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Abstract

This thesis describes a fleet management system designed to supervise
and control a fleet of vehicles. The system is intended for road carriers or
emergency vehicle dispatchers that want to continuously follow the geograph-
ical positions of their vehicles e.g. on a map. It allows written communication
between drivers and their dispatching central in addition to voice commu-
nication, thus reducing the number of misinterpretations and removing the
need for spelling using the phonetic alphabet. If a destination is assigned to a
vehicle, the program can calculate the estimated time of arrival. The vehicle
unit also includes an emergency button, which simplifies rescue operations
by providing precise vehicle positioning and route guidance. Customers of a
road carrier can be allowed to see where specific vehicles are located, over the
Internet, and can automatically be provided with estimated times of arrival,
which can be very useful for just-in-time logistical systems.
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Chapter 1

Introduction

This master thesis describes a fleet management system designed to super-
vise and control a fleet of vehicles and their drivers. The system has been
developed to automate and simplify communication for companies with sev-
eral vehicles on the road. It is also intended to increase the accuracy of, as
well as decrease the costs, associated with communication. The system is
developed at Itinerary Systems IS AB (ISAB) in Lund, Sweden.

A fleet management system can be used for transferring text messages
between a vehicle driver and its central operator. It can be used for vehicle
positioning, to follow the progress of the vehicles on a map, and in case there
is a known vehicle destination, it can be used to calculate an estimated time
of arrival at that destination.

This report is of interest to companies or organizations that consider
investing in a fleet management system but feel that they need some more
background information. It should also prove to be useful to future develop-
ers who want to update the system described here.

1.1 Non Technical Description

Fleet management is the art of supervising and controlling a fleet of vehicles,
e.g. trucks or emergency vehicles. The fleet management project at Itinerary
Systems enables a central server computer and operator to communicate
either with the driver of a vehicle, or with the vehicle unit in that vehicle.
The driver can ask for directions or otherwise communicate with his dis-
patching central in written form, reducing the need for less accurate voice
communication. Voice communication will still be needed, however, but only
in more complicated and non-standard situations. The vehicle unit can re-
port the position as given by a GPS receiver as well as other parameters
of the vehicle such as speed, heading and airbag status. It can automat-
ically report deviations from a negotiated route or delays as compared to
a schedule. This information will enable the central to calculate accurate
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estimates of the positions of the vehicles and helps in predicting estimated
time of arrival. This is useful, e.g. in just-in-time logistics systems. The po-
sitioning information will also help the operator in distributing assignments,
e.g. by listing free vehicles close to a cargo pickup point. In addition, the
information on position and estimated time of arrival can be made available
to selected customers of the dispatching firm via the Internet, to assist them
in planning their logistics.

Costs associated with communication, such as telephone charges and time
spent talking on the telephone are often an unnecessarily large part of the
expenses of dispatch and road carrier firms. A reduction of the time that a
telephone connection has to be open, and the time that humans have to be
involved in the communication, will help to reduce these costs. Currently
the ISAB fleet management system communicates using SMS/GSM, with a
network covering most of Europe. Additional benefits of a fleet management
system are better vehicle positioning precision and more accurate commu-
nication leading to quicker deliveries and a higher utilization of the vehicle
fleet.

1.2 Overview of Technical Standards and Defini-
tions

GSM Global System for Mobile Communications, the cur-
rent standard used for digital mobile radio telephones,
mainly in Europe. The GSM service is provided by a
network of transmitters and receivers. Each network is
run by a company, the network operator. The networks
of different network operators are linked together so
that you can communicate between mobile telephones
that are connected to different networks. The telephone
number of a mobile telephone in a network is its net-
work address. (Mouly and Pautet, 1992) contains more
details.

SMS Short Message Service, a standard for sending short
text or data messages over the GSM network. The
messages are limited to a maximum of 160 7-bit char-
acters, or equivalently 140 8-bit characters. See (Mouly
and Pautet, 1992) for a complete description.

GPS Global Positioning System, a system for positioning us-
ing a network of 24 satellites, initiated by the US De-
partment of Defense. The satellites continuously trans-
mit their position in space as well as a time stamp.
Positioning of a receiver is accomplished by comparing
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the different times that are received, from at least three
satellites, with the positions stated by these satellites.
With this information, it is possible to calculate the po-
sition of the receiver on the surface of the earth. If in-
formation on at least four satellites is used the altitude
of the receiver can also be estimated. The accuracy is
in the order of 10 meters. Russia has a similar system
of satellites called GLONASS, and the EU is planning
one of their own.

Selective Availability, is used by the US Department
of Defense to reduce the accuracy of positioning using
GPS to about 150 meters, by adding a disturbance to
the time signals transmitted from the satellites. The US
military and some scientific applications get to know
the scheme of disturbances and can recreate the true
signals, thereby still achieving the better accuracy.

Differential GPS, is a system for correcting for the dis-
turbances in the signals received from the satellites.
The basic idea is to place stationary GPS receivers on
positions that are known with a good accuracy. By
comparing the known position with the position re-
ceived from the satellite network, differential correc-
tions can be calculated and transmitted via radio to
mobile DGPS enabled receivers. Many countries have
set up systems of this type. However, they often de-
mand a license fee for the use of the systems.

Radio Data System, a system for transmitting text in-
formation in FM radio channels. The system is used
to some extent for transmitting information on traffic
conditions in text format. The system can also be used
for distributing DGPS corrections.

The position of a point on the surface of the Earth
can be stated as a coordinate pair: (latitude, longi-
tude). The latitude is the absolute angular difference
perpendicular to the equator between the equator and
the point, see figure 1.1. If the point is north of the
equator the latitude is stated as “latitude N”, and if
the point is south of the equator as “latitude S”. The
longitude is the signed angular difference between the
Greenwich observatory in Great Britain and the point,
along a line parallel to the equator. Longitudes can be
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\¢ (latitude, longitude)

Figure 1.1: Coordinates composed of latitudes and longitudes

Bitmapped map

Vectored map

stated as “longitude E” for points that lie to the east
of the zero meridian, and “longitude W” (or “-longitude
E”) for points that lie to the west of the zero meridian.

A map composed of pixels, representing a picture of
a map. Bitmapped maps are often scanned from nor-
mal paper maps and look similar to paper maps, which
can be easier for the average user to interpret. How-
ever, there is no easy way for a computer program to
tell where the roads are, or to read the names of the
locations indicated on the map.

A map represented as a graph containing nodes and
edges. The edges can e.g. represent roads that may be
traversed by a vehicle, while the nodes may represent
intersections or traffic rule changes. A vectored map
is needed to make route calculations and estimate the
driving time and distance between two positions.

1.3 Problem Definition

The problem to be solved in this thesis is to develop a means for reducing
the cost of communication for fleet management. The expected result of this
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thesis is a program that can be used as a fleet management server in the
central computer, and a program to be used as a client in the vehicle units.
The software requirement specification is given in chapter 3. The idea was
to work according to the following plan:

e Problem formulation. Look for previous work in the same area in
academic journals and in publicly available commercial material. Ask
potential end users about their ideas.

e Write a software requirement specification and make an initial design.

e Think about how and when communication will take place. Define a
communications protocol.

e Work on a preliminary algorithm to estimate the vehicle positions be-
tween transmissions.

e Implementation of the server program.

e Design and implementation of a web interface to the server vehicle
information.

e Implementation of the client program.

e Simulation and bug fixing.

e Improved algorithm to estimate vehicle positions.
¢ Implementation and some more bug fixing.

e Write this master thesis.

1.4 Report Outline

Chapter 2 consists of a short summary of requests from potential end users,
a description of the functionality currently found in competing systems, and
a definition of the problem that is to be solved in this master thesis. A
software requirement specification and some performance requirements are
found in chapter 3. Chapter 4 describes the surrounding program that the
fleet management module will be a part of. Chapter 5 shows the design
of the fleet management system. Chapter 6 gives a short overview of the
GUI and a few hints on how to use it. Chapter 7 defines the communica-
tion protocol. Chapter 8 describes how the position of the vehicle could be
estimated. Chapter 9 describes the vehicle unit and its fleet management
module. Chapter 10 contains information on the web interface. Indications
from simulations and tests are found in Chapter 11. The result of the devel-
opment and some concluding remarks can be found in Chapter 12.







Chapter 2

Functionality

This chapter is intended to outline what potential end users are interested
in, and what functions the competing systems are offering.

2.1 User Analysis

In the beginning of this project there were some ideas of the types of services
that would be of interest to a transportation firm utilizing a fleet manage-
ment system. It was expected to be of interest to know an approximate
vehicle position at every point in time for all vehicles in the fleet, and to get
an estimate of the time of arrival of each vehicle at its destination.

In order to get a clearer picture of the needs and requirements of potential
users of a fleet management system, a meeting with a local dispatch and
road carrier firm involved in international transport was set up. The name
of the surveyed company will not be disclosed. The firm accepts orders
from companies that want large or small volumes of cargo to be transported
from one location to another inside Europe. The goods transported vary
depending on what the customers request, examples are printing paper and
canned food.

From a meeting with only one potential user, it is of course impossible to
get a complete overview of what information could be useful to most users
of fleet management systems. All the same, since the author of this thesis
had very little experience from the field of transportation he found the visit
very constructive and worthwhile.

The company currently used voice communication over mobile GSM tele-
phones to handle all communication between the central office and the vehicle
drivers. The office used the telephones to tell the drivers when and where to
load or unload cargo, and to ask for their current position, predicted times
of arrival and general status. The drivers used their telephones to ask for
directions, to report the success of their tasks and to some extent to commu-
nicate with their colleagues in other vehicles. A lot of time reportedly was
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wasted on the telephone trying to get and understand driving directions in
foreign languages, especially when having to spell using a foreign phonetic
alphabet.

The average vehicle driver did not have much computer training, and
extra care should be taken to make the vehicle unit easy to use and more or
less self-explanatory. The vehicle unit must be kept very simple, and it must
be possible to switch off any potentially annoying functions. Some drivers
can be expected to have a hard time reading without glasses so the printed
text and the graphical text display should be large, as should the keys. The
keys of a mobile telephone were indicated as the lower limit in size.

The more experienced drivers should be able to find their way on their
own, and would not want an electronic device to try to tell them a better
way. The basic principle initially should be not to interfere too much with
the driver and his work, unless it is reasonably certain that he can be helped
by the system.

Also, there is always a chance that a calculated route from a digital
map is not the optimal one for a large truck. In fact, the driver might be
expected to be upset should he be led into a narrow passage by the vehicle
unit. Especially if the road in reality turns out to be blocked and the driver
has to back up out of the street with his trailers. The risk of the driver losing
his temper in that kind of a situation would be much smaller if the driver
had chosen that route himself. The company representative saw several
potential problems with the map information available for route guidance.
For example, some roads and bridges put an upper limit on the weight of the
passing vehicles, which has to be taken into account when calculating a route.
Currently the roads limiting the total weight of this company’s vehicles are
in Austria with a total weight limit of 38 tons. The height and turn radius of
the vehicles also limits their access to narrow streets enclosed by multistory
buildings with projecting balconies. These problems can be overcome by
using sufficiently detailed digital maps. Route guidance is outside the scope
of this thesis.

As it turned out, the dispatching company was quite informed of the
currently available systems, and they knew for what purpose they wanted to
use them. First, they want to be able to know the location of their vehicles
in their dispatching central, and preferably they wanted the locations to
be presented on a map. They would use this function e.g. if one of their
customers called and asked them if they could carry some cargo from one
specific point to another. The system would help them check if they had a
vehicle close to the point of origin, and help them to determine a fair price,
which in part was determined by the driving distance.

The dispatching operator want to be able to get accurate status reports
immediately after successful deliveries in order to write an invoice shortly
afterwards. Their current procedure is to wait for the driver to return with
the papers to the office, adding several days to the customer credit period
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and the cost cycle, and thus leading to an increased cost of interest.

The dispatching company wants to be able to present the positions of
some of the vehicles to their customers over the Internet, preferably using
the World Wide Web. In doing so, it is important not to give away too much
information, and thus the vehicles should disappear from a customer’s map
(or other form of presentation) once her order is completed. Any vehicles not
currently used by a customer should be invisible to her. One of the reasons
for not wanting to disclose the position of all vehicles to every customer is
that quoted prices could be put in question. If a customer e.g. could see that
the dispatching company has a truck right next to her, she could demand a
discount.

The function to optimize the matching of vehicles and cargoes offered
by some fleet management systems is not interesting. This is because the
current stage of development of the optimization routines are believed not
to take all relevant information into account in a better way than if a human
performed the optimization.

They were not quite satisfied with their current system using voice com-
munication over mobile phones, which caused very high phone bills and a lot
of routine work for both driver and the central operator. An attempt had
been made to reduce the frequent misinterpretations of a voice connection
by installing fax machines in the vehicles. This was not a success, and those
machines were later removed. By introducing a computerized fleet manage-
ment system, they hoped to be able to reduce their telephone bills to less
than half of its current amount.

2.2 Competing Systems

There are a number of competing systems, offering more or less sophisticated
and useful functions. Prospectuses from a number of competing compa-
nies have been studied, such as (folder from Blaupunkt, 1998), (folder from
PTV, 1998), (folder from SkyCom, 1998), (folder from Cellpoint, 1998),
(folder from Knud Hansen, 1998), (folder from TeleTec, 1996), (folder from
Volvo, 1999) and (folder from Passo Fleet, 1998). The actual use in the
transportation industry of these kinds of systems is currently very small,
but there are generally high expectations on the future growth of the market
for fleet management systems.

There are systems that offer the ability to monitor some states of the ve-
hicle and its load, and to report any deviations from the usual states. Some
systems make it possible to report the state of the ignition switch, e.g. to
assist in making a drivers log. If the airbag trigger is set off this could be
reported and initiate a distress call. A system used in South Africa, see
(Commercial article from G-Track, 1997), makes it possible to report if the
cargo doors are opened or the trailer is hooked off at an unauthorized posi-
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tion, thereby helping to reduce the large losses of cargo in troubled regions,
such as parts of South Africa. For refrigerator trucks and animal transports,
reports can be made when the temperature deviates from a normal interval.
This kind of monitoring of states is beyond the scope of the current system
as described in this thesis, although nothing prevents future extensions of
the system and the addition of the necessary external sensors. As long as
there are free external ports in the vehicle unit, and if the necessary extra
programming in the server and vehicle unit can be easily performed, the
addition of these external sensors could be performed in a relatively short
time. Care should be taken to design the system so that extra sensors can
be added easily and that the software can be updated both in the vehicle
units and in the server.

Most systems let the driver report on their current activity, e.g. by
pressing a key marked Loading, Unloading, Break, Fueling, Service, Rest,
Distress, Traffic jam or Under way. This requires the active participation of
the driver to press the appropriate key once this state changes. A few systems
try to automate this process as much as possible by declaring default states
when certain conditions are met, e.g. when the driver has stopped at a
destination with a predetermined activity such as Loading or Unloading.

One popular function is the ability to initiate a distress call with the
press of a button. Being quick and easy to use are important characteristics
of such an alarm button. The button could be utilized to notify the police
if the driver is assaulted, or to contact the nearest vehicle repair center if
the vehicle breaks down. Being able to give precise positions or even address
and driving instructions to the rescue service center simplifies the rescue
operation considerably.

Practically all systems have functions to follow the positions of the ve-
hicles on a map, with the positions being updated on regular time intervals.
The information is often presented on a road map in the form of a bitmap.
The journey can be reviewed and the driven route is documented. The in-
formation that can normally be saved is position, speed, heading and a time
stamp. A few systems offer calculation of estimated time of arrival, thus
requiring either a vectored map or a human operator capable of interpreting
a bitmapped map. Estimated times of arrival are important information in
just-in-time logistics systems. To perform the calculations the destination
must be known and entered, e.g. as city name, address, company name or
customer id.

A few systems offer the ability to define an approved route that the
vehicle is expected to follow, and if the vehicle deviates from this route,
either in time or space, the operator is notified. This is used, e.g., in the
transportation of radioactive material or valuable goods (H. Sannen, 1998).

Messages can often be transferred to the vehicle unit in text format,
even when the driver is not in the vehicle. Messages of new and carried out
assignments can thus easily be transferred. Some systems even send read
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confirmations back to the central after the driver has viewed the message for
a predetermined time. Sent and received messages are logged in the server,
and to some extent in the vehicle units.

Techniques for applying differential corrections to the GPS/SA signals
in the server are described in (Papadoglou, 1998), whereby a positioning
precision of down to 10 meters can be achieved. This has the added benefit of
reducing the cost of hardware in the vehicles as compared to ordinary DGPS
receivers, in that they do not require a receiver for differential corrections in
every vehicle. One might also suspect or even assume that the transmission
of these corrections are not standardized all over Europe, thus requiring the
capability to receive differential corrections from several different systems,
increasing the cost of in-vehicle differential corrections. By placing only
plain GPS receivers in the vehicles, the overall hardware cost will be lower.
If the information received by these plain GPS receivers can be sent to the
central, where the differential corrections are applied, the probability that
the corrections will work is higher.

A few systems claim to take variations in traffic conditions into account
when making route calculations. Information on traffic conditions is most
often taken from transmissions over the RDS (Radio Data System) FM radio
network by the vehicle receivers.

To sum up, this chapter has outlined user requirements and existing
systems. The users require a system for communication and positioning.
They want to get status reports after finished assignments. They also want to
provide a web interface with information for their customers. The functions
and capabilities of existing systems have been indicated.







Chapter 3

Software Requirement
Specification of the Fleet
Management System

This chapter describes the requirements on the final system. The require-
ment specification originates in the user survey and to some extent in ISAB
tactical planning.

3.1 Definitions and Terms

1.

2.

A fleet is a set of vehicles under a common command.

A wvehicle unit is a small computer in a vehicle capable of communicat-
ing with a central server.

. A fleet management system is a system for supervision and control of

a vehicle fleet. Most fleet management systems consist of a central
server computer, a vehicle unit in each vehicle, and a means of com-
munication. The system can be used by, e.g., a road carrier to follow
the progress of its vehicles. A human operator monitors the system
and communicates with the drivers.

. A standardized message is a message with a content that is largely

known to the recipient. Consider the following example message: “I
have just finished loading A units of B at C. Next, I'll be going to
D.”. This kind of message is probably sent more than once, with the
letters A, B, C and D replaced with different strings of text. If the
template for this message is stored in both vehicle unit and server,
they can communicate by sending the message template number and
then list the strings of text to insert into the blanks of the template.
This way of reducing the size of a message utilizes the fact that people



18  Software Requirement S e i ation of t € eet ana ement S tem

often en t e ame in ofme ae e era time wit on it

1 erent ontent e art t at are 1 erent or an e are e
n te ener an aret eon one t at are ent tot ere 1 ient
oft eme a e ereilent wi aeto eo et eme a eintoa

uman rea a e form mer in t etem atete twit t ere el e
trin  of te t

eaimofti roeti toim ement a entra teman a e i e unit
ro ram ot oft em ou eea toue e entra tem wi
eim emente in e i ano etoriente 1ua ro rammin an ua e
imarto a a e ant 1 8§ e 1ii ue toqui eeo ro
ram wit ra 1 a u erinterfa e ot e reiou tem a entra
ee a ter wa writtenin e i e ei eunit ro ram wi eim
emente in w erea t ewe interfa ewi eim emente in ee
Strou tru 1 an i manan aoie 1 8 iue forte ei
e unit ro ram im eauewe aea om iert at an om ie
roram fort e e i e unit om uter i ue fort e we interfa e

€ au e our new we er eri written in

1 Sen afreete tme aetoa ei ei e
Reei eafreete tme aefroma ei eunitora rier
Sen afreete tme aetoa el e
Sen a tan ar ie te tme aetoa ei ei eortoa ei e
Reeiea tan ar ie te tme aefroma ei eor rier

nitiate a ol e onne tion toa el el eont eo erator re
que t

Seeta el e an en orer tot e ri eror e i e unit
8 oowte oition oft e ei e a m o on ama
Seeta ei e ointin to it m o ont ema

1 oowte el e inata e 1tin oor inate a ti itle an ot er
information

11 Seeta el efromt eta e mentione a o e






















[Fleet management system ]

[Fleet management server } [ Fleet management vehicle unit }




[ Fleet management server }

[ Fleet } [Communicationsinterface } [GUI}

Fleet

Vehi cle group




Message handler }

Vehicle

Messages sent from the vehicle }

M essages sent to the vehicle }

Performed tasks ]

Scheduled tasks ]

In vehicle display}

Main window

Vehicle status Message from vehicl e]

Edit vehicle
Vehicle Info
Free text message
Send message Vehicle selection ]
Standard message
Message log

Vehicle Setup

Vehidle schedule

Performed tasks




User interface

Communication handl er]

[ Fleet management vehicle unit Sent text messages ]

Received text messages ]

Tracker




Read message ]—[Sel ect message HM essage viewer ]

Main display Send message HSelect template HMesgage editor ]

Sent messages ]—[Sel ect message HM essage viewer ]

















































0.1

A comparison between the relative error in using linear (dashed line) an

d logarithmic (solid
T

line) scales

0.09 -

0.08

0.06

0.05-

Relative error

0.04

0.03-

0.02

I
0.4 0.5 0.6
Speed measure / 255























































