random Walk Mobility Model (RWMM) is proposed to mimic their move-

ment behavior [5]. A mobile node moves from its current location to a new location by random-

ly choosing a direction and speed to travel. The new speed and direction are chosen from pre-

defined ranges, defined by the user. For every new interval t, each node randomly and uniform-

ly chooses its new direction θ(t) from [0,2π]. In similar way, the new speed v(t) follows a uni-

form distribution or a Gaussian distribution from [0, Vmax], where Vmax is the maximum velocity 

allowed for every MN. Therefore, during time interval t, the node moves with the velocity vec-

tor: 

 

 

 [ ( ) cos ( ), ( ) sin ( )]v t t v t tθ θ  (2.1) 

 

 

If the node moves according to the above rules and reaches the boundary of simulation field, 

the leaving node is bounced back to the simulation field with the angle of θ(t) or π-θ(t), respec-

tively. This effect is called border effect [9]. 

Since this model was created many derivatives of the Random Walk Mobility Model, have 

been developed, including models in two or three dimensions. The 2-D RWMM is of special 

interest because the MN randomly chooses is direction and is speed between pre-defined ranges. 

In this model an MN may change its direction after traveling a specified distance or even a spe-

cified time. Figure 2 shows an example of the movement observed from this 2-D model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2 - Traveling pattern of an MN using 2-D RWMM. 
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The RWMM is a memoryless mobility process where the information about the previous 

status is not used for the future decision [12]. That is to say, the current velocity is independent 

with its previous velocity and the future velocity is also independent with its current velocity 

[13]. This characteristic may generate unrealistic movements such as sudden stops and sharp 

turns although we observe that is not the case of mobile nodes in many real life applications, 

such as vehicular mobility models. Other models, such as the Gauss-Markov Mobility Model 

(GMMM) can fix this problem. 

 

 

2.2.1.2 Random Waypoint Mobility Model 

The Random Waypoint Mobility Model (RWAMM) is the most commonly used mobility 

model in the research community because of its simplicity and wide availability. In Network 

Simulator 2 (NS2) the implementation of this mobility model is as follows: at every instant, a 

node randomly chooses a destination and moves towards it with a velocity chosen uniformly 

and randomly from pre-defined ranges such as [0, Vmax], where Vmax is the maximum allowable 

velocity for every MN [10]. The velocity and direction of a node are chosen independently of 

other nodes. Upon reaching the destination, the node stops for a duration defined by the pause 

time parameter Tpause. After this duration, it again chooses a random destination and repeats the 

whole process again until the simulation ends. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As we can see in Figure 3 the movement observed from this 2-D model is quite different 

comparing to RWMM, however this same model may creates the clustering of nodes in one part  

 

 

 

Figure 3 - Traveling pattern of an MN using the RWAMM. 
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of the simulation area, also called density waves. This clustering occurs near the center of the 

simulation area and may reflect on unrealistic simulation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In most of the performance investigations that use the RWAMM, the MNs are initially dis-

tributed randomly around the simulation area. This initial random distribution of MNs is not 

representative of the manner in which nodes distribute themselves when moving. Figure 4 illu-

strates the cumulative average MN neighbor percentage for MNs using the RWAMM as time 

progresses (speed is 1 m/s and pause time is zero). The average MN neighbor percentage is the 

cumulative percentage of total MNs that are a given MN’s neighbor. For example, if there are 

50 MNs in the network and a node has 10 neighbors, then the node’s current neighbor percen-

tage is 20%. A neighbor of an MN is a node within the MN’s transmission range. As shown, 

there is high variability during the first 600 seconds of simulation time. This high variability in 

average MN neighbor percentage will produce high variability in performance results unless the 

simulation results are calculated from long simulation runs [14]. 

Next its presented common problems with RWAMM: 

 

• Zig-Zag trajectories: RWAMM is elementary and it is easy to argue about the 

paths being unnatural. Then again, any practical protocol or mechanism should be 

robust and give a reasonable performance with a wide range of moving patterns, in-

cluding movement similar to RWAMM model. 

 

• Velocity Distribution: The most common problem with simulation studies using 

random waypoint model is a poor choice of velocity distribution [18], e.g., uniform 

distribution (0,Vmax). Such velocity distributions, which seem to be common with 

NS2 simulations, lead to a situation where at the stationary state each node stops 

moving. In order to avoid this, the velocity distribution should be such that. 

Figure.4 - Average neighbor percentage vs. time. 
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2.2.1.3 Gauss-Markov Mobility Model 

This model, initial assigns the current speed and direction to each MN. Then, at fixed time 

intervals, n, movements occurs by updating the speed and direction of each MN [12]. The speed 

and direction is calculated based on the follow equations: 

 

 

 
2(1 ) (1 )

1 1
S S S Sxn n n

= α + − α + −α
− −  (2.2) 

 

 

 
2(1 ) (1 )

1 1
D D D Dxn n n

= α + − α + −α
− −  (2.3) 

 

 

, Sn and Dn represents the new speed and direction of the mobile node at the interval n, 

where α is a constant, 0<α<1. 

For each time interval the next location is calculated based on the current location, speed 

and direction of movement. In other words, at time interval n, a MNs position is given by the 

following equations: 

 

 

 1 1 1cos
n n n n

x x S D
− − −

= +  (2.4) 

 

 1 1 1sin
n n n n

y y S D
− − −

= +  (2.5) 

 

 

Where (xn, yn) and (xn-1, yn-1) represents a pair of coordinates of the MNs positions at the n 

and n-1 time intervals. Sn-1 and Dn-1 represents the speed and the direction of the MN, respective-

ly, at the n-1 time interval [15]. 

To ensure that an MN does not remain near an edge of the grid for a long period of time, the 

MNs are forced away from an edge when they move within a certain distance of the edge. This 

occurs to prevent absence of an MN within the zone that really matters, and resolving a problem 

that may cause on unrealistic event modeling. 

As shown in Figure 5, the GMMM can eliminate some existing problems in the RWMM 

such as sudden stops and sharp turns by inserting past velocities and directions to influence the 

future velocities and future directions [15]. 
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2.2.1.4 City Section Mobility Model 

City Section Mobility Model (CSMM) has as reference, street networks representative of a 

common city where an ad-hoc network exist [11]. The streets and speed limits on the streets are 

based on the type of city being simulated. Each MN begins the simulation at a defined point on 

some street, then, randomly is chosen the destination, also represented by a point on some street. 

The movement algorithm is based on the shortest travel time between the two points and has 

some safety characteristics such as speed limit and a minimum distance allowed between any 

two MNs. Once a MN reaches is destination it pauses for a specified time and then randomly 

chooses another destination. This process could be repeated several times until we have reached 

the final destination point. This model provides realistic movements for a section of a city be-

cause he restricts the travelling behavior of MNs, as we can see in Figure 6. 

This mobility model can be very useful, because it can simulate on top of Porto city if exists 

any data of wireless networks, but the fact of each node chooses is destination randomly makes 

a model not to use, Figure 7. 

 

 

Figure 5 - Traveling pattern of an MN using the GMMM. 
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Figure 6 - Travelling pattern of an MN using the CSMM. 

Figure 7 - Travelling example of an MN using the CSMM. 
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2.2.1.5 Random Trip Mobility Model 

The Random Trip Mobility Model (RTMM) is a generic mobility model that generalizes 

RWAMM, RWMM and CSMM to realistic scenarios. It could be use to give a realistic perfor-

mance to laboratory simulations. It is implemented in NS2 and can be used without license. The 

implementation performs perfect initialization, i.e. the mobility model has no transient phase. 

RTMM is defined as a generic mobility model for independent random motions of nodes. Such 

independent node movements are entirely defined by specifying random process of movement 

of a single node. The model does not directly accommodate group mobility models, which are 

left for further study. The RTMM is defined by a set of stability conditions for a node move-

ment. . The conditions guarantee existence of a time-stationary regime of node mobility state or 

its non existence. They also guarantee convergence of node mobility state to a time-stationary 

regime, whenever one exists, from origin of an arbitrary trip. The reported observations for ran-

dom waypoint such as that speed vanishes to 0 as simulation progresses, considered harmful, [5] 

are in fact all related to the set of problems on stability of random processes that include finding 

conditions for existence of a stationary regime or its non existence. Stability problems also in-

clude finding conditions under which convergence to a stationary regime is guaranteed, when-

ever there exists one. These conditions are important to alleviate non desirable situations such as 

the reported vanishing of the node numerical speed to 0. 

In the absence of established properties of real mobility patterns, it is not yet clear today 

what the requirements on mobility models should be [5]. The random trip model is a broad class 

of independent node movements that can be appropriately parameterized to synthesize an a pri-

ori assumed mobile behavior. 

Figure 8 and Figure 9 presents an example of a domain of the mobility model. The blue dots 

represent MNs that are on a moving (move phase) and the red dots represent MNs that are 

stopped (pause phase). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 – Mobility domain map. Figure 9 - Steady state samples of node positions. 
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2.2.1.6 Vehicular Ad-Hoc Networks 

Mobile Ad-Hoc Network, also known as MANET contains within his domains, a form of 

Vehicular Ad-Hoc Network (VANET) used for communication among vehicles and between 

vehicles and roadside equipment. This communication between vehicles and roadside equip-

ment is used to obtain information about their positioning and time among other information. 

MANET is a kind of wireless ad-hoc network, and is a self-configuring network of mobile rou-

ters, and associated hosts, connected by wireless links which form an arbitrary topology. The 

routers are free to move randomly and organize themselves arbitrarily, which means they com-

municate between them in order to update information. The network's topology may change 

rapidly and unpredictably. 

The goal of VANET research is to develop a vehicular communication system to enable 

quick and cost-efficient distribution of data for the benefit of passenger’s safety and comfort. 

There is also a tool named MObility model generator for VEhicular (MOVE) networks, to faci-

litate users to rapidly generate realistic mobility models for VANET simulations [16]. 

The output of MOVE is a mobility trace file which contains the information of vehicle 

movement, which can be immediately used by simulation tools such as NS2 or QUALNET. 

MOVE consists of two main components: the Map Editor and the Vehicle Movement Editor, as 

shown in Figure 10 [16]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 - Mobility Model Generator for VANET. 
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2.2.2 Trace-Based Models 

The mobility of the nodes in a mobile ad-hoc network poses a challenge in determining sta-

ble routes in the network. It is often difficult to predict the mobility of the nodes, as they tend to 

be random in nature. However, a non-random component would also exist in many scenarios. A 

drawback of synthetic models is that most cannot realistically represent the standard-mobility 

vehicles. A different approach has therefore been undertaken. This new approach uses traces to 

simulate the standard-mobility vehicles. Instead of developing complex models, and then vali-

dating them using mobility traces or surveys, time could be saved by inferring generic mobility 

patterns from movement traces. Such approach recently became increasingly popular as mobili-

ty traces started being gathered through various measurement campaigns such as CRAWDAD 

[7] or ETH MMTS [8]. CRAWDAD is the Community Resource for Archiving Wireless Data 

at Dartmouth, a wireless network data resource for the research community. It has the capacity 

to store wireless trace data from many contributing locations, and staff to develop better tools 

for collecting, anonymizing, and analyzing the data [7]. ETH MMTS presents an agent-based 

architecture for microscopic traffic simulations. Agents representing vehicles utilize database 

modules containing microscopic models and adaptive algorithms, in order to achieve precise 

simulation of real-life traffic entities. The analysis and design of the simulation system is made 

using the Gaia methodology, a formal way of going from a statement of requirements to an 

agent-based, detailed design that can be directly implemented [8]. 

The most difficult part in this is to extrapolate patterns not observed directly by the traces. 

By using traces, various research teams have therefore been able to extract mobility models that 

reflect more realistically the motion we experience in real vehicular systems [17]. Besides the 

use of traces we will try to simplify those same traces without giving way ludicrous informa-

tion, because sometimes traces may have unnecessary information. So it was convinced to use 

some traced-based techniques such as: sampling or interpolation. 

It is not necessary to have a lot of information about mobility. What really matters is some 

aspects like the movement in a border of a network, Figure 11. For those and other aspects we 

will use sampling that is way of tossing way some information in detritus of having more com-

putation efficient. Interpolation is a method of “constructing” new information points based on 

the existing traces and approaching that information into more incomplete information. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 - Sampling/Interpolation example. 
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Here we present a trace-based mobility event generator that has been proposed for the per-

formance evaluation of ad hoc network protocols until now. 

 

 

2.2.2.1 Trace Based Mobility Model 

 

The Trace Based Mobility Model (TBMM) [17] captures the history of the movement pat-

terns of the nodes, and identifies regularity in these movements. It is this movement regularity 

that is used to predict the stability of the nodes. This model has the following assumptions: 

 

• Each node is location aware, using Global Positioning System (GPS). 

 

• The network is mapped to a virtual grid structure. This can be done based up on the 

transmission region and the area network. 

 

A simple algorithm is used to arrive at the trace representing the regular movement of the 

nodes. The information in the trace consists of both location and time. The trace collection algo-

rithm is carried out in each node and the steps are given below [17]: 

 

i. Each node identifies its stable positions and the associated stability time. This is 

stores in a Movement History Table (MHT), Table 1. 

 

ii. Movement patterns are indentified from the history table and stored in a Trace-

Pattern Table (TPT), Table 2. The movement pattern reflects the movement of a 

node over a period of time. 

 

iii. The final trace is obtained from the trace-pattern table by either a complete trace 

match method or a time interval match method. 

 

 

Table 1 – Movement History Table. 

 

Grid ID (Gi) Entry Time (ETi) Exit Time (XTi) 

G5 09:10 09:45 

G2 15:00 15:30 

G5 17:20 18:45 
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Table 2 - Trace Pattern Table. 

 

Tr G1 ET1 XT1 … Gn ETn XTn F 

1 G5 09:10 10:05 … … … … 2 

2 G5 09:20 10:10 … G5 16:10 16:55 4 

… … … … … … … … … 

n G3 09:15 10:10 … G7 16:20 17:00 3 

 

 

Abbreviations: 

Tr – Trace Identification 

Gi – Grid Identification 

ETi - Entry Time to Gi 

XTi – Exit Time from Gi 

F- Frequency count 
 

 

 

 

So in TBMM two tables are maintained, MHT and TPT. Individual nodes update their own 

tables while they are moving. The final trace is a sequence of 3-tuples with each tuple consisting 

of the grid id of the stable positions, and the corresponding entry and exit times, Table 3. 

 

Table 3 – Final Trace File. 

 

G1 ET1 XT1 

G2 ET2 XT2 

… … … 

Gn ETn XTn 

 

 

The length of the sequence is dependent on the duration of the trace, and the degree of sta-

bility. If the degree of stability is high, the number of entries will be low and vice-versa. It is to 

be noted that the random movement of a node is not modeled because it typically would require 

additional complex processing, which can be a burden on the power and performance of the 

individual nodes [17]. 
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2.2.3 Trace-Based and Synthetic Models 

The referred Synthetic Mobility Models are used to establish a pattern on the movement and 

extract some information that can be used by a communication networking simulation tool. Syn-

thetic models can be simple in implementation and analysis but they also have negative aspects 

such as: they aren’t too much realistic; they can’t be compared to real world movements and 

finally they can’t capture multiple types of mobility patterns. For those reasons and because we 

already have traces, provided by STCP, that in this project we won’t use synthetic models. 

Those traces are already provided, so the developed work will be based on such traces, con-

sidering that those same traces be have some failures. 

 

2.3 Wireless Networks 

In this section we present the technologies used for our envisaged networking scenario, and 

detail the aspects of those technologies that are relevant to the development of the mobility 

event generator. We also clarify some of the terms that will be used throughout the rest of the 

document. 

Wireless Networks refers to a group of devices on a network, interconnected without the use 

of cables but through radio waves and other forms of electromagnetic waves. The classification 

of the wireless networks is based on the area of coverage: personal or short distance networks 

such as WPAN, Wireless Personal Area Network, WLAN, Wireless Local Area Networks, 

WMAN, Wireless Metropolitan Area Network and geographically distributed networks or simp-

ly long-distance networks WWAN, Wireless Wide Area network. The operation mode of a 

wireless network is simple. Through the use of radio or infrared carriers, it’s established the 

communication of data between the points of the network. The data is modulated on the radio 

carrier and transmitted through electromagnetic waves. Multiple radio carriers can coexist in the 

same environment without interference with another carrier. To extract the data, the receiver 

tunes in a specific frequency and rejects the other carriers of different frequencies. Next we 

present the wireless technologies that are gone be used in this project. 

 

2.3.1 Wireless Technologies 

Wireless technologies represent a rapidly emerging area of growth and importance for pro-

viding ubiquitous access to the network for all of the campus community. Staff increasingly 

wants un-tethered network access from general-purpose. There is interest in creating mobile
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computing labs utilizing laptop computers equipped with wireless Ethernet cards. Recently, 

industry has made significant progress in resolving some constraints to the widespread adoption 

of wireless technologies. Some of the constraints have included disparate standards, low band-

width, and high infrastructure and service cost. Wireless technologies can both support the insti-

tution mission and provide cost-effective solutions. Wireless is being adopted for many new 

applications: to connect computers, to allow remote monitoring and data acquisition and to pro-

vide access control and security. 

What follows is an overview of existing wireless technologies and related issues. 

 

2.3.1.1 IEEE 802.11 

The IEEE 802.11 wireless networks, which are also known as WiFi networks, were one of 

the great technological innovations of recent years. Currently, they are the standard in wireless 

connectivity to local networks. As proof of that success can be said the growing number of 

hotspots, and the fact of most of the new laptops already leaving factory equipped with IEEE 

802.11 interfaces. The operation mode of the 802.11 is very simple and it can be described in 

two procedures: 

 

 

1. A wireless device adapter translates data into a radio signal and transmits it using an 

antenna.  

 

2. A wireless router receives the signal and decodes it. It sends the information to the 

Internet using a physical, wired Ethernet connection.  

 

The process also works in reverse, with the router receiving information from the Internet, 

translating it into a radio signal and sending it to the wireless device adapter. IEEE 802.11 can 

transmit up to 54Mbit/s within a maximum range at 150 meters. WiFi has a time delay of 

100ms. 

 

 

2.3.1.2 IEEE 802.16 

The IEEE 802.16, also known as, WIMAX, Worldwide Interoperability for Microwave 

Access, is a telecommunications technology aimed at providing wireless data over long dis-

tances in a variety of ways, from point-to-point links to full mobile cellular type access. The 

operation mode of WIMAX is the same general principles of WiFi, it sends data from one de-

vice to another via radio signals. WIMAX can transmit up to 70 megabits per second. WIMAX 

will blanket a radius of 50km with wireless access, due to the frequencies used and the power of 

the transmitter. WIMAX time delays should be around 50ms. 
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2.3.1.3 UMTS 

The UMTS is a 3G, third generation, mobile communications system that provides a range 

of broadband services to the world of wireless and mobile communications. The UMTS delivers 

low-cost, mobile communications at data rates of up to 2 Mbps. It preserves the global roaming 

capability of second generation GSM/GPRS networks and provides new enhanced capabilities. 

The UMTS is designed to deliver pictures, graphics, video communications, and other multime-

dia information, as well as voice and data, to mobile wireless subscribers. UMTS will blanket 

an area of 2,3km
2
 with wireless access. Time delay should vary between 10 and 40 µs. 

 

2.3.2 Conclusion 

These three technologies (IEEE 802.11, IEEE 802.16 and UMTS) are those who most fit the 

profile of the project, and because that the only ones to be used. In Table 4 we have a brief con-

frontation between the main features of each technology. 

 

 

Table 4 - Resume of some features of the main wireless technologies. 

 

 Range Maximum Rate Delay Time 

IEEE 802.11 150 m 54 Mbps 100 ms 

IEEE 802.16 50 km 70 Mbps 50 ms 

UMTS 1,5 km 2 Mbps 10-40 µs 

 

 

In the actual planning of a mobile communications network for the PTS the only used tech-

nologies will be those technologies described before, so that’s why these are the only that needs 

to be described. As we can see in Table 4 the range, the rate and the delay time differs consider-

ably which means that the three technologies are very different. 

The general idea of using three different wireless technologies in this project is to have a 

WIMAX or UMTS network that cover all the simulated area. At each stop may be implemented 

a covered area using the IEEE 802.11 protocol with a radius of 200 meters to carry out the in-

terpolation process. 
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Chapter 3  

Trace Analysis 

3.1 Overview 

 Trace analysis is a necessary step in the development of a trace-based mobility event gene-

rator model. As said earlier the developed event generator model is based on traces given by 

STCP, so the analysis of those traces, seems unavoidable. The conceded data consists of a file 

with the description of the lines, routes and stops and a file with statistics taken between 7 and 

11 May 2007. The file with this description of the lines, routes and stops takes the form of a 

database with five tables as shown in Figure 14. The first impression of the conceded database 

is that obviously not all data needs to be preserved because not all information about a line, a 

route or even a stop it’s necessary to create a mobility model. It was conceded another file, with 

traces taken between 7 and 11 May 2007. It’s a text file with millions of lines and dozens of 

columns, Figure 15. Each line corresponds into a new entry of a bus and each column corres-

ponds into a parameter, such as time and number passengers. Some parameters have relevance 

like number of bus, time, line id, route id, bus passengers, number of stop, direction and others 

doesn’t have relevance, such as number of cops in the bus and registration number. There are 

other parameters that the given information isn’t very specific leading to their non-use, leading 

us to not knowing the meaning of the same. About these data it is known that correspond to bus 

stops information and it hasn’t information between stops. The data analysis includes a conver-

sion of the provided database into a more convenient format. This new format, Structured Query 

Language (SQL) allows us a more flexible manipulation of the provided data. 

The provided database consists of five tables interlinked on a very particular way, as shown 

by its entity-relationship model, Figure 14. Next there is a description of each table and its con-

tents: 

 

• TD_LINHAS: this table contains the lines that circulate through Porto’s city, a sim-

ple line description and their status, active or inactive. 
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• TD_PERCURSOS: this table consists of all existing routes, with a brief description 

of each one, the line identification and their status. 

 

• TD_TIPO_PRC: this table contains a description of the course type, being classified 

as daytime or night. 

 

• TD_PRC_PRG: this table includes the formation of a route, the identity number of 

the order stops, the direction and the area of which belongs the stop. 

 

• TD_PARAGENS: this table is built by all the stops, their description, their status, the 

street identification and its position. 

 

 

A sample of the provided statistics is shown in Figure 15. These traces correspond to the da-

ta sent by each bus when they are on a stop, i.e. all existing data correspond to stops, and there 

are no data on middle positions. Because there are no intermediate data, interpolations will 

have to be made for more information, corresponding to those positions. In a first analy-

sis it appears that there are also some data with invalid information, such as some stops 

coordinates. These data will have to be either removed or treated. 

 

Figure 12 - Entity-Relationship model of database. 

Figure 13 - Sample of the file with all the information. 
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3.2 Development 

When relating this database with the objectives of the project it was noted that, there are 

some data that are not necessary useful, and some who should be treated, therefore, some must 

be eliminated and the rest treated. In order to treat these data files it was made the following 

process: 

 

i. Export all database to a new text file. 

ii. Make a script that treat all the useful information and to delete the rest. 

iii. Import the new treated information to a new database. 

 

 

A similar process was also made into the trace file. With this file, all necessary fields for 

achieving the main goals of the project, were included in the new database together with routes, 

stops and the rest of the old database in order to be easier to access and more effective compar-

ing with reading from a file. This new database was much more complex than the older one 

because the inclusion of the traces, however allows us a more flexible manipulation of the pro-

vided data. Almost all the tables were maintained with the exception of the route type, which is 

not significant considering that we have specific traces date. A new table was added containing 

the traces and the base information to work with, Figure 16. Occasionally some stops has its 

sequence number, however its direction was not defined. In those cases the analysis of the pre-

vious trace and the analysis of the next trace help us solve the problem. If with the analysis of 

the previous trace and the next trace the conclusion is a partial error of the forgiven traces this 

error is arranged. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 - Entity-Relationship model of the new database. 
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The new database is constituted by the essentials components to create a mobility model in 

order to have computer efficiency. The reformulated database has now 5 tables and less parame-

ters, being these parameters the basics of creating a mobility model. The REGSTATS table cor-

responds to the trace file, Figure 16. Next is a description of each table: 

 

• LINHAS: this table contains the identification of each line, a description and is code 

number, which is the number that appears on top of the bus. 

 

• PRC: this table has all the routes identifications, their description and their corres-

ponding line identification. 

 

• PRG: contains the stops identifications, its descriptions and its position. 

 

• PRC_PRG: this table joins the parameters of routes and stops in order to know the 

constitution of a route. It’s constituted by route identification, stop identification, 

order of stops and his direction. 

 

• REGSTATS: this table simply contains the traces with some necessary parameters 

that were described on the trace file. REGSTATS contains the number of each bus, 

time of the entry, line identification, stop identification, number of people on the 

bus, order of the stop and its direction. 

 

 

One of the main questions was the way to save the positions in the database with latitude 

and longitude, which are universal coordinates, instead of the supplied coordinates X and Y. 

However in order to minimize the error of the conversion, as we going to see latter that can be 

high, felt better keep up with the X and Y. When there is a need of using latitude and longitude 

a formula for achieving this task would be convened. First we need to understand the meaning 

of the coordinates provided and only then proceed with the conversion, however and after a 

search for these specific parameters no information has been given, so another way need to be 

taken, Table 5. The solution was as follows: with the knowledge of a few stops positions using 

Google Maps (GM) we calculate the variation of a unit of X and Y and understand that these 

changes mean a change of latitude and longitude. This led to the following formula that con-

verts X and Y in latitude and longitude: 

 

 

 ( )* *LatStop LatOrigin XLat X YLat Y= + +  (3.1) 

 

 ( )* *LongStop LongOrigin XLong X YLong Y= + +  (3.2)
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Table 5 - Sample of the given coordinates. 

 

Stop ID X Y 

Iprn3 160444.48 467267.01 

cprn3 160804.69 467333.56 

fec2 160814.94 467501.95 

punv1 160952.79 467878.39 

uc2 154843.63 465071.47 

 

After the analysis with GM some results were obtained. Each unit of X generates variations 

in latitude and longitude according with XLat = 7.86792E-07º and XLong = 1.20198E-05º. 

Each unit of Y generates variations according with YLat = 6.77284E-06º and YLong = 

1.91574E-07º. LatOrigin and LongOrigin are the coordinates of X = 0 and Y = 0 and their val-

ues are LatOrigin = 37.8824707715237 and LongOrigin =   -10.6227221748337. These values 

were calculated with the resource one known stop using GM. This conversion has associated a 

very large error, because a simple variation of 1 second, which means 2.8E-04º, imputes a error 

of 40 meters. So some stops may not be exactly that single value. 

To construct the final database, was made a script that simply treats the given files and im-

ports them into a local database. This local database, created in PostgreSQL, may also latter be 

placed on an online server in a questions of minutes. 

3.3 Conclusions 

The main differences between the previous database and the current are: the non presence of 

the table that defines the type of route, night or day. That difference won’t be much important, 

because the time of each entry is already provided. Another difference is the presence of a table 

with data traces that previously were in a single file. It was convinced to introduce this new 

table because it’s easier and faster to read information from a database instead a file. Some in-

formation was deleted because it wasn’t useful and some was rearranged. 

Now the database in use is built on PostgreSQL and therefore is much more convenient, al-

lowing us to manipulate the data in a much more effective way. That is one of the main reasons 

to the extraction of the provided database into a new one. 
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Chapter 4  

Mobility Event Generator Development 

4.1 Problem Statement 

The simulation of large scale networks is a computationally demanding operation. When 

adding mobility, more demanding it becomes. Current mobility models were created for model-

ing reality in detail, regardless of the system size and computation efficiency. From mobility 

historic traces and routes, more or less predictable, we designed a model that approximates the 

minimal number that can replicate vehicle movement efficiency. For example on a UMTS cell a 

10 meter movement may not have any meaning. As we want that the developed model be com-

putationally efficient, is not necessary to sample every 10 meters. Instead, we set a sampling at 

every 100 meters, losing in the aspect of route efficiency but gaining in computational efficien-

cy. For such reason we may refresh the node position with a different granularity. In this work 

we will have to comply with a compromise between representation and a more realistic perfor-

mance computing. 

As example of the previous models, marked as black dots, Figure 15, they try to sample as 

much as possible in order to have real vehicular behavior, however, with less nodes we increase 

the efficiency of the simulation of large-scale networks in despair of a system that replicate 

exclusively the vehicular reality, with small computation inefficiency, Figure 16. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 15 - System that replicate exclusively the reality. 
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The base of the creation of this mobility event generator will be the rearranged traces that as 

said before correspond only to the stops information. In order to create a scalable model the user 

must have freedom to choose the number of interpolations and choose the route and day which 

he wants to obtain results of. Information of stops we already have, now it just needs to be in-

terpolated and needs to know if that same position is on a covered wireless network. To define 

the covered areas the user must have in his possession a XML file that defines all the desired 

covered areas. Then he uploads the file into the server and the result appears. 

In the construction of the event generator some assumptions had to be made, such as, the 

events between two to stops are calculated in a linear form, Figure 17. This means that an esti-

mated interpolation between two stops (represented as red) will be on the shape of the shortest 

path between two points, which is a line. The real route, marked as blue line will in this case be 

approached by the green line, that how we can see is very similar, however it’s not the most 

realistic approach. 

 

 

 

 

Figure 17 - Linear form interpolation. 

Figure 16 - System of the simulation of large-scale networks to build in this project. 
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4.2 Development 

The simulation of large-scale networks implies some conditions, such as not to account 

some useful data in order to have a more efficient simulation. This intentional “loss” of data is 

something that must be supported because this project always considers large-scale simulations. 

However some data will have to be added with a special interest in outlines of each area of cov-

erage. The quantity of such data will be decided by the user, who must provide information of 

the number of samples/interpolations that he wants in those outlines of each area of coverage. 

This new data to include will be extrapolated based on interpolation techniques and it have the 

same form of the traces information. The motive that leads to the inclusion of that new data is 

one of the goals of this work, in other words in the limits of the covered zone has to have many 

interpolations and in a perfect covered area the number of interpolations must be smaller.  

Following the example of a UMTS cell is very intuitive. It’s not necessary to have such a 

detailed sample considering every 10 meters, however if the sample will be fixed at 100 meters 

the simulation is much easier and its analysis much more simple, losing some reality. However 

in the outlines of each covered area it’s necessary to interpolate on a more dramatic way, we 

will say every 20 meters. This interpolation will be left to the user to determinate the number of 

interpolations at the edge of a covered area. The client must also define the value of interpola-

tions to be used both inside and outside a covered area. 

As previously mentioned, the way how the events are created is not the most realistic way, 

because the approximation path between two points of a line. This leads to certain interpolations 

that are outside of the road, however this approach is acceptable. We have to carry out with such 

adoption because if we put the bus flowing through a road would have been a much more 

winding work. Without mentioning that there are one way streets, leading to an analysis of in-

tersections, traffic lights and directions of the streets as prepared in some synthetic models that 

are too much developed and result on a inefficient computer efficacy and needs way more time 

to develop. 

First of all the user must choose a day, between the given statistics days, Figure 18. The pre-

sented interface was developed in order to be as simple and objective as possible. The given 

interface is based on the statistics that were previously given, so the user must choose a day that 

he wants to simulate in order to obtain results. 
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After selected the day, a script will run, and it will return all the routes that are evidenced on 

that particular day. From highlight the fact that some routes hasn´t none entry in the provided 

database, and thus ignored, but making known to user that this route has not any kind of de-

scription in order to be duly informed, Figure 19. For each single day are many routes being the 

most repeated on the next days as expected. As a result of the choice of the day it will still be 

made some statistical data, such as: 

 

• Number of routes flowing on that day. 

• Number of buses flowing on that day. 

• Number of unload buses traveling on that day.  

• Percentage of entries, with unload buses. 

• Number of stops travelled. 

• Maximum number of buses travelling in parallel on a rush hour. 

• Maximum number of people on parallel buses on a rush hour. 

 

Figure 18 - Web user interface of the created mobility model (day selection). 

Figure 19 - Web user interface of the created mobility model (route selection). 
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When selecting the route to interpolate the user also have the option to choose all the routes, 

Figure 20. This option will interpolate all the desired routes on that day and results are presented 

under the form of a XML file. This option was created because of the need to have a file with all 

the generated events for all routes, thus further with the proper software, such as NS2, enables 

the possibility of simulating the Porto’s PTS. 

 

 

After the route selection it is presented in GM all the stops constituent’s of the selected 

route. Note that these stops may contains small errors in positioning, accounting the fact that the 

variation of a single second in latitude or longitude correspond into a variation of 40 meters as 

discussed above. In this interface is presented all the different buses that flows on that route in 

that day, however for each route is chosen a route representative bus. To choose this bus, all the 

entries of each one is counted and the one who haves more entries is chosen to represent the 

route. Which means that the mobility event generator was constructed based on the bus with 

more entries to simulate that particular route. 

 In the interface it is also presented the maximum simultaneous buses. This particular value 

it is very useful. It is known that as a consequence, each route has one single bus at the same 

time. To circumvent that consequence it is used the value of the maximum simultaneous number 

of buses in the defined time interval. With that we simulate the same number of buses based on 

the traces of this route representative bus. The simulated buses are inserted in a particular posi-

tion at a particular time according to the number of simultaneous buses. 

 

 

 

 

 

 

 

 

Figure 20 - Web user interface of the created mobility model (all routes selection). 
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With this interface the user may also have an idea of the selected route, because it is pre-

sented in GM the stops constituent’s of the route. Then it’s asked to choose the wished time 

interval to interpolate, Figure 21. After the time interval selection, the results of the stops are 

presented on a table. This table contains all traces obtained from the route representative bus 

during the selected time interval. It should be noted that, at the beginning of each day the bus 

began not exactly in direction 1 in stop 1 not even in direction 2 in stop 1, which is justified by 

the realistic data that are moving on a cycle. 

At this time the user must define the desired number of interpolations on an edge covered 

area and on a perfect covered area and finally upload a file with all the existents covered zones, 

Figure 22. The uploaded file with all covered zones must be a XML file. This file must have the 

root tag named as zones. Each covered area must have a tag coveredzone in order to distinguish 

each one, Figure 23. Inside the zone must be defined is center, based on latitude and longitude, 

and their radius in kilometers, Figure 24. This schema is very simple to every user define all the 

desired zones without any difficulty. The desired components in this file are the minimum to 

define a covered area. 

 

 

Figure 21 - Web user interface of the created mobility model (time interval selection). 
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If the user does not include a file with the definition of the covered areas, the output XML 

file is constructed by the given traces.

After the submission of the number of the interpolations in the different areas and the file 

uploaded, it is presented in GM all the covered zones that affect the selected route. This web 

user interface simply has the final XML file, with the results o

should be noted that there are several different cove

area of greater radius covering the entire route. In this area the technology used was WIMAX. 

There are also other areas of fewer radiuses, with an approximate value of 150 meters. These 

areas have their center in the stops and use the te

areas are the ones who defines the 

Figure 22 - Web user interface of the cr

Figure 23 - Example of a XML file to upload.
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If the user does not include a file with the definition of the covered areas, the output XML 

file is constructed by the given traces. 

After the submission of the number of the interpolations in the different areas and the file 

sented in GM all the covered zones that affect the selected route. This web 

user interface simply has the final XML file, with the results of zone interpolation, Figure 25

should be noted that there are several different covered areas as shown in Figur

area of greater radius covering the entire route. In this area the technology used was WIMAX. 

There are also other areas of fewer radiuses, with an approximate value of 150 meters. These 

areas have their center in the stops and use the technology IEEE 802.11. These fewer covered 

areas are the ones who defines the local to interpolate, Figure 26. The goal of these covered 

Web user interface of the created mobility model (time interval selection).

Example of a XML file to upload. 

Figure 24 - Structure of the XML file to upload.
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If the user does not include a file with the definition of the covered areas, the output XML 

After the submission of the number of the interpolations in the different areas and the file 

sented in GM all the covered zones that affect the selected route. This web 

f zone interpolation, Figure 25. It 

red areas as shown in Figure 25. There is an 

area of greater radius covering the entire route. In this area the technology used was WIMAX. 

There are also other areas of fewer radiuses, with an approximate value of 150 meters. These 

chnology IEEE 802.11. These fewer covered 

. The goal of these covered 

eated mobility model (time interval selection). 

Structure of the XML file to upload. 
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areas, as said before is to define the locals where an event should emerge. In Figure 26 is shown 

an example of 6 interpolations on a margin covered area and 1 interpolation on other areas. 

As we can see, in areas of the zone limit of coverage the interpolation is more intense than 

in other areas, Figure 26. The aim is to inform the user that the bus is about to leave or to enter a 

covered zone. Inside a zone it is only add one event as specified by the user, because in a cov-

ered area is not necessary many. The areas of coverage are marked with the GM through the 3 

circles. The inner circle represents the real covered area. The circles surrounding represented by 

the smaller circle (90% of the effective radius) and the larger circle (110% of the effective ra-

dius) represent the area where the number of interpolations should be higher. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25 - Web user interface of the created mobility model (results for a single route). 
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If the user has previously chosen to interpolate all the routes the web user interface is a little 

different, Figure 27. The client must submit the time interval, the number of interpolations in 

each zone and must upload the XML file with all covered areas. The obtained results are pre-

sented on a XML file, Figure 28. 

 

 

 

 

 

 

Figure 26 - Web user interface of the created mobility model (results for a single route with zoom). 

Figure 27 - Web user interface of the created mobility model (all routes interpolation). 
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Regardless of the choice of interpolate only one route or all routes simultaneously, the result 

is a XML file with all the events generated. 

4.3 Results 

As final results of this project is a XML file with the desired traces and interpolations, Fig-

ure 29. This file is implemented on a XML-type structure in order to be easier to read and in-

terpret. This XML-type structure follows the structure of a tree, Figure 30. The previously se-

lected route is indicated as the root of the file. As leafs has all the simultaneous buses. Each leaf 

has it’s events with specifications like the date time, latitude and longitude. In case of selection 

of all routes the root has the name of the simulated city, in this case Porto. Each leach contains 

the simultaneous buses and inside it has the specifications previously mentioned, Figure 31. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28 - Web user interface of the created mobility model (results for all routes). 

Figure 29 - XML file with events. 
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These XML files follow this schematic because this work will be integrated in th

planning of a mobile communications network for the Porto’s PTS. Later these XML files can 

be used by the NS2 and simulate the movement of nodes.

Other results withdrawn from th

With the provided traces we can know,

flowing throw the city, Figure 

buses traveling, also known as rush hour can b

Figure 32. These results were somewhat obvious, however they can show us that the provided 

traces are very realistic considering the obtained results

Figure 30 - XML-type structure for route 900.

4.3 Results                                                                                                                         

____________________________________________________________

 

 

These XML files follow this schematic because this work will be integrated in th

planning of a mobile communications network for the Porto’s PTS. Later these XML files can 

be used by the NS2 and simulate the movement of nodes. 

Other results withdrawn from this work were statistical results obtained with the used traces. 

we can know, for example, the time when Porto city have more buses 

lowing throw the city, Figure 32. As expected the time in which there is 

also known as rush hour can be noted for the peaks around 9

These results were somewhat obvious, however they can show us that the provided 

considering the obtained results. 

Figure 31 - XML-type structure for all routes.

type structure for route 900. 
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These XML files follow this schematic because this work will be integrated in the actual 

planning of a mobile communications network for the Porto’s PTS. Later these XML files can 

statistical results obtained with the used traces. 

Porto city have more buses 

in which there is a greater number of 

e noted for the peaks around 9:00 and 18:00 in 

These results were somewhat obvious, however they can show us that the provided 

type structure for all routes. 
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Other result that may be extracted from those traces is the percentage of unloaded buses, 

Figure 33. This value is particularly high. This result may have several meanings such as the 

inappropriate time of the vehicles, the fact of the route does not affect many people among oth-

ers meanings. 

 

 

 

 

 

 

Other relevant aspect is distribution of people in the buses during a day, Figure 34. This re-

sult should complete the previous result of the distribution of the number of buses, and as a mat-

ter of fact it does. The distribution has two peaks located at the exact same time that occurs the 

peaks of the simultaneous buses coinciding with the rush hours. 

 

Figure 32 - Distribution of the number of buses on a single say. 

Figure 33 - Percentage of unloaded buses. 
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Another important aspect is to compare the defined route into the real route. As the coordi-

nates given are on an X and Y axes system, was decided to convert that system to latitude and 

longitude system. It was essential to compare these routes with the existent routes nowadays. As 

known, there are an error associated with the conversion of X and Y axes system into latitude 

and longitude system, however this error does not affect the continuing of this project. The li-

near interpolation was also another retreat, however we want to have computational efficiency, 

tossing away some realism. As said earlier a small variation in latitude or longitude implies a 

variation in the stops positioning. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 34 - Distribution of the people on buses on a single day. 

Figure 35 - Bus stops of route 900 using the mobility event generator. 
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Comparing the two routes there is a certain similarity between them, thus revealing that the 

conversion of the X and Y system coordinates to the latitude and longitude system was very 

effective. Note that the route taken from the web site of STCP distinguishes the different direc-

tions, Figure 36. In the mobility event generator there is no such distinction, but both have 

represented all their stops, Figure 35. Similarly it can be seen in route 70 that the generated 

routes are very similar, Figures 37 and 38. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 36 - Route 900 using the information given in STCP’s web site. 

Figure 37 - Bus stops of route 70 using the mobility event generator. 
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In previous mobility events generators the concern was the regarding of the number of 

nodes. An example to cite is: on a UMTS cell ate every 20 meters were sent data about bus po-

sition and date of transmission. This type of analysis leads to no computational efficiency. How 

is desired to obtain such effectiveness was necessary to address the problem of a different way. 

Thus, the user sets the desired number of events on a covered zone and on the edge of a covered 

zone. Thus only in that edge is that there is a greater concentration of events, leaving a lower 

number of events in areas fully covered. For example if the covered area had 200 meters radius, 

with the mobility event generator built on this project the number of interpolations within the 

covered area is 1 event and its periphery there must be more, let’s say 4 events, Figure 39. Alto-

gether we have around 10 events. Now with the previous constructed models with same radius 

we obtain about 20 events because every 20 meters is sent a new sample. Roughly the number 

of events is reduced to half. Of course, these values depend greatly about the number of interpo-

lations desired for the user. In the example showed in Figure 39 if was used the previously 

created mobility event generators there will be much more events, however most of them will 

be unnecessary and will lead to computer inefficiency. 

 

 

Figure 38 - Route 70 using the information given in STCP’s web site. 
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Depending on the parameters inserted by the user to perform the interpolation, the result is 

more or less effective. The ideal values to be used in case of dealing with 200 meters radius 

areas of coverage is 3 interpolations in edge areas limit and 0 interpolations in perfect covered 

areas. With this amount will be obtained 7 events for each stop, which already is a very accept-

able figure to replicate the actual movement of each bus. 

4.4 Conclusion 

When a bus is traveling on a route through the Porto city it can be found several wireless 

networks using the technologies defined above, IEEE 802.11, IEEE 802.16 and UMTS. There-

fore, as objective of this work it’s used interpretative traces of the buses displacements. When a 

bus is within a covered area the minimum traces are constituted by the information about bus 

stops. In this area the number of interpolations should be less significant, let’s say one interpola-

tion between every stop. For edge covered areas the number of interpolations must be much 

higher, meaning greater quantity, such as every 20 meters. The choice of these numbers is de-

fined by the user in order to get an Extensible Markup Language (XML) with more or less detail 

depending on his need. 

We have developed a mobility event generator based on real traces that is suitable for the 

simulation of large scale networks. The key aspect of this simulator is its ability to interpolate 

geographic point in between known locations. The whole process of interpolation is very user- 

Figure 39 - Example with 4 interpolations on the edge, and 1 interpolation on a perfect covered area. 
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friendly. In the development of each interface the thought was simplicity. Some difficulties have 

been found in its development, which were successfully overcome. In bus number counting 

process the difficult of counting the ones who are flowing at the same time is a very thorough 

process and the mere fact of not having a very high level of detail in the data makes it more 

difficult. The ways to overcome this problem was splitting the chosen time interval in smaller 

time intervals of 15 or 20 minutes and then count the number of buses that send data in those 

smaller different intervals. 

It is used a very useful tool for obtaining graphical results, GM, although these results there 

may be a slight visual error regarding the position of some stops. As this model is constructed to 

large scale networks the visual layer may take a while to appear due to the large amount of 

events to present in GM. 

 



 

 

 

 

 

 



 

45 

 

 

Chapter 5  

Conclusions 

This report has documented the progress in creating a mobility event generator. The initial 

aim of creating a mobility event generator was reached. This event generator follows the speci-

fications of generating the minimum events possible and does not toss away the realism of vehi-

cular mobility. Not only are created events as also we can view them in GM. As output there is 

a file with all the generated events along the route with the edited traces and the events generat-

ed. This file depends on the requirements of the user. If the user wants a more light interpolation 

just needs to simulate with less number of events, if the desired is a more heavy interpolation 

the number of events must be higher. 

In this final chapter we draw conclusion on each of our proposed goals, presenting our 

achievements, shortcomings and suggestions on future work on mobility event generators. 

The minimization of MEs has been accomplished. Comparing this model with the previous-

ly constructed models it is possible to observe a reduction in the number of events. That reduc-

tion was aimed in order to have more computational efficiency. It also met the target of the be-

ing a scalable model since it is possible to retrieve less events or more events ,without forgetting 

that by increasing the number of events will decrease the computational efficiency. This compu-

tation efficiency will only be put to on the line when using the XML file and simulate all the 

routes with the appropriate software, as example NS2. Another goal of the project was the repli-

cation of the vehicular mobility. This goal was also accomplished despite the interpolations are 

performed on a linear form. The fact of this work belongs to the current plan for a mobile net-

work communication for Porto’s PTS required special attention. In order to the work be contin-

ued all the output files are a XML file, with all the events, ready to apply in NS2. 

The obtained results were quite good despite all the difficulties. In the example given for a 

covered area with 200 meters radius there are savings in the order of 50% which means a reduc-

tion in the final data of 50% as well leading to a more computational efficiency. 
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5.1 Future Work 

One of the most inconvenient aspects of this project is the error associated to the conversion 

of the given geographical coordinates into latitude and longitude. This process implies lots of 

decimals and a single variation can take to the bad positioning of a stop. This conversion may 

be improved because the resultant formula to convert those coordinates was obtained under 

visual approximation with GM. It might be developed a tool to realize this conversion with a 

maximum error or 10 meters. Another important aspect to improve is the linear approximation 

of two stops. Since the graphical layer was GM we might access to road definition instead of 

doing a linear approximation. This access may prevent some stops of being off-road. 

Finally the development of an application to simulate the output XML file could be devel-

oped in order to have some graphical bus movement, such as NS2. 
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Appendix A 

Utility Tools 

In the development of the project were used several tools. Some of them with the purpose to 

analyze events and others with the purpose of giving a more visual layer to the thesis. Thus 

highlight the following tools: 

PostgreSQL 

PostgreSQL is an object-relational database management system. It is released under a 

BSD-style license and is thus free software. This particular software was used to create a fully 

operational database. If it is necessary to use this model with other provided traces (taking these 

the same type) it’s very easy and only takes a few minutes. With the use of this database we 

included some add-ons in order to get a visual interface, giving the administrator an easier 

maintenance of the same. It is based in SQL that is a standard interactive and programming 

language for querying and modifying data and managing databases. 

PHP  

Hypertext Preprocessor also known as PHP is a computer scripting language, originally de-

signed for producing dynamic web pages. This tool was used to develop most of this project. 

With this tool we create all database on PostgreSQL, we analyze all the given traces and include 

them on the created database and in this tool that is developed all user interface. 
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Google Maps 

 

Only with the use of Google Maps it was possible to obtain some visual results, since the ul-

timate goal is to be the creation of events. This tool has been used above all in order to be aware 

of the plan of a route and at a later stage to view the areas of coverage that affects the chosen 

route.  

XML 

The XML is a general-purpose specification for creating custom markup languages. It is 

classified as an extensible language because it allows its users to define their own elements. The 

principle was to create a language that could be read by software, and integrate themselves with 

other languages. His philosophy was incorporated by several important principles: 

 

• Separation of the contents of formatting. 

• Simplicity and readability, both for humans and for computers. 

• Possibility of creating tags without limit. 

• Creation of files for validation of structures. 

• Concentration in the structure of information, rather than their appearance. 

 

This tool was used to create the output file because it can be used in the actual planning of a 

mobile communications network for the Porto’s PTS. The client must also input a XML file in 

order to define all the covered areas. 
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