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Intelligent Bus Monitoring and Management
System

M. A. HANNAN, A. M. MUSTAPHA, A. HUSSAIN and H. BASRI

Abstract—This paper deals with the implementation of an
intelligent bus monitoring system based on current challenges
and problems. In this system, radio frequency identification
(RFID) and integrated sensing technologies such as global
positioning system (GPS), general packet radio service (GPRS)
and geographic information system (GIS) are used to monitor
the movement of a bus. A new theoretical framework and ruled
based decision algorithms are developed for the system. An
experimental setup is developed for the prototype
implementation. The results show that the choice of integrated
technologies used in the system is suitable to monitor and
manage a vehicle transportation system.

Index Terms— Sensing Technologies, RFID, GPS, GPRS,
GIS.

L. INTRODUCTION

RFID is a wireless identification technology that has been
used in many fields, including solid waste bin monitoring
[1][2], human, animal, goods, and object tracking [3-7], and
in street trees management [8]. Past researchers have proven
that the implementation of RFID in any identification and
monitoring system can improve the overall performance of
the system at affordable prices [9]. For that reason, RFID is
chosen as one of the technology implemented in the bus
monitoring system. Along with RFID, other sensing
technologies such as a GPS, GPRS, and GIS can be used in
a monitoring system. GPS, GPRS, and GIS have been
integrated together in various studies, and the good results
demonstrate that the technologies are compatible. From the
reviews, RFID, GPS, GPRS, and GIS are chosen to be
integrated and tested in the realization of a bus monitoring
and management system.

An intelligent system is a system that is able to act
according to its situation without having to be instructed by
humans. For instance, in an intelligent car cruise system,
image processing is used in order to detect the car, base on
the image signal obtained [10]. In general, an intelligent
system consists of a data processor, which can be an expert
rule-based system or a machine learning system, such as an
Artificial Neural Network (ANN), which is usually used as a
data trainer [11]. A machine learning system fed into an
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intelligent system enables the overall system to classify
current events on its own. In addition to feeding a learning
machine into a system, an intelligent system can also consist
of a simple formula that produces a series of inputs and
outputs, which can be interpreted by a finite-state machine
[12].

Bus monitoring and management system intelligence studies
fall under the category of Intelligent Transportation Systems
(ITS), and ITS includes a public transportation control
framework [13][14], road traffic management [15], and the
application of traffic control [11]. There have been a number
of previous studies addressing intelligent transportation and
vehicle  monitoring  systems  [16-18].  Intelligent
transportation enables various technologies to be applied in
transportation systems and is defined as the use of
information and communication technologies to collect,
process, and transmit traffic data to transport users and
operators [19][20]. Vehicle monitoring systems, however,
only take vehicles into account; for example, auto-
positioning systems can be applied to vehicle monitoring,
vehicle control, and vehicle management.

As mentioned previously, there have been a number of
studies focused on transportation and vehicle monitoring
systems. However, only a few studies have incorporated
RFID technology and have integrated communication
technologies in VMS [21]. Wang et al. [22] integrates RFID
with GIS and GPS with Visual Basic.Net and Visual Earth
as the software platform to build a real-time vehicle
management system. A mobile RFID system had also been
realized to ensure the safety of vehicles, in which RFID
technology is embedded with Web-GIS [23]. RFID is also
used to track vehicles in parking lots [24]. The incorporation
of RFID in vehicles enables the vehicles to be tracked
without using GPS. Although the tracking is not continuous,
unlike GPS, the location of the vehicle can be easily
determined at checkpoints where the RFID communication
devices connect with each other. RFID in VMS is also
beneficial in preventing car theft.

As mentioned earlier, GPS is one of the core technologies
implemented in this research to enable effective wireless
navigation system. GPS has been used widely for tracking
and monitoring purpose and it functions on the wave
radiation on satellites. Even though GPS is used vastly for
navigation, it is still lacking and prone to errors. Chiang et
al. stated that there are two important error sources for GPS,
which are phase multipath and direction-dependent
variations in the antenna phase center [25]. In 1996, Axelrad
et al. mentioned about the signal multipath problem in GPS,
which occurs when a signal faces obstacles along its way to
the GPS receiver on ground, and its correction [26], while
the error factor in the GPS based station reporting system
was analyzed by Bo [27]. GPS functions were further
enhanced when Lundberg presented two new closed form
algorithms as an alternative for the GPS static positioning
solution [28]. Xu et al. method was put forward on error
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compensation of velocity and position coordinates by the
GPS using neural network [29] while in a study by Rashad
and Aboelmagd, artificial neural networks (ANN) was
utilized [30]. Although corrections and modifications had
been made, GPS still faces challenges that can still be
solved.

This paper developed an intelligent campus bus
identification, monitoring and management system using
RFID and sensing technologies. A theoretical framework
and interface algorithm utilizing RFID and communication
technologies, i.e., GPRS, GPS and GIS, has been developed
for a prototype. The interface algorithm in the control center
is able to analyze the location of the bus, information about
the driver and the status of the bus, and whether it follows
the schedule. Thus, the proposed system should be able to
enhance the efficiency of the campus bus system.

1I. METHODS AND SYSTEM

Fig. 1 is the system architecture for the bus
identification and monitoring system. A black box
containing RFID reader, GPS, and GPRS transmitter is
equipped in the moving bus. As the bus approaches a bus
station with an RFID tag, the distance between the reader
and the tag decreases and causes them to interact with each
other. This communication produces data and the data
obtained is sent to the monitoring center via GPRS.

Black box
RFID Reader

GPS
GPRS

e )

) E ‘i Bus station m: Bus with Black box
- with Tag 0 0

) A

N
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Fig. 1. Architecture of bus identification and monitoring system.

The method used to implement the proposed system is
divided into two subsections: theoretical framework and
interface algorithm. The prototype was developed using
RFID, GPS, GPRS, and GIS to form an intelligent bus
monitoring system.

I1I. THEORETICAL FRAMEWORK

The interface between the RFID and sensing technologies
processes the data and updates RFID bus information, GPS
and GIS in the system and a database using the GPRS
network, as shown in Fig. 2. As mentioned in the previous
section, the data only start to circulate when there is sensing
between the RFID tag and reader. At the same time, the GPS
module is activated and provides the location of the bus.
Both RFID and GPS data are sent to the database through
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the web server over the GPRS network. If the network fails
to connect, the transmitter continues attempting to connect
until the receiver is able to read the signal. Once the
connection is established, GPS and RFID data are then
stored in the database and include the location of the bus and
the time of arrival. The stored data are retrieved by the user
interface and updated accordingly. The data are updated at a
required time interval, and the loop is run repeatedly until
the system is shut down.

RFID Tag
RFID Reader

GPS & GPRS Transmit

GPRS Receiver

v

Storage of the required
information (time, location)

v

Update the GIS map

v

Update RFID Database

Fig. 2. The processes of updating the GIS and bus
database.

For the proposed system, the theories for RFID and sensing
technologies are integrated on a bus platform to monitor and
manage bus transportation. The theoretical framework of the
bus monitoring and management system is based on data
communication among an RFID tag and reader, GPS data
transmission using GSM & GPRS networks, and a retrieved
data interface with GIS. The RFID reader has to obtain the
data from the tag. To achieve this, the RFID reader
continues radiating an RF signal, i.e., operating energy or
effective isotropic radiated power (EIRP), to the RFID tag.
If the bus station associated with the tag lies within the
reader's range, an alternating RF voltage is induced on the
reader’s antenna. The voltage is then rectified to provide a
direct-current (DC) supply voltage for tag operation [31].
The power level received by the tag determines the
read/write range and identification range between the reader
and tag as follows:

R S % EIRP reader G tag (1)
T P

tag

where, EIRP is the effective isotropic radiated power, Ptag
is the power required at the tag antenna output, Gtag is the
tag antenna gain, and A is the free-space wavelength of the
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RF carrier. Other equations expressing the power available
to the tag and power detected by the reader are as follows:

1\
—G (2)

Pav:EIRP'Greader'4nR2'4Tc' tag

where, Pav is the RF power available at the tag’s antenna.

In a passive RFID system, the power received by the tag
directly determines the read/write (R/W) range and the
identification range between the reader and tag. The tag
must send sufficient power back to satisfy the reader’s
sensitivity, which is determined from the maximum
allowable bit error rate (BER). Thus, the power link between
the RFID reader and tag needs to be investigated carefully.
However, before determining the distance between the
reader and the tag, data encryption is needed in RFID
technology as a safety measure. Data encryption protects the
data in the RFID tag. If the data stored in the tag is not
encrypted, any reader is able to read the information or the
tag may not allow the rightful reader to view the information
[32]. To prevent these events, the reader used must be
authenticated with the tag, and only the rightful reader can
retrieve the data contained in the tag. The data encryption
mechanism is shown as follows:

where, P expresses the amount of plaintext, C expresses the
amount of ciphertext, K is the key or the space key, E is the
encryption algorithm and D is the decryption algorithm.
After the data encryption has been performed, the distance
between the reader and the tag can be calculated and
verified using parameters such as the frequency of the
reader, wavelength of the reader, period of time for tag
detection, and the number of detections within a period of
time [33]. Thus, the distance between the reader and the tag
can be estimated as follows:

_ U xvexpy)

d
0 (2xc,)

3)

where, dx,0 is the distance between the tag and reader x, fx
is the frequency provided by reader x, vx is the wavelength
of frequency provided by reader x, px is the period of time
for tag detection and cx is the number of tag detections
within a period of time.

When the reader and the tag are in the required proximity,
the system requires the message read by the reader to be sent
to the system. In addition to RFID, GPS technology is also
able to help the distance estimation between the RFID
reader and RFID tag. GPS gathers location data from the
satellite and sends them to the web server of the system
along with RFID data. GPS data can be used to determine
the minimum distance between the bus station location and
the position of a bus equipped with a GPS module [34]. The
minimum distance between the moving bus (reader) and the
station (tag) is determined at the user interface as follows:

min:(\/(x x)P+ (v ov)? (4)

where, min is the minimum distance between the bus station
tag and bus reader, (X, y) is the GPS coordinates of the
reader in the bus and (xi, yi) is a point at the tag segment.
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Once RFID and GPS data are obtained, they are sent to the
web server via GPRS. GPRS acts as a communication
medium that enables the data to be sent wirelessly and
performs integration between hardware and software [35].
The GPRS estimate of the distance between the GPRS
transmitter and receiver is obtained as follows:

T4 — distance = (TA value + %) x dTA %)

where TA-distance is the time advance distance, TA-value is
the fixed value depends on the GPRS module and dTA is a
fixed value of 554 m. TA value is the value of GPRS
coverage by satellite. The range of TA value is from 50-53
dBW. Thus, the maximum TA distance obtained is 29.6 km,
and GPRS provides best service in this distance.

Data collected by the RFID and GPS are saved in the
database and are retrieved whenever prompted by the user.
In the study, GIS is interfaced and used as the mapping tool.
GIS is used in this study because of its layers and imagery
perspective of transportation for extraction of the
accessibility index. The Gutierrez and Gomez model is
generated with actual transportation layers or a digital map
as follows [36]:

ST M,
4 == (6)
1M

where, Al is the accessibility index of the extraction method
at the ith node, n is the number of nodes in the map, Tjij is
the travel time between the origin to the destination at the ith
and jth nodes and Mj are the objective factors, such as
population or job opportunity.

This study focuses on RFID data, GIS layer and imagery
data. Thus, web sensed imageries are co-registered with
actual transportation layers or a digital map.

IV. DECISION ALGORITHMS

In this study, there are three main decision algorithms that
need to be considered to complete the communication
between the technologies. The first decision algorithm is the
reading range of the RFID technology devices. UHF RFID
technology used in this study enables up to six meter
reading range between the reader and the tag, thus, the
following rules need to be satisfied:

a) Ifd,,< 6m, then the reader obtains the information

from the tag.
b) If d., > 6m, then the reader does not obtain the

information from the tag.

When the RFID tag is in the vicinity of the reader, the tag
does not immediately give permission to the reader to read
it. This is because RFID tags used have been encrypted for
safety purposes. Encrypted tags only allow related readers to
access the information saved inside it. If unrelated readers
try to rip off the information inside the tags, the tags block
their attempts by not allowing access. The decision
algorithm for the tag data encryption, S, is as follows:

¢) If all the mechanism in S is fulfilled, then data in

the tag is encrypted and the tag only allows
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authenticated RFID readers to obtain the
information from it.

d) If all the mechanism in S is not fulfilled, then data
in the tag is not encrypted and the tag allows even
unauthenticated RFID readers to obtain the

information from it. B D Rl v Lt Tl Onlag 5 Dda
Once the communication between RFID reader and tag i DUIAL. BHO0S] AL, Toe 5PGGA ISR,
takes place, the data retrieved by the RFID reader and GPS bustestD1 W[ EM000R4 WA | Tue SGRG3ATI0ME0.
are sent to the control center via GPRS. GPRS devices e mmap. mummnce AIAI.. Tue 5PGGA 0.
include a data transmitter and data receiver. The . yn Guanm AV, | Tue SGRGGA DA,
communication can only take place provided that both
devices are in the required TA distance, The TA distance =0 DUVl QMG AL, Toe 5PGGA 4.

has been determined that 29.6 km is the maximum distance Fig. 4. The database for the bus monitoring system.
between GPRS transmitter and GPRS receiver. The decision
algorithms are as below:
e) If TA distances < 29.6 km, then the data is sent to ~ The driver‘s information including the name, his worker’s
the control center. ID and some necessary notes can also be viewed by clicking
f) If TA distance > 29.6 km, then the data is not sent on the bus ID button and is presented in Fig. 5. All the
’ information sent out is saved in the database and then sent
to the control center. out whenever the control center is prompted for it.
Decisions of a), ¢) and e) are the rules that ensure the system
works well. On the other hand, decisions b), d) and f) are the

T Driver Info =)
rules that cause the system to fail its purpose. When any one Al bin Abu -2 QX
of the success rules is not obeyed, the system will not work '
and need to be troubles hooted. Driver Tag 1D E0 04 00 00 38 07 90 05 00 00 00 00

Name Ali bin Abu
Driver ID T123456
V. RESULTS AND DISCUSSION Note Tedt Driver 1

When the RFID tag is read by the reader, the sent data
sent are processed, as are the GPS data. The status of the Fig. 5. Driver’s detailed information.
data processing can be seen in the GUI shown in Fig. 3. The
information that can be obtained includes the URL of the
server, the bus ID, the RFID data sent time, the last tagged

station ID, and replies from the server and GPS. All the At the end-users’ side, the GIS is interfaced as shown in Fig.
sensing settings are also visible in this GUI. 6. The information retrieved from the GIS includes the

following i) the continuous position of the bus, obtained
from the GPS technology ii) time to reach the bus station,

= Buthet ==& which is determined from the communication between RFID
VAL e TO bl OmSer  CPSReol devices iii) Information about the bus stations and iv)
BusiD testbus Pot COM3  sGRaSRADMRI0LS, . 453230 information about the bus.
o TR T ﬁgt:!.umi TATES 23N 1016 289 E0152
A1 B2
LastStationiD  EDD40D00 4D [E 654500000000 Datales & SGPGGA M3MD 76 1255 TN B % E 11332 = |
IMTHINT e .
TagTime 08:08:11 Paty Moo k2RI, 453237
GPS SGPGGA 043838 276.0255.3246 N Sp Bt 1 PP Er—
' Searching GPS COM PORT
Senve Reply FouGirsl Nere  2NIE ™
mmsmr mmmamés . s éuxﬁz'zzubﬁ’ﬁ' 190 ;g%'%ggg-;.o” com3
8, edr | LT, NOWY, ", 147 ort on
P ﬂ?-}l}ﬁ h ) VALUES e I Clearing RFID Dump file
W, U, . Opening RFID Reader
WGPGEAD4330.276, 0255346 N 10148 2602E.1 03 1 258 0 M 3.7 M, 0000'TT, EIFIRD R:yarder is running [216]
) Start Data Collection

Fig. 3. The GUI showing the data processing status.

The processed data is saved in the database before the data
can be shown to the end-user. Fig. 4 shows the database of
the monitoring system, which contains the information Fig. 6. GIS at the monitoring center.
transferred from RFID and GPS. The information in the

database includes the bus ID, time and date of tagging, and

the last station tagged.
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A record of the bus routes and the time the bus passes each
tagged station can also be determined from the GIS. Every
time a bus passes a bus station and the RFID tag is tagged
by the reader, the bus station icon in the GIS blinks and the
tag time is recorded. The actual time of the tag time is
compared to the scheduled time and represented in the GUI
as shown in Fig. 7. Whether the bus is early, on time, or late,
all these statuses can be observed and distinguished by
color. Red indicates that the bus is behind schedule, pink
indicates that the bus is too early, and green indicates that
the bus is on time.

BusiD:testbusl
Created On:1/6/2011 12:50:16 PM

KPZ FEAB DG PTSL FPrend

12:25: 10 12:29:23
12:32:55

ECQ OGS 00 O(EC 04 00 OCEDQ 04 00 O EC 04 00 O EC 04 00 O

Fig. 7. The actual tag time compared to the scheduled time.

The authorities manage the whole system by analyzing the
records and giving out feedback to the driver, which leads to
a more reliable bus system. Thus, the records or the
information make the system more intelligent and have the
ability to automatically warn the driver if he is behind
schedule.

VL CONCLUSION

The intelligence implemented in the bus monitoring
system can be achieved by compiling and feeding all the

proposed theories and algorithms for RFID and other

sensing technologies into the system. The ability of the
system to act on its own can reduce the manpower required
at the monitoring center. Bus drivers will also be more
punctual to the bus schedules that have been established,
resulting in a more efficient bus circulation system. The
experimental results show that the system is intelligent
enough and able to provide important information to the
authorities for monitoring and management of the bus
system.
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