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ABSTRACT 

The government is encouraging the use of public transportation to overcome the traffic congestion problem
in Malaysia. To attract road users to use the public transportation, the circulation of the system has to be
efficient and reliable. For that reason, in this research, a bus identification and monitoring system is built to
enable the tracking of buses, which is one of the most popular public transportations in Malaysia. A few of
technologies are integrated in the system, which are RFID, GPS, GPRS and GIS. GIS is the main technology
discussed in this paper. GIS is used to represent the location of campus bus as a part of the bus identification
and monitoring system by mapping out the bus location and movement in the form of geographic map.
OpenCV, GDI, and EmguCV are used to draw the map and linked to VB.net as the language used for the
whole system. GIS formation from separate layers and the combination of the layers as a map are presented.
Information of the bus such as the timing schedule, driver’s details, bus details and the bus location are also
added in the developed GUI. The bus operation is suitable to be viewed in GIS. Apart from displaying the
location of the bus in the map form, other additional and useful information can also be viewed.
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Introduction

This research is conducted to test the compatibility between Radio Frequency Identification (RFID) and
Geographic Information System (GIS) in Bus Monitoring System. Those two technologies are the main concern
in this study. Nevertheless, in this paper, we are concentrating on GIS which is used as the mapping tool and
is interfaced at the end-user’s side.

Before getting to the main discussion, the properties of the Bus Identification and Monitoring System
should be explained to ease the understanding of this paper. The system mainly consists of three technologies,
two of which are mentioned above, and Global Positioning System (GPS). RFID is a technology that applies
radio wave and is one of the automatic identification technologies used to identify object of interest (Mustapha
et al., 2010). The main devices of this technology are the reader and the tag. These devices interact with each
other when they are in the required proximity from each other. Information gained from the tag by the reader
will be sent to the server and then processed. The use of RFID in this system is to identify, and it is done
when the reader mounted on the bus nears the bus stations equipped with tags.

Another technology integrated in the system is GPS. In order to track the movement of a bus continuously,
this technology is crucial. GPS uses a satellite-based navigation system formed by satellites placed into the
orbit to record locations on the earth. The satellites periodically emit radio signal to GPS receivers to calculate
and display accurate location, speed, time, and to compute two-dimensional or three-dimensional position
information into a useful display format (Kumar and Kevin, 2002). 

The existence of RFID and GPS allows the identification and monitoring of the bus respectively. The
system is not yet completed as there is no software integrated to act as the representation tool, thus GIS is
interfaced. 
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GIS is a map-based system which allows the interpretation and the retrieval of information from the
system. To build a GIS, first a map that contains the earth topography of an area is needed. The map is
created from the compilation of layers of the topography layers, for instance, a layer of road system placed
on top of a layer of the area’s river circulation. Once the map is provided, it is then facilitated with some
functions which enable the management of the map by the authorities. The map which has been associated with
specialized functions builds up a GIS. The GIS is a system that can be broken down into several subsystems
to serve various functions, like the system management subsystem, customer service subsystem, installation and
maintenance management subsystem, aided design subsystem, and analysis subsystem (Yan et al., 2008). In
short, GIS enables the total system management.

The three main components that are tightly integrated to make up a true GIS are as follows (Glicksman
Associates, 2008):
1. Powerful computer graphics to draw the map.
2. One or more databases.
3. The ability to graphically interpret data using suitable analysis tools.

The implementation of GIS as a mapping tool has been conducted in various studies. The GIS and its
subsystem have been successfully implemented in determining the high-speed railway fundamental information
in China (Zhai and Liu, 2009). GIS has also been integrated with other technologies like GPS for digital data
collection, storage, manipulation, and display (Liu et al., 2008).

In transportation, GIS has also been widely used. The GIS for transportation (GIS-T) is the system
implemented in Intelligent Transportation System (ITS) (Lee and Chi, 2008) and it integrates GIS with GPS,
which provides the real-time location of the transport. A high-resolution imagery for the transportation can be
viewed through GIS-T.

Similar to GIS-T, Web-GIS also integrates GPS with GIS, with the addition of the usage of the Internet
(Lu, 2006). The Web-GIS is an improvement from the traditional GIS-T since the mapping interface can be
retrieved anywhere, as long as there is an internet connection. In Web-GIS, the server platform architecture
consists of three layers, which are the user interface layer, the application server layer, and the database layer
(Lu, 2006).

In Vehicle Management System, the implementation of GIS has been vast. The integration between GIS,
GSM, and GPS build up an effective management of ambulances, and the most crucial function served from
this integration is the fastest routing of the ambulance to the nearest hospital (Derekenaris et al., 2001). In
separate studies, GPS and GPRS have been associated with GIS in Vehicle Monitoring System (Wang et al.,
2008; Zhang and Gao, 2007). The integration of these technologies enables the display of the map, the display
of the vehicle position and features on the map, the replay of the vehicle history track, and the alarm function,
in cases of emergencies (Yuan et al., 2008). This integration also proved to reduce the cost of transportation
(Xu et al., 2006).

The GIS has also been integrated with RFID technology in Vehicle Management System in logistics (Wang
et al., 2008). The integration successfully resulted in an efficient Vehicle Management System. From all the
success from the past studies, GIS is chosen to be used as the mapping tool in this research and is integrated
with the three other communication technologies, which are RFID, GPS, and GPRS.

Materials and methods

The system architecture of the bus identification and monitoring system is shown in Fig. 1. 
Fig. 1 represents the system architecture which consists of RFID, GPS, GPRS, and GIS. The RFID

technology acts as an identifier and it works such as that the RFID tag which is attached at the bus stations
is read by the RFID reader mounted on the bus when they are in the required proximity. The RFID reader is
stored in a black box inside the bus, alongside a GPS module and a GPRS modem. The GPS acts as a tracker
that tracks every movement of the bus throughout its journey. Both the data obtained from RFID reader and
GPS module is  then sent to the monitoring center, where GIS is installed, via GPRS. This enables the
authorities to monitor the movement of the bus in a real-time. The building and the function of GIS in the
system solely is explained in this paper.

Fig. 2 represents the software architecture of the system. In order for the data transfer in the system to
take place, internet connection must be present. The GPRS is a medium chosen for the data transaction because
it is stable and covers a wide area. In case when the GPRS connection is out, the data transfer between the
bus and the monitoring station is disabled. This is to say that this system is dependent on the GPRS
connection.
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Fig. 1: Architecture for the bus identification and monitoring system.

Fig. 2: Software and languages used in the system.

Based on Fig. 2, the system flows from the bus, which is equipped with a processor, an RFID reader, and
a GPS receiver. The processor, which uses VB.net as the language, processes the data obtained from RFID
and GPS, and sends them to be saved in the database. The database is managed by mySQL, and all the data
is handled by a website written in php script. The website links the bus with the monitoring station. Whenever
the monitoring station requests for information, the web server handles it. The main function of the website
is to fetch the data from the database, and send it in the right and understandable format to the monitoring
station. At the monitoring station, VB.net is also used as the programming language. The GIS is interfaced
at the monitoring station, and it provides the visual representation of the system.

As stated previously, there are three main features of a true GIS. In the Bus Identification and Monitoring
System, all three criteria are met. First off, to draw the map, Open Source Computer Vision (OpenCV) and
Graphics Device Interface (GDI) are used. The OpenCV is a library of programming functions for real time
computer vision. It is chosen to be used in this research because it is easy to use and it provides fast
rendering. But, using the OpenCV alone is not enough since it does not support the transparency of the image
drawn. In an image, there are four channels that make it up, which is ARGB (Alpha, Red, Green, Blue), and
OpenCV does not support the Alpha channel, which controls the transparency of the image. Thus, to make up
for the drawback of OpenCV, GDI is used. The GDI is a core operating system component responsible to
represent graphical objects and it transmits the representations to the output devices. Its function in the research
is to enable the transparency of the images drawn in the map. Visual Basic dot Net (VB.net) is the language
used to run the whole system, and Emgu CV is the cross platform to allow all the written OpenCV functions
to be called from VB.net.

Secondly, the linkage of one or more databases is needed to form a GIS. In this study, there are three
main databases that are linked to the GIS, which are:
1. Driver’s information: stores the driver’s ID
2. Station’s information: stores the name,  location, and brief description of the station
3. Bus’ information: stores the bus’ ID,  position, send time, receive time, and additional information
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4. Command: feedback from the monitoring  center to the bus
Lastly, the map should be able to interpret data using tools. The purpose of this monitoring system is to

monitor the location of the bus. To serve this purpose, from the GIS, the location of the bus alongside all its
information can be retrieved. Every layering of the map can also be controlled. When the layer of only the
bus stations is required, there are tools that can be clicked on to enable the function. The same goes for every
other function featured in the system.
Results:

The RFID and GPS are the technologies that act as the identifier and tracker respectively. Before the
location of the bus can be seen on the map, the data from the RFID and GPS have to be sent to the
monitoring center.

Fig. 3: GUI of the data transfer at the monitoring centre.

The Graphical User Interface (GUI) of the data transfer at the monitoring center is shown in Fig. 3. The
GUI enables the users to see the information including the server URL and the communication settings. Data
from the RFID communication can also be seen in the GUI, which includes the bus ID, last passed station ID,
the data send time, and the tag time. For GPS data transfer, the details of the data transfer and the list of GPS
replies can be observed in the GUI. 

The server reply is also added to the GUI and it shows the update from the server in real time. There is
also a box showing the status of the data transfer in the system. The GIS has been successfully created as a
part of the monitoring system. The GIS shows the UKM campus map and the routes which the campus buses
make. In the GIS, there are five layers of map stacked together. Fig. 4 is the layers that make up the whole
GIS in this system. The layers are:
1. Base layer
2. Road layer
3. Building layer
4. Train railway layer

Fig. 5 shows the example of the GIS when the layers are combined. The figure shows the combination
of four GIS layers namely the road layer, the building layer, the train railway layer, the river layer; to form
a map. Based on Fig. 5, the circled bus icon symbolizes the moving bus, while the hut icons represent the bus
stations. Initially, only one bus is monitored. The red line represents the bus tracking. The GPS data contains
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Fig. 4: Five layers that form the whole GIS.

Fig. 5: Combination of four layers of GIS.

the longitude and latitude of the location of the bus. In order to transfer the GPS data in the form of map, the
longitude and latitude must be converted to the coordinate (x, y) format. From Fig. 5, the smooth red line
shows that the conversion of the GPS raw data to map representation has been conducted successfully.

Discussion:

From the GIS built, all the information obtained can be analyzed. Fig. 6 shows the details that can be seen
in the GIS. The information is then analyzed and managed by the authorities. From the GIS, we are able to
analyze:

The Communication Between RFID Devices:

When the bus is near the bus station, the RFID devices communicate. In the GIS, when the communication
between RFID devices takes place, the bus station icon blinks, as can be seen in Fig. 6. If the icon fails to
blink, this means that the bus is either does not stop at the bus station or the RFID devices are faulty.
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The GPS Data Transfer:

The GPS depends on the satellites to transfer data. In a bad weather, the satellites are affected. Thus, it
affects the GPS data transfer and the bus location cannot be determined. The failure in the GPS data transfer
can be observed in the GIS when the bus track does not follow the road track in the map smoothly.

The GPRS Service:

All the technologies implemented in this system are communication technologies. GPRS is the medium
used for data transfer for all the technologies to communicate with each other. The communication is disabled
if the GPRS server is down, and a warning sign is shown in the GIS, as shown in Fig. 6, to notify the
authorities of the communication breakdown.

Fig. 6: Information that can be analysed from GIS.

Other additional information that can be obtained by the GIS is the details of the bus and its stations.
From the bus station icon, the information that can be obtained is the name and location of the bus station,
as shown in Fig. 6. From the bus icon, the driver and the speed of the bus can be determined just by pointing
the cursor at the icon. The scale of the map is also shown in the GIS to enable the users to compare the
relative distance between any points.

Future Works:

The Bus Identification and Monitoring System can be further improved by adding more features into the
GIS. In this paper, the implementation of the system in only for one bus is presented. In actual situation, there
are many moving buses at a time in the campus. All the buses have their own assigned route, thus, in future;
an additional function that enables the user to distinguish the routes of the buses will be created.

This research is still under progress. The RFID, GPS, and GPRS as the communication technologies in
the system is developed independently and integrated to complete the whole monitoring system.

Conclusion:

The GIS is suitable to be used as the mapping tool for this system. From the results presented, the
information and details that can be retrieved from the GIS can ease the authorities to analyze the movement
of the campus bus. Many improvements can be made in the future in order to make the system more reliable
to the users, not only to relevant authorities, but to the students as well. 
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This paper proved that one part of the whole system is suitable to be implemented. The other technologies,
which are developed independently, have been tested and are not explained in details in this paper. 
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