
 

System:Case Study of Tanzania Zambia Railway 
Authority 

   

Prof. Dr. Hastings M. Libati  
Computer Science Department, School of 

Mathematics and Natural Sciences  
Copperbelt University 

Kitwe, Zambia 
libati@cbu.ac.zm 

Captain F Kanungwe 
Electrical Department School of Engineering 

Copperbelt University 
Kitwe, Zambia 

fckanungwe@cbu.ac.zm 
 

Fines Miyoba 
Electrical Department School of Engineering 

Copperbelt University 
Kitwe, Zambia 

miyobaf@gmail.com/fines.miyoba@cbu.ac.zm 
 

 

Ndiwa Mutemwa 
Electrical Department School of Engineering 

Copperbelt University 
Kitwe, Zambia 

ndiwa.mutemwa@cbu.ac.zm 
 

Abstract—With the evolution of technology that has occurred 
in digital systems, new services have appeared that can be 
applied in railways. Radio communications play an important 
role in the management of, exploration and maintenance of 
railway transports. Due to the importance of efficient service 
delivery and security in railways, there is need to integrate the 
use of the Global System for Mobile communication and global 
positioning systems. Transportation is a large and important part 
of the economy of any country. Railway transportation is one of 
the main transportation systems worldwide. To this effect, we 
should have a good and strong monitoring system that can locate 
a train at every instant. In this research, a proposal has been 
made for the implementation of a Global Positioning System 
(GPS) and global system for mobile communication (GSM) based 
train monitoring system on Tanzania Zambia Railway Authority 
(TAZARA) railway network that will enable controllers locate 
their trains at every instant. The GPS-GSM/GPRS (General 
Packet Radio System) module will be incorporated in the system. 
A GSM/GPRS module will transmit the location information to a 
web server. Every track and locomotive will be assigned a unique 
number for identification. The information of the train location 
will be continuously updated when the train is moving and the 
users will be accessing the information via the web. The updated 
information will be stored in the web server. Clients will request 
for particular train status and a designed web application will 
show the status in a Google map. An alternative radio voice 
communication system will be incorporated in the locomotives in 
case of failure on the monitoring system. This implementation 
will greatly improve service delivery to the company.  

Key words: Global Position System (GPS), Global System for 
Mobile Communication (GSM), General Packet Radio System 
(GPRS), Railway system, train. 

 

I. INTRODUCTION 
Railway transport is mainly used to transport industrial and 

private goods as well as passengers. Accordingly [1], railway 
industry contributes a lot economically in many countries and 
the Indian railway is the largest railway network in Asia and 
second largest under one management. 

Real time systems are classified into two ways: 1) Hard 
real-time system and 2) Soft real-time system. It is said that in 
hard real time systems, timing is very critical and cannot be 
substituted for other gains for the instance, the control of 
nuclear power plant. In terms of soft real time, timing is not so 
critical and this applies to computerized banking, ticket 
reservation, etc [2]. 

According to [1] though real time tracking of an item may 
be difficult, it is quite an important practice these days. There 
are several methods existing now for tracking the position of 
train along its route. Global Navigation Satellite System is one 
of the methods used in to locate the coordinates of the train. 
The other method is the use of RFID (Radio Frequency 
Identification) [3]. Though methods of coordinates location 
may be the same, the transmission of the captured coordinates 
to a processing centre vary. There are basically two modes of 
transmission of data applied in tracking systems namely cable 
and wireless methods. The most common are optic fibre and 
most recent radio system is the Global System for Mobile 
communication (GSM). Most of the GSM systems utilized is 
the sending of location coordinates via Short Message text 
System (SMS). This method has its own disadvantage in that 
sending of one text message attracts charge per message sent. 
However, with the developments in the telecommunications 
industry, another feature has been added which uses data 
packets to transmit the coordinates via the internet. The charge 
depends on the amount of data sent. Since the railway 
companies are supposed to manage their own systems in terms 
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of signaling, communication and tracking, they are supposed 
to have their own telecommunication network so as to carry 
the required data. This is quite an expensive venture. 

In Zambia trains run late due to various reasons. This has 
brought the desire to develop a real time train tracking system 
looking at Tanzania-Zambia Railway Authority (TAZARA) 
trains and track from New Kapiri Mposhi to Nakonde on the 
Tanzania Zambian boarder as a case study. TAZARA railway 
currently uses manual methods to monitor the position of their 
trains. Station masters on main stations communicate through 
telephone with the controllers at Mpika headquarters who then 
give the messages to the train drivers. The drivers have to stop 
at each station to get authority whether to proceed or not. 
Frustrating enough to the passengers on the platform, the 
information about train location or arrival is written manually 
on the notice boards. This data in most times is un reliable. 
There is always delay of train position knowledge by 
controllers as they rely on the remote station masters to alert 
them of the train’s arrival at that particular station. 

Problem Statement 

Train railway line is divided into blocks. There are two 
types of block systems;1) fixed block system and non-fixed 
block system. 

1. Fixed block system 

Fixed block System refers to a system whereby railway 
lines are segmented into sections known as blocks and only a 
single train is allowed to run in each block at a given time. 

 Non-fixed block system 

This system involves running trains on real time. Blocked 
stretches are monitored such that each train position is known 
through coordinates geographically or coordinates sent via a 
transmission medium and the position determined using 
Geographical Information System and Google maps. 

However, two systems can still be employed simultaneously 
when there is need for maintenance works on certain stretches 
of the railway line. The pictorial presentation of the two 
systems is shown in figures 1 and 2 respectively. In non-fixed 
block systems, two trains can be allowed to run on the same 
track between two stations as long as their actual positions on 
the track are known. This is quite an efficient system in that 
waiting time at the stations is reduced. 

 
 Figure 1:  Example of Fixed block system. 

(Only one train between stations in the same direction) 

 

  
Figure 2: Example of Non-fixed block   system. (Two 
trains moving along same stretch in the same direction. 

Over the years, the signaling and telecommunications 
installations have been subjected to vandalism such that the 
existing system is non- functional in some sections hence 
operating below expectation. During the tour of TAZARA 
regional offices in October, 2015, the author noticed that they 
had challenges on train’s movement monitoring as well as 
communication with the crew.  

In order to provide excellent customer service at a minimal 
cost, TAZARA needs communication and signaling systems 
that are safe, efficient and accurate and function in real time. 
In addition, the systems should be easier to use and with 
replaceable parts. 

Though the Company has plans to install modern signaling 
and telecommunications equipment, to address the current 
challenges, implementation has been hampered by financial 
constraints.  

Tanzania -Zambia Railway Authority controllers have no 
way of determining the actual position of any train on the 
track at any time except when it reaches certain designated 
areas or side stations. This can lead to delayed train schedules 
and to some extent accidents. 

This research project will present a solution to the current 
problem of not knowing the exact location of the trains 
through the use of a combination of Global System for Mobile 
Communication (GSM), Global Positioning System (GPS) and 
Geographical Information System (GIS) (online Google earth 
maps) technologies and software. 

II.  AIM OF THE RESEARCH  
The aim of the research is to develop a Real time Tracking 

and Monitoring system for TAZARA trains using Global 
Positioning System (GPS), Global System for Mobile 
communication (GSM) and Geographical Information 
Systems (GIS) technologies. 

The main objective of this research is to design a model 
system to track and monitor train locations whilst  stationary 
and in motion for TAZARA in real time. 

    Preliminary survey was done to capture the coordinates of 
the railway line side stations covering a stretch from Kapiri  
Mposhi to Nakonde station on the Zambian side. This was 
necessary so as to plot the route for the research. The GSM 
coverage and received signal strength levels for the three 
cellular operators existing in Zambia namely, ZAMTEL, 
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Airtel and MTN were also measured to determine which 
network covers most of the stretch under study. Table 1 shows 
the coordinates and GSM received signal strength levels of the 
stations covered under this research. 
The graphical representation of the signal levels along the 
track is shown in figure 3. 
 
Table 1: Waypoints and GSM Signal levels (RSSI) 
 
 

 
 
 
 
 

 
 
 
Figure 3: Graphical presentation GSM signal levels for Airtel. 
 

III. REAL TIME SYSTEM 
The proposed real time system for TAZARA aims to show 

that it is possible to achieve real time monitoring systems 
utilizing existing radio transmission networks for example, the 
Global System for Mobile Communication Systems (GSM) 
owned by other cellular companies and Global Navigation 
Satellite Systems (GNSS) along the railway line and 
eventually reducing the cost of the system. The proposed 
system further shows that it is possible to transmit the location 
coordinates via data packets using General Packet Radio 
System (GPRS) modules that can ride on G2 or G3 networks. 
Other scholars have come up with efficient real time location 
systems to track trains that require the railway companies to 
construct their own cellular network known as Global System 
for Mobile Communication-Railways (GSM-R) along the 
railway network for communication and tracking ability [4]. 
They have come up with improved methods of increased 
accuracy of coordinates capturing by upgrading sensitivity of 
Global Positioning Systems receivers. Figure 4 illustrates the 
approach taken for this research. 

 

 

 
 

Figure 4: Real-time tracking solution approach 

 

• Data Capture 

     The location coordinates will be received by the GPS 
receiver in a general National Marine Electronics Association 
(NMEA) format. The GPS receiver locks to the satellites upon 
the vicinity of three satellites and the fourth one is for time. 
The general NMEA sentences have several parameters that can 
be decoded according to the requirement of the system or use. 
The NMEA sentences contain information such as altitude, 
speed, latitude, longitude and real time clock. From the 
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proposed structure of the research, the captured data by the 
GPS will serially be sent to the data processor.  
 

• Data Processing 

The data processor is the ATMEGA 328P an 8 bit 
microcontroller attached to the Arduino development board. 
The Arduino development board is a board where different 
components can be connected to do several researches. It uses 
Integrated Development Environment (IDE) software with an 
embedded C language. It allows the researcher to filter the 
received information and only the required data for display or 
transmission. The board is relatively cheap. The destination 
may be via SMS or Server for online display. 

 

• Data Transmission 

  The Arduino development board will be connected to a 
shield called the GSM/GPRS module to transmit the train 
location details as processed by the microcontroller to the 
remote server. SIM 900 GPRS module which conforms to 
2.5G General Packet Radio Service to send information via 
existing GSM networks along the line of rail. However GPRS 
modules have now been upgraded to 3G which even improves 
the speed of data transmission. 

• Data storage 

The transmitted location information will be transmitted to a 
remote server. Once the GPS is powered on and the Internet 
connection has been established, we obtain the longitude, 
Latitude, Speed, Time and Date. Using the AT-Commands 
like AT+HTTPPARA=URL we are able to define the URL 
concatenated with Longitude, Latitude, Speed, Time and Date 
respectively directing us to a .PHP web page. It’s from this 
page where the respective selected values are extracted from 
the URL using Get Methods and inserted into the database 
table called train1 sitting on a XAMP server or on the hosted 
domain tazaratracking.co.za. 

 
 
• Tracking Solution Display!

The information will be accessed by authorized users only 
through Internet using the domain tazaratracking.co.za. After 
logging in, authorized users will be able to see recent train 
location coordinates, time, speed and date as determined by 
the microcontroller. The location coordinates of the train can 
now be pasted on Google map to see the exact location 
visually on the map. The proposed login window is shown in 
figure 5. 

 

 
Figure 5: Logging in window demonstration 
 
 

After logging in the display changes to the one shown in 
figure 6 where one is prompted to choose which train to 
monitor.  

So far only one train has been considered for the research 
and clicking on Train 1, one will be directed to the page 
showing location coordinates, speed and time when the 
coordinates were captured. Table 2 shows how the display 
with information looks like. 

 

 
Figure 6: Train selection window 
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Table 2: Train location information display 

 

 
 

The display shows the same coordinates for a particular  
location  because the GPS receiver was stationery at the time. 

 As an example, coordinates for Nakonde station were 
pasted on Google map and the result is as shown in figure 7. 
The red line is the mapped route of the track from Nakonde to 
Kapiri Mposhi. 

 

 

 
 

 

Figure 7: Location showing Nakonde station on the  

Zambian side. 

 

 

 

 

V CONCLUSION 

From the research, it is possible to develop a low cost real-
time train tracking system using the existing GSM network 
and also using open source software that are available.  
Surface installations are prone to rampant vandalism along the 
railway lines which in turn raise maintenance costs. For 
developing countries, putting up an independent cellular 
network (GSM-R) along the line of rail can be very costly and 
this research offers the affordable solution to improve 
operational activities of the affected railway companies. In 
case cellular network failure along the railway track, an 
alternative voice radio communication system will have to be 
installed in the locomotive driver’s cabins. The current High 
Frequency (HF) radio communication system, whose radio 
transceivers are only limited to side station controllers, should 
be extended to train crews so that drivers are easily reached 
and also use the radio as a backup. 

 

IV FUTURE WORKS 

For Tazara Railway Company to utilize this facility on 
commercial basis and appreciate the technology, it is 
recommended that they consult the telecommunications 
providers to acquire the Colocation facility to host their server 
and also boost speed and security of their system. Colocation 
will provide them with the dedicated Internet Protocol (IP) 
address. Tazara should lobby for more grid power installation 
along the line of rail as this will attract cellular companies to 
put more towers closer to the line of rail and will in turn 
improve signal quality for easy transmission of data from the 
trains to the server. With the presence of 3G or better cellular 
networks, many researches can be conducted to improve this 
research. 
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