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ABSTRACT 

 

Road transport takes about 70% of the transportation systems in Tanzania. With the 

increasing number of vehicles and urbanization, the number of road accidents has been 

rising now and then leading to an increase in the number of casualties and deaths. 

Efforts must be made to make sure that the number of road accidents is reduced. 

Wireless technologies have come as a solution to such road safety and transport 

efficiency issues. Recently, the promise of wireless technologies to support vehicular 

communications and hence improving road safety has led to much research work. 

Integrating traffic information from traffic unit into cellular networks and finally 

broadcasting the information to road users can help increase road safety. 

Simulations using North Chiang Tung University Network Simulator (NCTUns) show 

that using cellular networks at a particular point to broadcast traffic information to road 

users can increase road safety. 

This dissertation discusses the causes of road accidents, the different wireless 

technologies that are commonly used in vehicular communications to increase road 

safety and improve transport efficiency and finally describes the model that can be used 

to provide traffic information. It focuses on the use of cellular networks based on mobile 

phones to provide road traffic information to road users. 
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CHAPTER ONE 

INTRODUCTION 

1.1 General Introduction 

 

Over the last few decades, vehicles have played a big part in the industrial development 

as well as human mobility. With such developments, distances traveled and times used 

for travel by people in different areas have been reduced. The transportation of goods 

and services has also been improved. However, the development of such transport 

systems has brought about challenges to some governments particularly in the 

developing world that have to be overcome. Such challenges include traffic congestion 

and road accidents which have claimed the lives of many people so far. All these 

challenges have increased worldwide as a result of urbanization, population growth and 

increased motorization and mobility.  

 

Improving a country‟s transportation system cannot be done solely by building new 

roads, repairing aging infrastructures or expanding them. The future of an efficient trans-

portation system in any country does not only rely in concrete and steel, but also the use 

of Information Technology (IT). IT enables the use of intelligent devices within the 

transportation system-vehicles, roads, traffic lights, message signs, etc. to become 

intelligent by embedding them with microchips and sensors and empowering them to 

communicate with each other through a combination of communication technologies to 

make an Intelligent Transportation System.  
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Intelligent Transport System (ITS) is a transport system that utilizes ICT for gathering 

information on the different transportation system resources which include roads, traffic 

lights, etc, and the pattern of use. It then uses intelligent devices and communication 

systems to monitor, coordinate and control traffic or provide information in various 

areas. In the developed countries in the world, ITS has brought significant improvement 

in transportation system performance, including congestion control, safety improvement 

and traveler convenience. According to Rawashdeh and Mahmus (2010), ITS can meet 

many goals, among them are to improve safety on the roads and reduce traffic 

congestion, waiting times, and fuel consumptions. The embedded computers, sensing 

devices, navigation systems like GPS, digital maps and wireless communication devices 

together with intelligent  algorithms that are integrated in vehicles have lead to 

development of  different types of applications for the ITS to improve safety on roads. 

The integration of all these systems will help drivers get updated information about road 

conditions and plan their routes optimally. This will help them react to the conditions on 

time. ITS systems could be adopted in developing countries like Tanzania where road 

safety and traffic congestion are a big challenge. 

 

Vehicular Wireless Communication Systems, as part of ITS, are an emerging type of 

networks in which communication is achieved wirelessly in two ways: vehicle to vehicle 

(V2V) and vehicle to roadside infrastructure (V2I). This technology helps provide 

information between each other such as safety warnings and traffic information. 

Common safety applications of vehicular communications include the following: 
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 Alert in case of an accident: This service alerts vehicles driving towards the place 

where an accident has taken place to inform about it and slow down its motion. 

Safety messages will have to be transmitted at regular periods. 

 Alert in case of slow traffic due to factors such as traffic jam, road constructions, 

and bad weather: This service alerts the drivers of the traffic conditions. The 

driver is informed to slow down regardless of the nature of the traffic problem. 

 Collaborative driving: where information is exchanged between vehicles with 

devices (e.g. sensors) which allow them to perceive what surrounds them and to 

collaborate in dynamically formed group. 

 Approaching Emergency Vehicle Warning: The emergency vehicle alerts other 

vehicles to give it the right of the way to pass quickly to attend the emergency 

case. The emergency vehicle broadcasts its information and the other vehicles 

respond accordingly. 

 Road Work warning: The infrastructure broadcasts warning messages to inform 

vehicles approaching work zone areas that there is road work ahead. 

 Intersection Collision Warning: The roadside unit connected with a radar, sensor, 

and camera has the ability to detect all the vehicles approaching the intersection. 

Using the acquired information from the vehicles, the infrastructure can estimate 

the possibility of a collision and hence inform the in-vehicle system which in 

turn warns the driver. 

 Cooperative Collision warning: The vehicles are given the ability to exchange 

information concerning their location, position, speed, etc. Each vehicle uses this 
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information in accordance with its own to warn the drivers of a possible 

collision. 

 Road Condition warning: The on-board systems in vehicles broadcast a warning 

message to other vehicles on the road about the road conditions, for example, 

slippery road. 

Cellular networks on the other hand have seen a dramatic expansion in both the rural and 

urban areas. It is now common to see a higher penetration of mobile phones in rural 

areas particularly along most highways, unlike a decade ago. The use of mobile phones 

could play a big role in improving road safety and mobility. 

 

This study explains the design of a road traffic condition alert model based on cellular 

networks, where road users will be provided with road conditions and be able to take the 

necessary decisions. This will help to improve road safety and eventually increase 

transport efficiency. 

1.2 Problem Statement 

 

Road accidents have been rising in the country with high mortality rate due to increased 

motorized transport. World Health Organization (WHO) approximates annual road 

accidents worldwide to claim 1.2 million deaths with about 50 million people injured. 

According to the annual report released by the Traffic Unit of the Tanzania Police Force, 

there were 18,733 road accidents that occurred in year 2011. In these road accidents, 

3,062 people died and 16,179 people were injured. However, most such accidents are 

caused by drivers who do not observe road safety regulations and who do not take safety  
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precautions. Moreover, most of the transportation infrastructure designed in the 

developing countries some decades ago did not foresee the rapid expansion of towns and 

cities and that of use of motorized transport equipments. Even town planning did not 

provide expansion space for transport infrastructure. This has resulted in traffic 

congestion and decreased road safety especially in cities and towns. Moreover, 

congestion can be caused by misuse of existing infrastructure by motorists, floating 

safety regulations, disregard of road signs and usage and non-optimized and 

uncoordinated traffic light signaling. These traffic congestions lead to economic 

stagnation because people, who are the stakeholders in the development of any nation, 

take many hours in the queues, to move from one point to another. Poor observation of 

road safety regulations leads to increased level of accidents which kill people who would 

contribute to the development of the country. 

 

With the advancement in wireless communications, several technologies have come up 

to solve the issue of road safety and improve transport efficiency. The penetration of 

cellular networks has also increased drastically in both rural and urban areas. This 

penetration makes the availability of mobile phones much easier and hence easy to 

access information instantly and cheaply. The use of mobile phones can also contribute 

to reduction of road traffic congestion that can contribute towards improved road safety. 

This dissertation explains how the diversity of wireless communications technologies 

can be used to enhance road mobility. It aims at designing a road traffic condition alert 

model based on cellular networks to address road safety issues and improve transport 

efficiency in congested cities like Dar es Salaam.  
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1.3 Objectives 

           1.3.1 Main Objective 

 

The main objective of this dissertation is to design a road traffic condition alert 

model based on wireless technology to increase road safety and improve 

transport efficiency in congested cities.  

           1.3.2 Specific Objectives 

 

(i) To investigate the causes of road accidents in developing and developed 

countries.  

(ii) To determine the most appropriate wireless technology for use in road 

networks to improve transport efficiency and increase road safety in 

congested cities in Tanzania.  

(iii) To design a road traffic condition alert model based on wireless 

technology to improve transport efficiency and increase road safety in 

congested cities in Tanzania.  

1.4 Research Questions 

 

(i) What are the causes of road accidents in developing and developed countries and 

the impact to economic development?  
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(ii) What is the most appropriate wireless technology for use in vehicular networks 

to improve transport efficiency and increase road safety in congested cities in 

Tanzania? 

(iii) How will a road traffic condition alert model based on wireless technology be 

designed to improve transport efficiency and increase road safety in congested 

cities in Tanzania?  

1.5 Significance of the Study 

 

The study will determine means to help road users reduce transit times on the road 

(enhancing mobility and convenience), by taking the necessary decisions from informed 

position on traffic conditions provided. Road users in the area of study will also be able 

to plan when it will be most convenient to use the road especially when the road is clear 

or with less traffic.  

 

 In the case of the government and its agencies, the findings of this study could help in 

the planning process on how the importation of fuel lost in queues could be reduced, 

reduction in pollution (environmental benefits) and  in mortality rate from accidents. The 

efficiency of public transport systems will also be increased. All these factors will help 

to boost productivity, economic and employment growth. 

 

The Central Traffic Unit of the police force may also benefit from the project as this will 

help reduce road accidents hence reducing its staff time handling accidents. It may also 

use it for planning how to design, implement and deploy Intelligent Transportation 



8 

 

Systems in improving and upgrading roads in towns and cities which are becoming 

crowded with vehicles. 

1.6 Dissertation Organization 

 

The rest of this dissertation is organized as follows: Chapter two describes the literature 

review related to vehicular communications and wireless technologies in general. 

Chapter three describes the design and simulation of the road safety alert model. Chapter 

four discusses the research findings and finally, Chapter Five gives conclusion and 

recommendation for future research. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Road Safety in Tanzania 

 

Road transport accounts for about 70% of the transportation systems in Tanzania. 

Chiduo and Minja (2000) explain about road safety in Africa and Tanzania in particular. 

Road safety has been of a great concerned by the Government but the number of road 

accidents has been rising every year. The government has made a commitment to deal 

with road safety problem by developing and implementing a comprehensive road safety 

program with the following objectives: 

 Establishing a road safety organization capable of managing a multi sectorial 

integrated approach to the road safety problem. 

  Improving the quality of life in Tanzania by reducing the frequency of road 

accidents and minimizing their consequences. 

 Improving undue damage to road pavements through stringent vehicle and axle 

load control. 

Despite these efforts by the government, the rate of road accidents has been increasing 

from year to year. The causes of such road accidents are as explained below. 
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2.2 Causes of Road Accidents in Tanzania for 2010 and 2011 

 

According to the report from the Traffic Unit of the Tanzania Police Force at the Traffic 

Headquarters in Dar es Salaam, road accidents are caused by different sources. Every 

road user and different government authorities can help to prevent and road accidents to 

a greater percentage. The main causes of road accidents for the years 2010 and 2011, 

according to the Traffic Unit of the Tanzania Police Force (2012), are shown in Table 

2.1.  

2.3 Road Traffic Data Collection in Tanzania 

Providing real-time road traffic information to road users has not been so easy in 

Tanzania. This can be partly attributed to the poor infrastructure and also due to lack of 

the appropriate technology.  In order to provide real-time road traffic information to the 

road users, we need technologies such as GPS to be combined with other systems for the 

collection, the processing, and the distribution of road status data to the road users. 

Currently, traffic data collection is done by road traffic operators who look at the road 

conditions and then communicate the information to the FM broadcasting stations so 

that traffic information can finally be disseminated to the road users.  This method has 

several disadvantages. To get the information on time, you need to have tuned on that 

particular FM radio station. If this is not the case, it becomes difficult. However, traffic 

information disseminated in this way is not given every time and there is substantial 

delay. Furthermore, it is given only during that time when the radio station is 

broadcasting a Road Traffic Information programme. A new mechanism has to be 

designed that will inform the road users about road conditions instantly. 
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Table 2. 1: Road Accidents in Tanzania Mainland for the years 2010 and 2011. 

  SOURCES OF ACCIDENTS YEAR 2010 YEAR 2011 

S/NO  Accidents % Accidents % 

1 Reckless Driving 1,871 11.0 3,032 12.0 

2 Driver Laziness 3,588 20.0 5,744 23.0 

3 Motor Vehicle Defects 4,086 13.0 2,055 8.0 

4 Fire 28 0.2 77 0.3 

5 Cyclist Carelessness 1,987 6.0 1,313 6.0 

6 Motorbike Driver Carelessness 3,906 12.0 3,765 15.0 

7 Over speeding 3,438 11.0 2,158 9.0 

8 Animal Carts 12 0.3 54 0.2 

9 Vehicle Lamps 967 4.0 639 3.0 

10 Road Obstructions 534 7.0 855 4.0 

11 Bad road infrastructure 1,121 4.0 1,115 5.0 

12 Railway Crossing 1,241 0.2 125 0.5 

13 Overtaking 1,220 5.0 1,185 5.0 

14 Pedestrian  Carelessness 1220 4.0 852 4.0 

15 Passenger Carelessness 430 1.0 608 3.0 

16 Cart Drivers Carelessness 86 1.0 238 1.0 

17 Drunkdness 150 0.3 171 1.0 

  TOTAL 24,655 100.0 23,986 100.0 
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2.4 Ways to Reduce Road Accidents in Tanzania 

There are several ways that the Traffic Unit of the Police Force uses to reduce road 

accidents and hence improve transport efficiency. These ways have been used and seem 

to show a degree of acceptance and have helped to reduce the possibilities of accidents. 

These ways are as described in the following section. 

Providing Education on Road Safety: The traffic unit of the Police force provides 

education to different categories of people (bus drivers, tax drivers, pedestrians, cyclists 

and the general public on how to avoid road accidents by practising safe driving. 

Radio and Television Programmes on road safety: Several programmes are aired out for 

viewers and listeners to get knowledge on how to properly use roads and hence improve 

road safety. Radio stations such as Upendo FM, Morning Star FM, and Praise Power FM 

are some of the stations that have such programmes for road safety. Channel Ten 

Television station is one of the television stations that has a programme on road safety 

called “Usalama Barabarani na Uraia (UBU)”. 

Use of traffic police at different stations along the road: There are a number of stations 

with traffic police along motor highways. These traffic police have the right to command 

the passengers to use seatbelts and ask the passengers using public transport about the 

condition of the journey, whether the bus is in good condition and whether the driver 

over speeds when driving. The information helps the traffic police to take the necessary 

steps against the bus owner on the matters related to road safety. 
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The use of Telephone numbers: The traffic unit at the headquarters issued phone 

numbers to the public to be used in reporting issues related to road safety. These 

numbers can be used by any person in reporting any violation of road regulations, any 

accident or communicating any other information that is relevant to be worked on by the 

traffic unit. The numbers used are +255682887722 and +255732928723. Traffic 

policemen, upon arriving in the accident area play a big role in reducing jams and 

making the road available for different users. 

2.5 Overview of Wireless Communications 

Wireless communications is the fastest growing segment of the communications 

industry with vast applications. The first wireless communications system was 

discovered in the pre-industrial age. The systems transmitted information over line of 

sight distances using methods such as smoke signaling, torch signaling, semaphore flags. 

These early communications networks were replaced by the telegraph in 1833 and later 

the telephone. The first radio transmission technology was inverted by Marconi in 1895. 

Radio technology advanced rapidly to enable transmissions over larger distances with 

better quality, less power, and smaller, cheaper devices. Early radio systems transmitted 

analog signals but today most of the radio systems transmit digital signals (Goldsmith, 

2005). 

 

The impact of wireless communications has been notable in different applications in 

different systems that use wireless communications. Wireless technologies have 

gradually migrated to higher frequencies to be able to support higher data rates and 
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throughput (Stallings, 2005). The milestones of wireless communications advancement 

from the shortwave radio that was discovered in the 1930s then the TV, FM radio, 

Mobile Communications, Satellite Communications, Cordless phones, WiFi, WiMAX 

and UWB to lower power applications such as ZigBee and Bluetooth. 

 

Wireless communications has seen its fastest growth period in its history that started in 

the 1970‟s because development the technologies has enabled cost reduction, packaging 

density and enhanced security. The development has led to exponential growth in 

cellular radio and personal communications systems (Rappapot, 2002). However, the  

continued growth of consumer-based mobile and portable communications systems may 

be linked to the allocation and regulations of the radio spectrum together with the 

advancement in the signal processing, access and network areas. Wireless 

communications has been employed in different applications such as data transfer over 

short and long distances, making calls, remote sensing and for broadband wireless 

access. Wireless Communications can also be applied in vehicle communications to 

support different applications. 

 

Vehicular communications consists of vehicles equipped with short range and medium 

range wireless communication technology. They include vehicular ad hoc networks 

(VANETs), vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) 

communications. These VANETs are enabled by using two technologies; 

communication-based systems and sensor-based systems. The former has specific 

advantages over the later; including allowing driver advice and warning in geometries 
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impossible, easy implementation. Moreover, a radio is cheaper compared to sensors 

required to give a vehicle 360 degrees of awareness (Misener, Krishnan and Sengupta, 

2005). Vehicular communication networks enable a plethora of important applications 

and services including road safety and traffic information. These applications are 

intended in improving road safety and saving the lives of people. The figure below 

shows a simple diagram on V2V and V2I communication network. 

 

 

Figure 2. 1: V2I and V2V 

The city of Dar es Salaam has seen an increase in the number of vehicles leading to long 

traffic jams. However, with such an increase in the number of vehicles, road safety has 

been decreased leading to high accident rates and increased rate of causalities. Below is 

a picture of Dar es Salaam city, showing traffic jam condition. Accidents in such 

situations are unavoidable. Designing our roads to improve road safety is the next goal 

ahead. Figure 2.2 shows traffic congestion on Morogoro Road, near Ubungo Bus 

Terminal, during rush hours. 
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Figure 2. 2: Traffic jam in Dar es Salaam: Morogoro Road at Ubungo (Source: 

in2eastafrica) 

 

Figure 2. 3: Road with different types of users (Source: IJSEI, February 2012 

(www.IJSEI.com)). 

Note: IJSEI is International Journal of Science and Engineering Investigations 

http://www.ijsei.com)/
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Figure 2.3 shows a road with different types of users. In such cases, road safety has to be 

to its highest level to avoid accidents. Designing appropriate infrastructure for increasing 

road safety and improving road safety in congested cities such as Dar es Salaam is a 

necessity. Road safety and transport efficiency can be improved using appropriate 

technologies. Such technologies include wireless technologies. These can be categorized 

into different types as discussed below. 

 

2.6 Wireless Vehicular Communications 

Road safety and transport efficiency can be improved if drivers are informed timely and 

continuously of conditions on the road further down the road and to know if any 

emergency has occurred such as collisions, and traffic jams. This becomes possible if the 

vehicles can communicate with each other and with the roadside equipments. According 

to (Misener, Krishnan and Sengupta, 2005), wireless communications can support 

vehicle safety services when all cars have radios and when there is sufficient spectrum. 

Travelling on road would be much safer and more efficient if traffic information was 

given to the drivers, policemen and the authorities concerned on time. 

 

2.7 MANETs and VANETs 

An ad hoc network is a collection of wireless mobile nodes that configure themselves to 

form a network. They self configure themselves without the aid of any established 

architecture. The mobile nodes handle the necessary control and networking tasks by 

themselves through the use of distributed control algorithms. According to Goldsmith 
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(2005), such networks avoid the cost of installation and maintenance of the 

infrastructure. These networks are called Mobile Ad hoc Networks (MANETs). In these 

networks, the mobiles move in a random fashion from one point to another. 

 

Vehicular Ad hoc Networks (VANETs) are a type of MANETs used for communication 

among vehicles on one side and between vehicles and roadside equipments on the other 

hand (Bouassida and Shawky, 2009). Within VANET networks, the nodes are highly 

dynamic and mobile with a motion that is restricted by the direction of the lanes of the 

roads. Vehicular communication networks are established by equipping vehicles with 

short and medium range wireless communication technologies (Jerbi et al, 2009). 

Vehicular networks include VANETs, Vehicle-to-Vehicle (V2V) and Vehicle-to-

Infrastructure (V2I) Communications. 

2.8 Vehicular Network Architecture 

Vehicular wireless network comprises of four main components which are combined to 

form a cooperative ITS. To form such a system, there is no need to have all these four 

components available but a subset of them is sufficient (Lytrivis and Amiditis, 2008). 

The components can communicate with either each other directly within the same 

communication network or indirectly across several communication networks.  Figure 

2.4 illustrates VANET architecture. 
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V2R= Vehicle-to-Roadside Equipments 

Figure 2. 4: VANET Architecture 

Source: Communications in Vehicular Networks Wayne State University, Michigan, 

USA. 

 

2.8.1 Vehicle Component 

The vehicle is equipped with communication capabilities to establish communication 

with other vehicles and the roadside infrastructure. These modules have access to the 

CAN network of the vehicles as well as to other vehicles data which they will collect, 

process and communicate to other vehicles, the roadside units or the central system. The 

vehicle consists of two units: an on-board unit (OBU) and one or more application units 

(AUs). An OBU is a device with communication capabilities placed in the vehicle 

whereas an AU is a device executing a single or a set of applications while making use 

of the OBU‟s communication capabilities. The AU and OBU are usually connected with 
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a wired connection, while wireless connection is also possible (using e.g., Bluetooth, or 

UWB). An OBU can be operational while a vehicle is either in motion or stationary. The 

OBUs are similar to an IEEE 802.11 wireless transceiver which enable communication 

between both the vehicles and the RSUs and among the vehicles.  

 

2.8.2 Roadside Component 

The roadside component includes variable message signs, traffic lights, wireless towers, 

and other units which are equipped with communication capabilities. The roadside 

component can communicate with other vehicles by sending them information or acting 

as a relay station supporting a multi-hop communication. This component can also 

communicate with other roadside units and the central system and therefore forward 

information received from vehicles. 

2.8.3 Personal Component 

This is actually a nomadic device that is a personal navigator or a smart phone, which 

can host a variety of ITS applications. These devices can also support cooperative ITS 

applications based on communication with other road users or the road infrastructure. 

2.8.4 Central Component 

This is a public authority or a road operator who manages the cooperative applications 

or services. The best example of such component is a traffic management centre that 

uses roadside units to inform the drivers about traffic status or accidents in a specified 

road network and suggests alternative routes. The central component can receive 
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information from vehicles or roadside units and in turn send information to them. Figure 

2.5 shows the main components simulated using NCTUns simulator. 

 

 

 

Figure 2. 5: NCTUns Simulator snapshot 

 

2. 9 Wireless Technologies for Road Safety and Traffic Efficiency 

Improving road safety and transport efficiency is essential to minimize road accidents 

and injuries. With the advancement in communication technologies, wireless 

technologies have become a feasible solution to solve traffic and transport efficiency.  
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Wireless technologies can be taken as basic elements of transportation systems. The 

increasing capacity and flexibility of emerging technologies could make it possible to 

create cooperative automotive systems and reduce investment, operational costs and 

accidents, making more efficient transport systems. Communication technologies should 

be used to build vehicular networks to reduce traffic congestion and improve safety. 

Safety and efficiency on roads can be substantially improved with the deployment of 

intelligent systems such as adaptive traffic control, incident detection and management 

systems both in cities and highways. 

Some of the wireless technologies which are commonly used for vehicular 

communications and ITS applications are discussed in the following section. These 

include cellular networks, short and medium communication standards which include 

Dedicated Short Range Communication (DSRC), Infrared (IR) and millimeter-wave 

(MM). Continuous Air-interface Long and Medium range (CALM) standard is also 

explained. There are other wireless technologies such as Satellite communications but 

these are not commonly used. 

2.9.1 Cellular Networks 

These include different generations of networks such as 2G, 2.5G, 3G, 4G and UMTS. 

 2.9.1.1 GSM 

This is a digital system for mobile communications. It is grouped in the second 

generation (2G) of mobile telephone communications. It works in two frequency bands, 

the 900 and 1800MHz. It also involves data communication via short message services 
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(SMS). GSM has a maximum transmission speed of 9.6 Kbps, which can be increased to 

14.4Kbps. It has a bandwidth of 200 KHz. 

2.9.1.2 GPRS  

This is a 2.5G system which supports data transmission via packet switched services. 

The capacity is provided to users on demand and users can send data at any time without 

the need to establish a connection channel since the data to be sent is divided into 

packets with each packet having its destination address. Data rate that is supported for 

circuit switching is 40Kbps while 320Kbps is supported for packet switching network. 

2.9.1.3 UMTS (3G) 

3G is developed to allow data rates ranging from 144Kbps to around 2Mbps for in-house 

and low mobility environment. This increased capacity enables the transmission of 

multimedia applications. UMTS has a bandwidth of 5MHz and it uses CDMA as an 

access method. Table 2.2 gives the maximum data rates for devices moving at different 

speeds in a UMTS network. 

Table 2. 2: Maximum data rate for different speeds in UMTS 

 Radius  Max Data Rate Maximum Speed 

Macro cell 0.5-10 Km 144 Kbps 500 Km/h 

Micro cell 50-500m 384 Kbps 120 Km/h 

Pico cell 5m 2Mbps 10 Km/h 
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Generally, mobile communications are widely used and have long range of data 

transmission. They also offer continuous access to reliable data transmission. 

Nonetheless, the use of cellular systems has some limitations which hinder its use in 

traffic safety applications. Large end-to-end delays make the system too slow for passing 

time-critical information. In these systems, there is a need to obtain the destination 

number which is difficult in case of vehicular communications. A lot of operational cost 

is involved in the cellular technology. Since the technology is shared by a large number 

of users, it would affect the data latency because the probability of voice traffic becomes 

larger.  

 2.9.1.4 4G 

4G is the fourth generation of cell phone mobile communications standards. It is a 

successor of the third generation (3G) standards. A 4G system provides mobile ultra-

broadband Internet access, for example to laptops with USB wireless modems, to 

smartphones, and to other mobile devices. Conceivable applications include amended 

mobile web access, IP telephony, gaming services, high-definition mobile TV, video 

conferencing and 3D television. 4G data networks can be built using either using Long 

Term Evolution (LTE) or Worldwide Interoperability for Microwave Access (WiMAX). 

According to the ITU, a 4G network requires a mobile device to be able to exchange 

data at 100 Mbit/sec. A 3G network, on the other hand, can offer data speeds as slow as 

3.84 Mbit/sec. 
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2.9.2 Wireless Local Area Networks (WLANs) 

A number of WLAN standards with different levels of standardization and 

interoperability exist today. These wireless technologies make use of the unlicensed 

frequency bands at 2.4 and 5.8GHz. The only requirement for using the unlicensed 

frequency band is that the transmission power should not exceed 100mW. All these 

technologies have a limited transmission capacity. Their transmission range is limited to 

several hundred meters in environments with no obstructions while the range can be 

reduced to only tens of meters in a building or path with obstructions. Their main 

characteristics include high data rates up to 54Mbps with a connectionless service which 

makes them suitable to be used in mobile ad hoc networks (MANETs).  

WLAN networks have two modes of operation: ad hoc or infrastructure mode. In ad hoc 

mode, each client is able to communicate directly with other clients which are within the 

transmission range. It is a decentralized type of a network and network nodes share their 

resources within themselves without a central server. In infrastructure mode, there is a 

centralized operation. Each client forwards its information to the central server or access 

point (AP). An association should be made between the wireless clients and the access 

points before data communication takes place. 

IEEE 802.11 is a standard for all WLAN networks. It has an operating frequency of 2.4 

GHz with a data rate of 1 and 2Mbps. It specifies both the MAC and PHY layers. It 

consists of a number of protocols (a, b, e; f, g, h, i, and n). 
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2.9.3 Dedicated Short Range Communication (DSRC) 

This is a newly rising technology in the field of wireless communications which has a 

promising and great potential. One of its major uses has been in the ITS field in the 

establishment of reliable communication link. DSRC is defined as a general purpose 

radio frequency (RF) communications link between vehicles and roadside units. It is a 

short to medium range communications service that supports both public safety in 

vehicle to vehicle communications (V2V) and vehicle to infrastructure communications 

environments (V2I). DSRC is designed for vehicular wireless communications to 

support data transfer in rapidly changing communication environments where time-

critical responses and high data rates are needed (Rawashdeh and Mahmud, 2010). It 

operates in radio frequencies in the 5.725-5.875 GHz (ISM Band) in Europe and 5.850- 

5.950 GHz in the U.S. The band is divided into seven non-overlapping 10 MHz 

channels, one being the control channel and the other six being the service channels. The 

control channel is used to broadcast safety data like warning messages to alert drivers of 

dangerous conditions whereas the service channels are used to exchange safety and non-

safety data like announcements about sales in the neighborhood (Rawashdeh and 

Mahmud, 2010). DSRC consists of Road Side Units (RSU) and On Board Units (OBUs) 

with transceivers and transponders. 

 

DSRC technology is based on the IEEE 802.11 “Wi-Fi” standard. It is an outdoor high-

speed technology extension of the IEEE 802.11a with the exception of some changes 
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necessitated by the need for latency minimization, authorization and anonymity. IEEE 

802.11 standards protocols are not capable of meeting the vehicle-to-vehicle safety  

applications which deal with highly mobile vehicles in addition to offering high levels of 

service quality associated with a number of overlapping communications zones. DSRC 

is to be a complement to cellular and satellite communications by providing very high 

data rates in circumstances where minimizing latency is important. Compared to IEEE 

802.11, DSRC offers one way communication while the former offers two way 

communications. The system uses a physical layer (PHY) similar to that of IEEE 802.11 

which uses OFDM technology. DSRC MAC layer is similar to the IEEE 802.11 MAC 

which is based on CSMA/CA protocol with a few modifications as highlighted below. 

 Optional combination of 10MHz channels to one 20MHz channel; 

 Have special working rules for these channels; 

 Provides a modified ad hoc mode to use for acquiring a link quickly; 

 Providing capabilities for transmit power; and 

 Reducing the data rate to allow communications with higher reliability at high 

speeds. 

The 5.9 GHz band constitutes seven 10 MHz channels which include one control 

channel and six service channels. The control channel contains the announcements of 

services and short data messages while the service channel is meant for extra data 

transfers and particular specific applications. 
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DSRC system is composed of Roadside Units (RSUs) that are connected to the 

infrastructure and On-Board Units (OBUs). As soon as an OBU is sensed within the  

range of a RSU, a message is sent to the OBU on the control channel. When the OBU 

receives the message, it responds back by sending either public data about the whole 

situation or private data concerning its own situation. In the case of vehicle-to-vehicle 

communication, the transmission is initiated by one of the OBUs which hereby borrow 

some of the attributes of the RSU. Only for particular applications, the OBUs will use 

the service channels directly otherwise they will automatically listen to the Control 

Channel and wait for an application to be announced. 

DSRC capabilities can be listed as follows: 

 It has a maximum range of around 1km with a data rate of 6 up to 27Mbps at a 

vehicular speed of 192 kmph; 

 It allows broadcasting of messages which is an advantage over point-to-point 

wireless communications like Cellular Communications; 

 It offers a very low latency of about 100 ms; 

 Can support one-way and two-way communications; 

 It supports point-to-point and point-to-multipoint communications; and 

 It has high bandwidth, smaller error rate and strong resistance to multipath since 

it is based on IEEE 802.11a OFDM. 
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2.9.4 Infrared (IR)  

IR has been used by ITS in some projects in Korea, German and Japan. Two 

components are needed for the infrared system to work. Infrared RSU is required to 

transmit and receive data to/from the passing vehicles. IR on-board unit is another unit 

that is required to stay in standby for a long time. IR system has a high beam directivity 

which is useful in applications where lane dependent messages have to be transmitted 

and also in V2V communication.  

 

2.10 Vehicular Specific Communications Technologies 

This category includes communication categories which are dedicated to vehicular 

applications and actually were the results of additional communication requirements 

posed by ITS applications. Dedicated communication standards for ITS are in 

development for cooperative systems. At the access layer, a convergence towards the 

IEEE 802.11p standard can be observed, while standardization on the network and 

transport layer is still in progress. Several protocol implementations exist and are used in 

demonstrations and pilots. IP communications (based on IPv6) can be used on top of 

IEEE 802.11p, but due to highly dynamic character of the network, dedicated standards 

have been developed and are being standardized by ISO and ETSI. The most important 

are DSRC, WAVE and CALM. 
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2.10.1 Wireless Access in Vehicular Environments (WAVE) 

The WAVE standards are part of a special IEEE working group which deals with the 

design of an efficient communication protocol in the automotive sector to deal with 

privacy, security, multi-channel operation and management of resources. WAVE 

standards define architecture and a complementary standardized set of services and 

interfaces that collectively enable secure V2V and V2I wireless Communications 

(Lytrivis and Amiditis, 2008). 

 

The architecture, interfaces and messages defined in WAVE support the operation of 

secure wireless communication among vehicles and between vehicles and the road 

infrastructure. Applications can use these standards in conjunction with equipment 

operating at 5.9 GHz to provide services for drivers, road operators, facilities operators 

and maintenance staff. 

2.10.2 Communications Access for Land Mobiles (CALM) 

CALM is an initiative that specifies communication architecture, network protocols and 

communication interface definition for wired and wireless communications using 

various access technologies including cellular 2G, 3G, Satellite, Infrared, 5GHz 

microwave, 60GHz millimetre wave and mobile wireless broadband. These access 

technologies are designed to provide unicast, broadcast and multicast communications 

between mobile and fixed stations and between fixed stations in the ITS sector. 
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CALM concept was developed to provide a layered solution that enables continuous or 

quasi continuous communications between vehicles and the infrastructure, or between 

vehicles using such wireless telecommunications media that are available in any 

particular location. 

CALM supports the following types of communications: 

 V2I: multipoint communication parameters are automatically negotiated and 

subsequent communication may be initiated by either roadside or vehicle. 

 V2V: A low latency peer-to-peer network with capability to carry safety related 

data such as collision avoidance and other vehicle-to-vehicle services such as ad 

hoc networks linking multiple vehicles. 

 I2I: the communication system which may be used to link fixed points where 

traditional cabling is undesirable. 

 

2.11 Frequencies Used in Vehicular Communications 

There are no specific frequency bands allocated for vehicular communications neither in 

our National Frequency Allocation Plan nor in the ITU International Frequency 

Allocation Table. Generally, some of the frequencies designated for industrial, scientific 

and medical (ISM) applications are used for vehicular communications known as the 

Intelligent Transportation System (ITS). Currently the ISM band frequencies in the 5.8 

GHz band is used for vehicular communications, being implemented in variable 

frequency blocks from region to region (i.e. Asia, Europe, Americas) and to some 

countries as demonstrated below: 
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 ITU-R:  5725 – 5850 MHz: allocated for use as ISM Band; 

 Europe: 5795 – 5815 MHz/5875 - 5905 MHz):  allocated for ISM Band used for 

vehicular communication;  

 North America: 5850 – 5925 MHz:  allocated for ISM Band used for vehicular 

communication;  

 Japan: 5770 – 5850 MHz: allocated for ISM Band used for vehicular 

communication; and 

 Tanzania: 5825 – 5850 MHz:  allocated for ISM Band used for vehicular 

communication. 

 

2.12 Standardization of Vehicular Communications Networks 

Standards are basically set for interoperability. A number of standards development 

activities towards automotive standardization of vehicular networks to support V2X 

communications based on different regions. These are as discussed below. 

2.12.1 IEEE 802.11p 

This is an approved amendment to the IEEE 802.11 standard to add wireless access in 

vehicular environment (WAVE). It defines enhancements to IEEE 802.11 required to 

support ITS applications. This includes data exchange between high-speed vehicles and 

between the vehicles and the roadside infrastructure in the licensed ITS band of 5.9 GHz 

(5.85-5.925 GHz). Generally, IEEE 802.11p standardization is an enhancement to IEEE 

802.11 necessary to support wireless short-range communications for ITS. 



33 

 

The IEEE 802.11p PHY uses OFDM mechanism of IEEE 802.11a with 52 sub-carriers 

but also uses 10 MHz channel widths rather than the 20 MHz channel width in the 

IEEE802.11a. The OFDM approach used by IEEE 802.11p makes use of the same 

QPSK, BPSK and QAM modulation schemes as IEEE 802.11a but each modulation 

level results in half the data throughput since the duration of each symbol is twice as 

long within the 10 MHz channel width. 

 

The above modifications made on IEEE 802.11a allow IEEE 802.11p to operate more 

reliably in the vehicular environment, where very short duration communications are 

required for vehicle safety and other applications. 

2.12.2 IEEE 1609 

This represents a family of standards that function in the middle layers of the protocol 

stack. These standards have been designed to flexibly support safety, mobility and 

convenience applications that use short range V2V and V2I communications. Common 

examples that are to be supported by these standards include collision avoidance, vehicle 

safety, traffic management, enhanced navigation and automated tolling, to mention but 

just a few of contemplated uses. 

 

The individual standards in this family are identified and briefly described as below: 

 IEEE Trial-use Standard 1609.1TM-2006 – Wireless Access in Vehicular 

Environments (WAVE) – Resource Manager: This standard is a resource 

manager in the sense that it manages the flow of command–response 
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communications with multiple remote applications. IEEE 1609.1 also defines 

data flows and resources, command message formats and data storage formats. 

 IEEE Trial-use Standard 1609.2TM-2006 – Wireless Access in Vehicular 

Environments (WAVE) – Security Services for Applications and Management 

Messages: IEEE 1609.2 defines the security approach for this protocol stack; in 

particular, an authentication approach that allows one-way secure 

communications for low-latency application requirements. It further defines the 

circumstances for using secure message exchanges and specifies the necessary 

handling of those message exchanges, depending upon the purpose of the 

exchange. 

 IEEE Trial-use Standard 1609.3TM-2007 - Wireless Access in Vehicular 

Environments (WAVE) - Networking Services: IEEE 1609.3 covers the network 

and transport layer services that are necessary to support secure data exchanges. 

These services, as is expected at these protocol layers, include addressing and 

routing. Another important aspect of this standard is its definition of the WAVE 

Short Messages (WSM). WSM offers an efficient mechanism by which to 

transfer short messages, such as those used for collision-avoidance vehicle safety 

applications. In a bit of a stretch from the network and transport layers, this 

standard also defines the Management Information Base (MIB) for the whole 

IEEE 1609 protocol stack. 

 IEEE Trial-use Standard 1609.4TM-2006 – Wireless Access in Vehicular 

Environments (WAVE) – Multi-Channel Operations: This standard has been 

considered an „upper MAC‟ in terms of functionality. It allows for multi-channel 
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operation through a channel switching approach and provides an enhanced 

interface to the normal IEEE 802.11 MAC, which generally only supports single 

channel at a time operation. 

 IEEE P1609.0 is a newer standard under development that will provide an 

architectural perspective on the entire IEEE 1609 family of standards, along with 

their relationship to related standards for short-range V2V and vehicle-to-

roadside communications. 

 IEEE P1609.5 is another standard within the 1609 family whose development 

was initiated in 2008. P1609.5 is targeted toward providing communication 

management services for WAVE to support V2X applications. More specifically, 

P1609.5 is intended to utilize trial use knowledge gained in order to extract and 

collect in a single document various communications management services that 

had previously been embedded within 1609.3 and 1609.4. 

 

2.13 Parameters to Characterize Safety Applications in Vehicular Networks 

A number of potential applications based on vehicular networks have been proposed 

from research work. These applications are classified into three groups, namely: safety 

applications, convenience applications and commercial applications. Safety applications 

are the main motivation for vehicular networks, and therefore they are commonly used 

in studying performance of vehicular networks (U.S. Department of Transportation, 

Technical Report, 2006). For modeling and simulating these applications, several 

parameters are used. Some of these parameters are given below. These are: 
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 Type of Communication: It considers point-to-point, point-to-multi-point, 

vehicle-to-vehicle, vehicle-to-infrastructure, infrastructure-to-vehicle etc; 

 Transmission Mode: It describes whether the transmission is triggered by an 

event or sent automatically at regular intervals; 

 Minimum Frequency: It defines the minimum rate at which a transmission 

should be repeated; 

 Allowable Latency: It defines the maximum duration of time allowable between 

when information is generated for transmission and when it is received; 

 Data to Be Transmitted and/or Received: It describes the contents of the 

communication; 

 Maximum Required Range of Communication: It defines the maximum 

communication distance between two entities that is required to effectively 

support a particular application (e.g., 150 m to avoid multi-hop); and  

 Event lifetime: It specifies how long an application event persists in time.  

 

2.14 Limitations of Vehicular Communication Techniques. 

Implementing a vehicular communication system that will help to increase road safety 

and improve transport efficiency is a project that requires a lot of funds since it uses high 

frequency and it is for short range hence requires significant infrastructural investment. 

Each vehicle must be equipped with communication capabilities to establish 

communication with other vehicles and the roadside infrastructure. The vehicle consists 

of two units: an on-board unit (OBU) and one or more application units (AUs). The AU 
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and OBU are usually connected with a wired connection, while wireless connection is 

also possible (using e.g., Bluetooth, or UWB). An OBU can be operational while a 

vehicle is either in motion or stationary. Having each vehicle equipped with such 

communication capabilities would require the government to pass a bill on the use of 

such technologies. The cost implications could be either on the side of the government to 

buy the facilities and make them available so that vehicle owners can purchase them or 

on vehicle owners to make sure that all the vehicles have the necessary capabilities. 

 

Another limitation comes on the construction of roadside units (RSUs).  The roadside 

component includes variable message signs, traffic lights, wireless towers, and other 

units which are equipped with communication capabilities. The roadside component can 

communicate with other vehicles by sending them information or acting as a relay 

station supporting a multi-hop communication. This component can also communicate 

with other roadside units and the central system and therefore forward information 

received from vehicles. Designing and erecting such units in the city involves substantial 

amount of financial resources.  

 

2.15 Road Monitoring Via Cellular Networks 

Recently, mobile phones have become spread throughout the world. It is now common 

to see a big penetration of mobile phone even in rural areas but more significantly in 

trunk roads and highways. This was not the case in the 1990s and 2000s. The evolution 

of such mobile phones has brought about introduction of many applications. The spread 
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of cellular networks opens up opportunities to overcome road traffic problems without 

facing the cost of deploying new infrastructure.  

The coverage area of the cellular network is extensive in cities and along the main 

elements of the transportation systems such as trunk roads, railways and other smaller 

sized roads. GSM/UMTS networks produce an estimation of a mobile phone position 

when it is switched on within network coverage. These estimated positions are called 

cells and location area of the Base station where each mobile phone has been registered. 

These cells and locations are updated and stored periodically in the network databases 

(HLR and VLR). The databases have the locations of all mobile phones at any time to 

provide a good service to its subscribers. 

Mobile phone networks have the ability to identify the current location of each mobile 

phone. One use of such a property is in the field of surface transportation (Wideberg, 

J.P, Caceres, N and Benitez, F.G, 2010). If a mobile phone is present in a vehicle, and is 

switched ON, that vehicle may become a probe. Figure 2.6 shows a pictorial 

representation of the road traffic monitoring model to be designed. 
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Figure 2. 6: Road Traffic Monitoring 

 

2.16 Implementing Road Condition Alert Using SMS 

To implement an intelligent traffic management infrastructure on top of the cellular 

network, there are several issues that have to be put in mind. This implementation is 

achieved through the use of Short Message Services (SMS). It is assumed that, the 

drivers and the passengers in the vehicles using roads will have mobile phones that are 

switched ON. The base station of the cellular network will broadcast the traffic 

information related message in the particular cell. The mobile phones become the 

receivers of the messages that will help the driver and the passenger to know the 

situation that is ahead. This will be done with the help of traffic policemen that are 

always stationed at main road junctions to control the traffic jam. The steps are as 

follows: 
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 Normally, at any point that is known to have high traffic congestion, policemen 

are there to control the movement of the vehicles. Whenever there is any 

obstruction in the road (say, presence of road accidents, traffic jams), the traffic 

policeman in charge of that particular area will have to look at the incidence, 

analyze it to get the nature of the event and the location, look into the cause. 

 The collected information is then communicated via phone numbers giving all 

the important information to the control room of the Central Traffic Unit. The 

numbers used for reporting traffic and road information by the traffic policemen 

and the public are +255682887722 and +255732928723.  

 The Central Traffic Unit then communicates the information to the cellular 

network. The cellular networks process the information into simple short clear 

messages. It then looks for the site ID, site name and the respective cell names 

where the incidence has taken place. The base stations that are located in that site 

are then identified. The cellular network finally broadcasts the messages to the 

different cells that surround the area of incidence. 

Figure 2.7 shows a simplified block diagram of road condition alert model for improving 

road safety and increasing transport efficiency. 
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Figure 2. 7: Block Diagram of the Road Information Alert Model 
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CHAPTER THREE 

DESIGN AND SIMULATION OF THE MODEL 

 

3.1 Design Road Safety Alert Model  

SMS based road information model helps to alert road users about the conditions of the 

road including traffic jams and road accidents. The design of the safety model has been 

done considering all the stakeholders in the road safety issues including TANROADS, 

Control room of the Traffic Unit at Headquarters, Ministry of Works, Airtel and TCRA. 

 

 

Figure 3. 1: SMS Based Road Monitoring 
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3.1.1 Ministry of Works and TANROADS  

The specifications and parameters for modeling the road, especially the Dar es Salaam 

city trunk roads were obtained from the Ministry of Works and TANROADS.  

Some of the important specifications that were needed for the simulation of the roads in 

the city of Dar es Salaam were: 

1. Standard Lane Width = 3.0m. 

2. Safe distance between vehicles on the same lane = 6m at a speed of 60 km/h. 

3. Speed of vehicles at an intersection = 60 km/hr but may vary depending on the 

nature of the intersection. 

4. Traffic light at an intersection: Time interval for changing of light from one color 

to another depends on the nature of the junction traffic. 

5. Distance from the road where advertisements are allowed depends on the nature 

and size of the advertisement. 

 

3.1.2 Traffic Police Unit Headquarters 

All matters related to road safety and transport efficiency were obtained from the Traffic 

Police Unit Headquarters, Dar es Salaam. All information related to traffic and road 

safety is sent directly to its Control room. The control room is responsible in handling all 

cases related to road safety and traffic rules violation matters. The information obtained 

from this section has been discussed in detail in the next chapter. 



44 

 

3.1.3 TCRA and Airtel Telecom Company 

TCRA is a regulatory authority for all communications matters in the country. 

Information about the frequency bands allocated for vehicular communications and 

other unlicensed bands in Tanzania was obtained from the authority. It was found out 

that there are no specific frequency bands allocated for vehicular communications 

neither in our National Frequency Allocation Plan nor in the ITU International 

Frequency Allocation Table. Generally, some of the frequencies designated for 

industrial, scientific and medical (ISM) applications are used for vehicular 

communications known as the Intelligent Transportation System (ITS). Currently the 

ISM frequency band, 5.8GHz, is used for vehicular communications, being implemented 

in variable frequency blocks from region to region (i.e. Asia, Europe, and America) and 

to some countries as demonstrated below: 

● ITU-R:  5725 – 5850 MHz: allocated for use as ISM Band; 

● Europe: 5795 – 5815 MHz/5875 - 5905 MHz): allocated for ISM Band/ used for vehicular 

communication;  

● North America: 5850 – 5925 MHz: allocated for ISM Band/ used for vehicular 

communication;  

● Japan: 5770 – 5850 MHz: allocated for ISM Band/ used for vehicular communication;  

● Tanzania: 5825 – 5850 MHz: allocated for ISM Band/ used for vehicular 

communication; 
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3.2 Research Location 

The case study was done at Ubungo intersection, that is, the intersection between 

Mandela and Morogoro roads. This intersection was chosen because of its well known 

traffic jam during rush hours and hence the area is prone to road traffic issues. Airtel 

Cellular operator was chosen as the operator to provide SMS services to the road users. 

Six (6) cell sites that are located around Ubungo intersection were involved for the total 

coverage of the area. The configuration parameters chosen were simulated using a 

simulator to get the performance of the model. 

 

3.3 Simulation Using NCTUns 

The design of the network was done using NCTUns simulator and emulator. NCTUns 

stands for North Chiao Tung University Network Simulator. It was developed by Prof. 

S.Y. Wang at the North Chiao Tung University, in Taiwan. It is based on kernel-

reentering simulation methodology and it is based on Linux environment. It was publicly 

released for the first time on November, 2002. Since then, it has gone through several 

versions. The last free version was NCTUns 6 which was released on August, 2009. Due 

to its success, in January, 2011, NCTUns was commercialized and the name of its 

commercial version is EstiNet. 
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3.3.1 About NCTUns 

NCTUns is a simulator and emulator with the following capabilities: It simulates 

802.11(p)/1609 vehicular networks in which development and evaluation of advanced 

V2V (vehicle-to-vehicle) and V2I (vehicle-to-infrastructure) applications in the ITS 

(Intelligent Transportation Systems) research field. Other important networks that are 

supported include Ethernet-based IP networks with fixed nodes and point-to-point links, 

IEEE 802.11 (a)(b) wireless LAN networks, including both the ad-hoc and infrastructure 

modes and GPRS cellular networks. Optical networks, including traditional circuit 

switching optical network and more advanced optical burst switching (OBS) networks 

can also be simulated. IEEE 802.11(b) wireless mesh networks, IEEE 802.11(e) QoS 

networks, tactical and active mobile ad hoc networks, and wireless networks with  

directional and steerable antennas. Simulation of 802.16(d) WiMAX networks, 

including the PMP and mesh modes, 802.16(e) mobile WiMAX PMP networks, 

802.16(j) transparent mode and non-transparent mode relay WiMAX networks can be 

done. NCTUns also simulates the DVB-RCS satellite networks for a GEO satellite 

located 36,000 Km above the earth. 

 

3.3.2 NCTUns Installation 

NCTUns is a free and open source simulator and emulator. It can be downloaded from 

the following url: http://www.4shared.com/archive/cfJUEspw/NCTUns-allinone-linux-

26316-f1.html. It has passed through six versions so far. Each release of NCTUns is 

developed for a specific version of Fedora Core. The Linux distribution that works with 
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the latest NCTUns 6.0 and has been fully tested is Red Hat's Fedora 12. Other Linux 

distributions such as Ubuntu may work with NCTUns because they use the same Linux 

kernel as Fedora. However, configurations and settings on these distributions may be 

different from those on Fedora. The latest and free version of NCTUns is NCTUns 6.0 

that was released on January 2009. With the great success of NCTUns, EstiNet 

Technologies Inc. was founded in February 2011 to commercialize NCTUns. The first 

commercial version of NCTUns is EstiNet 7.0, which greatly improves NCTUns 6.0 in 

many aspects and provides reliable technical supports for our valued customers.  For this 

research, NCTUns 6.0 was used. It was installed on Vmware 7. Fedora 12 was used with 

Linux Kernel for the installation of NCTUns Version 6.The installation has two parts 

which include installing Fedora 12 on Vmware machine and then installation of 

NCTUns on Fedora 12. 

 

3.3.3 Installation of Fedora 12 on VMware 7. 

The installation was done as follows and a typical configuration chosen followed by 

selecting the guest Operating System as Linux with other Linux Kernel as 2.6.x. The 

virtual machine was named and the hardware configurations specified. The installation 

was completed by restarting the virtual machine. Fedora 12 was finally installed in this 

Virtual Machine. 

3.3.4 Installation of NCTUns on Fedora 12 

Booted into Fedora Kernel and started a terminal and then booted in as a root user. The 

following commands were typed: 
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 # yum update (update your new fedora 12 installation first)  

 # yum install gcc gcc-c++ make mkinitrd  

 # yum install readline-devel ncurses-devel 

NCTUns-allinione-linux-2.6.31.6-f12.20100113.tar.gz was copied on the Desktop. From 

the terminal, the directory was changed to the location where the tar file was. Then typed 

the following commands: 

                           # tar zxvf NCTUns-allinione-linux-2.6.31.6-f12.20100113.tar.gz 

                           # cd NCTUns-6.0 

                           # sh install.sh or ./install.sh 

 Most of the installation parts were allowed with a yes response. A directory named 

nctuns was created in the /usr/local/ directory automatically during installation. 

 

3.3.5 Starting NCTUns 

To start NCTUns for simulations, the following steps were taken: 

• Restarted the machine,  

• Selected NCTUns kernel from the boot menu  

• Logged in using username/password as nctuns/nctuns  

A terminal was opened and made three tabs. Logged in as root user in each tab by typing 

the command:  

# su –  
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Password: (Enter your root password)  

1st tab: typed in the following: #dispatcher&  

2nd tab: typed in the following: #coordinator&  

3rd tab: typed in the following: #nctunsclient& 

Having entered the commands above from the terminal, NCTUns interface appeared. 

Figure 3.2 shows the three terminals with the starting commands. 

 

Figure 3. 2: Starting NCTUns 

 

The interface that appears is the working area of the simulator. This graphical user 

interface consists of all the modules used in the simulation of different networks. The 

screenshot of NCTUns GUI is given in Figure 3.3. 
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Figure 3. 3: NCTUns Working Area 

 

3.4 Initial Settings 

The 802.11(p) RSUs were fixed along the road at a fixed interval of distance as shown 

below. Depending on the transmitting antenna height and the transmission power (in 

dBm), the radiation pattern of such RSUs was as shown in Fig 3.4. The base stations 

radiated their power based on the configuration parameters set. Other components for 

different network simulations can also be seen from the graphical user interface. 
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Figure 3. 4: NCTUns Base Stations radiation patterns 

 

From figure 3.4, vehicles traveling on the road were in the coverage area all the time. 

This enabled them to exchange safety information and hence avoid the possibility of 

accidents or collisions. The theoretical channel model used Two Ray Ground Path loss 
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model with a Rayleigh fading model. The antenna properties included a 3dB beam width 

at an angle of 360 degrees. 

The simulation included following configuration for the channel model parameters: 

 Frequency = 1800MHz (GSM 1800) 

 Transmitting antenna height = 50m 

 Average Building Height = 30m 

 Average Building Distance = 80m 

 

3.4.1 Simulation Scenario 

The considered scenario was performed on a four-lane road (two lanes up and two lanes 

down). Two base stations one on each side of the road, located at a distance of 100m 

from the centre of the road, and was set to transmit information to the vehicles. The lane 

width was set to 25m during simulation due to the limitation of the simulator to support 

lane widths less than 20 metres.  

3.4.2 Experiment Setup 

 

Six cells close to the Ubungo Junction were considered. These cells belong to Airtel 

Cellular Network. The pilot study was taken at Ubungo intersection which connects 

Mandela and Morogoro roads. The simulation uses IEEE 802.11 (d) WiMAX Base 

Stations. IEEE 802.11 (d) standard defines the specification of the air interface for fixed 
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broadband wireless access (FBWA). The standard has two operational modes: the mesh 

and point-to-point (PMP) modes. The simulation used the PMP mode. The base stations 

managed the network and were connected to the cellular operator network. Information 

from the central traffic unit to the cellular network was first shaped and then broadcast to 

the different cells served by the base stations. All mobile phone in the cells got the 

message. In this way, mobile phone owners got informed of any incidence that might 

have taken place. Hence, road safety and transport efficiency got improved. Figure 3.5 

shows the simulation setup for the implementation of the SMS based road traffic 

information. 

 

 

Figure 3. 5: Simulation Scenario 
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The parameters for the simulation were set according to those given in the six Airtel 

BTSs to suit the environment.  

 

3.4.3 IEEE 802.16 (d) BS Physical-Layer and Channel Parameters 

The IEEE 802.16 (d) point-to-multipoint BS parameters used were: 

 Frequency used -1800 MHz 

 Transmitting antenna height – 50m 

 System loss – 1.0 

 Transmitting power – 35 dBm 

 Path loss Exponent – 4.0 

 Average Building Height – 40m 

 

The theoretical channel model used two ray ground path loss models. The antenna 

parameters included a 3 dB of 360o

 Beamwidth. 
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CHAPTER FOUR 

DISCUSSION OF THE RESEARCH FINDINGS 

 

4.1 Cellular Network Settings 

Common cellular network settings that were made during the design of the model 

include the following: 

 Tower height: This is the height of base station from the ground to the top point. 

For our simulation, a height of 50m was taken. 

 The antenna height: This determines the vertical radiation pattern. The choice of 

the antenna type used depended on the frequency used and the bandwidth in a 

particular band type. In the simulation of this model, the antenna was positioned 

at a height of 35m from the ground.  

 Antenna Type: Two types of bands existed in the simulation of the model; 

GSM900 and GSM1800. GSM 1800 has an increased bandwidth compared to 

GSM900.  

 Transmit power: It is the actual amount of power (in dBm) of radio frequency 

(RF) energy that a transmitter produces at its output. For this case, 35dBm was 

used during the simulation. 
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 System loss: This is the total of all energy lost or wasted on a system due to line 

loss and other forms of energy loss and unaccounted energy use. This loss is 

always greater than or equal to one. The setup above used a system loss of 1. 

 Path loss exponent: This exponent includes propagation losses caused by the 

natural expansion of the radio wave front in free space (which usually takes the 

shape of an ever-increasing sphere), absorption losses (sometimes called 

penetration losses), when the signal passes through media not transparent to 

electromagnetic waves, diffraction losses when part of the radiowave front is 

obstructed by an opaque obstacle, and losses caused by other phenomena. In 

wireless communications, path loss can be represented by the path loss exponent, 

whose value is normally in the range of 2 to 4 where 2 is for propagation in free 

space (rural areas) and 4 is for relatively lossy environments. 

For effective radiation patterns, the base stations were designed with the above 

specifications to cover all the required areas. Table 4.1 shows a summary of the 

parameters considered. 

Table 4. 1: Cellular Network Settings 

S/NO Network  Parameters Value 

1. Tower Height 50m 

2. Antenna Height 35m 

3. Antenna Type GSM900/GSM1800 

4. Transmit Power 35dBm 

5. System Loss 1.0 

6. Path Loss Exponent 4.0 
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4.2 Processing of the Message 

After receiving the information from the control room of the traffic unit, the cellular 

network shaped the information into short flash messages that was received in the road 

user‟s mobile phones. This short message has all the information about the incidence 

that took place ahead such as the nature of the incidence, the location, and the cause. The 

flash messages included a script for deletion automatically after being read. 

4.3 Dar es Salaam City Trunk Roads Specifications 

The study was based on the intersection between Mandela road and Morogoro road at 

Ubungo. These trunk roads have peculiar specifications. According to the road 

TANROADS engineers and the Ministry of Works, the specifications of such trunk 

roads are: 

 The standard lane width is 3.0m in the main city roads. 

 Safe distance between two vehicles on the same lane is set to 6m when the 

vehicles are at a speed of 60km/h. If this distance is maintained, the drivers may 

be in control if anything happens. 

 At an intersection, the speed of vehicles must be reduced. Depending on the 

nature of the intersection, the speed is set to 60km/h. 

The research is applied to all junctions and roads that are known to be heavily 

congested, especially for highways with junctions. All these roads have four lanes, two 

moving in one direction and other two lanes moving downwards. In this way, road 

safety is increased and hence transport efficiency improved. 
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4.4 Control Room at Traffic Unit Headquarters 

The control room is a centre where all traffic related information from different parts of 

the country is forwarded. The information about traffic and road safety reaches the 

control room using radio calls and mobile phones. Using the designed model, road 

information about any road accident, road collision, and road works from the traffic 

policeman at a particular intersection can be received at this point. The control room 

then forwards the whereabouts of the incidence occurred to the cellular network, which 

then processes and shapes it. The cellular network then forwards the information to the 

Base stations near the area of incidence. The base stations then broadcast the 

information to the road users. 

The control room processes quickly the information obtained from the traffic police at a 

particular point. This helps to reduce the delay that normally takes place when road users 

need to know what has happened ahead so that they take the necessary decisions. 

4.5 Simulation Results 

Simulation of the model showed that, the system worked on different types of roads. It 

can work with straight and winding roads and at intersections. Figure 4.1 shows a four 

lane straight load with two base stations showing their areas of coverage in which all 

road users within the coverage areas can be able to receive road traffic information. 
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Figure 4. 1: A Four Lane Straight road 

 

A few base stations installed alongside the road are used to cover a longer piece of a 

road and hence be able to provide information to many road users which eventually 

increases awareness about the road condition and hence improves road safety. 

4.6 Improvement over the Existing Methods of Traffic Data Collection 

Traffic data collection is done by road traffic operators who look at the road conditions 

and then communicate the information to the FM broadcasting stations so that traffic 

information can finally be disseminated to the road users.  To get the information in 

time, one needs to have tuned to that particular FM radio station otherwise no 
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information may be received. If this is not the case, it becomes difficult. However, 

traffic information disseminated in this way is not given every time and there is 

substantial delay. Furthermore, it is given only during that time when the radio station is 

broadcasting a Road Traffic Information programme. These disadvantages have been 

solved in this SMS based traffic information model.  

With this model, road information is given on time to particular road users. The 

information flow in this model is fast that the message gets delivered to the road user 

within a short time after the incidence has taken place. However, this makes the user 

make the right decisions about the route to be taken to reach the destination. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

Road safety is a serious issue all over the world, the case being more severe in African 

countries. Tanzania, as one of the African countries, suffers a lot from road safety and 

transportation issues. As the number of vehicles keeps on increasing especially in towns 

and cities, more accidents keep on occurring. The occurrences of such accidents have 

lead to casualties and death of many people. The proportion of accidents occurring in 

towns and cities is rising due to the rapid urbanization of many developing countries. A 

systematic approach to road accidents prevention and casualty reduction in town or 

cities must be put in place.  Improving our transportation system cannot be done solely 

by building new roads, repairing aging infrastructures or expanding them. It can be 

achieved by using other means such as using wireless technologies based on cellular 

networks. 

This work has shown that using cellular networks can help to provide awareness on the 

road conditions. This can be achieved using mobile phones by providing the necessary 

information. This functionality adds another useful feature to mobile phones besides 

receiving/making calls and for Internet access. They can also be used to provide road 

traffic alert on any incidence that might have taken place. The implementation of this 

technique is easy since no infrastructural cost that is incurred to mobile phone users. 

There is no need of installing additional devices along the road network although a few  
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hardware may be necessary. The use of SMS to provide road traffic conditions to road 

users can help road users to be aware of the conditions of the road and be able to arrange 

for an alternate route or make a wise decision on how to go ahead. 

 

5.2 Recommendations for Further Research 

The design of an SMS based road traffic information model can help, to a great extent, 

improve road safety and hence increase transport efficiency. The model is based on the 

fact that the traffic policeman at a particular point sends road information to the central 

traffic unit which then sends information to the cellular network operator. The cellular 

network operator then shapes the message and broadcasts it to the road users at a 

particular point. To design a much improved model, there are several recommendations 

for future research that have to be considered. 

In this model, the road condition information is sent to all road and non-road users. In 

this case, all the people in a particular site will receive traffic information, regardless of 

whether they are using the road or not.  For future research, a filtering mechanism can be 

designed to filter out those non-road users so that traffic information goes to road users 

only. 

Another possible extension to this project can be the design of a mobile application that 

can be installed in mobile phones to give road traffic information whenever needed. This 

mobile application can help road users get traffic information about the roads so that 

appropriate decisions can be made. 
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The project dealt with only Airtel cellular operator, which means only road users using 

Airtel Subscriber Index Module (SIM) will be able to receive traffic information. To 

cover majority of the main roads and highways, a study can further be made to see how 

to integrate other cellular operators such as Vodacom, TiGO and Zantel be involved. 

This will increase coverage and more road users will be informed of the road conditions 

ahead.  
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