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Abstract

One way of reducing traffic congestion is through the promotion of public transport over
private cars. Many countries, South Africa included, have set up policies to prioritise this
issue. In accordance with these policies, public transport service planners are working to
improve public transport services. This requires the collection of data on public transport
usage, public transport timetables and the location of the routes, stops and termini. This
data needs to be managed and integrated for use in decision-making on public transport
services planning. As some of the data is spatial in nature, a spatial information system is

proposed as the best tool for capturing, storing and analysing the data.

To accurately represent the data in the spatial information system database, a data
model is required. The data model in this research is designed using the object-relational
model in ESRI Arcinfo Version 8.2. Another challenge lies in how to represent the spatial
data in the systems. In this research, the roads are represented as network features, the
stops and the public transport routes are treated as point and line features respectively.
The routes are modelled by a process called dynamic segmentation, which allows

multiple antributes to be associated with a sections of the route.

The prototype data model is implemented for Blaauwberg, in Cape Town. A stand-alone
application is developed using ESRI MapObjects Version 2.0 and Microsoft Visual Basic

6.0 to enable easy retrieval of information from the database.
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Spatial information system
(SIS)/ Geographical
Information Systems (GIS)

A data model

A database

A geodatabase

Public transport/Transit

Passenger

User Interface

Peak Hour

Network

Spatial database Engine
(SDE)

Structured Query Language
(SQL)

Unified Modelling Language
(UML)

Glossary of terms

A system for capturing, storing, manipulating, analysing
and displaying spatially referenced data.

A representation of the real world and reflects decisions
about what features and relationships are necessary to
represent in the database.

A collection of digital data with a given structure for
accepting, storing, and providing, on demand, data for
multiple users.

An ArcInfo 8 data format used for storing information. It
is a short name for a geographic database.

Services provided for the carriage of passengers and their
incidental baggage within cities and metropolitan areas,
usually on a fare-paying basis. Examples include buses,
minibus taxis and trains.

A person, other than the operator, who is making use of
transport for the purpose of being transported.

Refers to methods and devices that enable communication
between human beings and computers.

The interval of one hour giving the greatest volume of
traffic in the given period of time.

A two-dimensional representation of the layout of a
transport system.

A geographic database product that provides a spatial
extension to an underlying commercial relational database
management system (RDBMS), thereby enabling all data
(spatial and non-spatial) to be stored within a single
RDBMS.

The standard language for querying and manipulating
relational databases.

A standard set of symbols and diagrams to specify,
construct, and document systems that use object-oriented



SQL Server®

CASE Tools

Mode

Freeway

Terminus

code.

A relational database and analysis system developed by
Microsoft that can be used to provide extensive database
facilities on a web site.

A computer based product aimed at supporting the work of
a system developer creating models and other system
documents and components.

The means by which a person or a group of people make a
trip.

A dual carriageway road whose only function is movement
and carrying high speed or bypass traffic.

A special area, including buildings, structures and
equipment at the end of a transport facility, for the storage,
transfer, handling and reception of vehicles, passengers
and materials. '



Chapter One

Introduction

1. Background

raffic congestion is one of the major problems plaguing urban cities all over the
Tworld today. With traffic congestion, goods and services are slow to market and
employees are late for work. This results in reduced production. At the same time, idling
vehicles waste fuel and cause air pollution. In South Africa, millions of Rands are lost
each year on congestion costs (CERF 1999). Some of the costs include; costs due to
reduced production in companies because of unnecessary delays caused to employees
on their way to work, vehicle operating and fuel costs, road damage cost, and pollution

costs (Maddison et al 1996).

Much of the traffic congestion in South Africa can be attributed to private vehicles
because it is a private car-dominated country (CERF 1999). According to the South
Africa Survey for the year 2000/2001, about 19% of the urban population uses private
cars. Although this is still low compared to developed countries, which have about 50%
of their population using the private car, the situation should be rectified before the

adverse effects associated with the use of private cars are experienced.

Studies carried out in Cape Town, project that if no immediate action is taken to reduce
traffic congestion, by the year 2020 the car population will increase by 64%, thereby
reducing highway traffic speeds to 29 kilometres per hour. It is not clear whether the
road infrastructure will be sufficient to cater for these increases in private cars or

whether there will be enough financial resources to upgrade the existing road

“sinfrastructure. Highways are already congested during peak hours, as can be witnessed

when one is travelling on the streets of any major town in South Africa (de Saint

Laurent 1998, National Department of Transport 1999, Forgey et al 2001).

As a solution to the congestion problems, policies in many countries worldwide,

including South Africa, are shifting towards the promotion of public transport usage

C. Dondo Page 1 SIS for public transport



over the use of private cars (Climate change 2001). As public transport has a better cost
and space effectiveness for the transportation of volumes of people, having more people
use public transport will lead to a reduction in the number of vehicles on the road. This

will, in turn, reduce traffic congestion and its effects (de Saint Laurent 1998).

This is, however, not as easy as it sounds. Public transport is unpopular with users for
various reasons. Some of them include the unpredictability of transport schedules and
the lack of adequate information on services, frequencies, costs and transfer
opportunities from one transport mode to another (McQueen er al 1999 and Tiwari
2001).

In South Africa, according to studies carried out in Cape Town and Durban, some of the

reasons why people prefer private cars to public transport are (Clark et al 2001,

Lombard et al 2001, Pillay 2001, Botes et a/ 2001):

o Most public transport vehicles are aged and unroadworthy, making them more
susceptible to accidents;

0 Public transport services are unreliable and slow;

o There is a lack of services during off peak periods to cater for tourists, students and
other people likely to travel at that time of day;

o Public transport users experience long travel times as a result of too may stops along
the way, as some of the vehicles stop at undesignated points;

0 Public transport users have to walk long distances to get to the nearest public
transport stop or terminus;

0 There are notable differences in fares for different public transport modes; and

0 Public transport vehicles get over-crowded during peak times.

In order to dissuade people from private car use to public transport, public transport has
to offer the same flexibility as private cars (Wendéll Cox 1996), and the unattractive
characteristics associated with public transport, mentioned above, must be removed.
This has been the goal of many public transport service planners worldwide.

However, before any improvements can be made, public transport planners need to

assess what exactly the local characteristics are, how serious the situation is and what
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effects negative characteristics have on the usage of public transport. They need to
gather the necessary data to assess the situation, which would include data on the public

transport services available and the amount of people using public transport.

To collect this data, public transport surveys have to be carried out. Examples of these
surveys include the study of ticket issuing records, on-board transit surveys', passenger
counting at termini and ride check surveys (Macpherson 1993, Salter er al 1996,
Simmons et al 2001, Ortiizar et al 1994). In Cape Town examples of the methods used
to collect public transport usage data are the passenger counting at termini and ride
check surveys (Moving Ahead 2001). The surveys of special concern in this discussion
are ride check surveys, because the data from these surveys is to be included in this

research’s spatial information system.

Traditionally, during ride check surveys carried out by the Cape Metropolitan Council
in Cape Town, a surveyor would be placed in a public transport vehicle for the duration
of a trip. The surveyor would manually record the number of passengers getting on and
off at each stop and the method used for ticket payment. This would present a problem
when the vehicle stops at any place that is neither an existing stop nor a terminus. There
would be no location information on that stop available in the database. Any attempts to
represent such a place on a map results in an inaccurate representation because an
approximate position is used. Sometimes, when visibility is poor, the surveyor would
find it difficult to read off the stop number from the stop shelter in the short time that
the vehicle stops to drop off or pick up passengers. The manual recording of the arrival
and departure times at each stop and the counting of the people getting on and off the

vehicle would also result in inaccurate data due to human error and fatigue.

Due to the above-mentioned errors, the situation has since changed. A surveyor now has
to carry a global positioning system (GPS) receiver and a palmpilot® onto the public

transport vehicle. The GPS receiver collects location information of each of the stops

! Questionnaires are distributed to passengers during a trip and they fill in their origins, destinations,
purposes and some aspects of their travel. They can submit the questionnaire at the end of the trip or it can
be mailed or collected later.

% A palmpilot is a small handheld computer used for task scheduling and note taking.
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and the palmpilot electronically records all the data gathered. In a recent survey carried
out in 2000, at every stop, the surveyor recorded the following data (AfriGIS 2000):

o The position of the stop in terms of x and y co-ordinates;

o The arrival and departure time at the stop,

o The number of passengers boarding and alighting; and

o

The method of payment used, whether cash or clip card, for the ticket.

1.1. Problem statement

For the ride check surveys carried out by the Cape Metropolitan Council Department of
Transport in the year 2000, after the data was captured on palmpilots in the field, it was
downloaded into Microsoft Excel spreadsheets on computers back in the office. Up to
80 megabytes of data were generated for each mode of public transport and these
created over a thousand spreadsheets for each mode. Some of the spreadsheets
contained no data in cases where the vehicle for a particular route and time did not take

the scheduled trip.

The main problem was in effectively managing this data in a structured way by
minimising data redundancy and thereby reducing the amount of space required for
storage in the computer and providing easy access as and when required. There was also
lack of a user-friendly tool for the efficient processing and analysis of this voluminous
data in order to extract meaningful information for decision support on planning and

development of public transport infrastructure and services.

According to literature and interviews carried out by officials from the Cape
Metropolitan Council, decision-makers require the following public transport
information for planning:

o The amount of people using the termini and bus stops and how easily accessible
these facilities are to the public;

o The amount of people using the public transport vehicles;

@ Whether the public transport vehicles are adhering to schedule and any delays
experienced during travel; and

o How well the existing infrastructure and facilities are serving the public transport

users.
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This information is obtained after the data from surveys, such as the one explained in
Section 1, is processed and analysed. As public transport data is spatial in nature and the
Cape Metropolitan Council Department of Transport department also required the
resulting information to be presented in graphical form, this research proposes the use of
spatial information system in efficiently managing, storing, integrating, displaying and
analysing the data for planning and modelling purposes (Zhong 1998a, Papacostas ef al
1993, Etches et al 2000).

A spatial information system effectively manages and also enables regular updates to
the public transport information, which are essential considering that it is constantly
changing. Usually, when the transport information is not managed efficiently in a
structured way, updates are difficult to perform and this often leads to the use of
outdated and misrepresentative information in the planning process. In some cases,
some vital information may be omitted from the planning process. This leads to
improvements or developments that have no impact on the potential user leading to
public transport maintaining its unpopularity. A good example is in Durban, where poor
planning for bus routes and bus stops resulted in some bus stations being located far
from residential areas. The public transport users have to travel long distances to the
nearest bus stop or station. This has led to public transport becoming less attractive and

people preferring other modes of transport like the private car (Lombard et ol 2001).

The results and effects of not efficiently managing data can be summarised into a

diagram (see Figure 1.1)

Problem Results Effects

inadequate planning

Public transport of public transport Public transport

information not services remains unfavourable |
effectively managed improvements and
developments

Figure 1.1: Ineffective management public transport information
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After considering the above-mentioned problem and its effects, the main objective and
specific objectives of this research were formed. These are presented in the following
section.

1.2. Research objectives

1.2.1. Main objective

To develop a prototype spatial information system for public transport information

management.

1.2.2. Specific objectives

o Design of a data model for the spatial information system for public transport
information management.
o Implementation of the data model for a prototype system for Blaauwberg

Municipality, Western Cape Province, South Africa.

1.3. Research questions

To fulfil the objectives mentioned above, the following research questions have to be

answered:

0 What kind of public transport information has to be managed and how is it acquired?

0 What are the different approaches used in creating data models for public transport
information management, which data model is to be used and why?

@ Which geographic information software is to be used and how are the physical
databases created and features represented in this software?

o Does the software allow for any customisation if necessary?

1.4. Area of study

Blaauwberg, in the Western Cape Province in South Africa (a map of which is shown in
Figure 1.2).
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Figure 1.2: Map of Blaauwberg, the study area”
L5. Sceope of the research

Although this thesis investigates the use of spatial information system for public

transport, the main focus hes in developing the data model.

Throughout the rescarch up 1o the data model design phase, the discussion will be in
rclation to abl public transport modes but due to time limitations, only one mode of

public transport will be selected for the implementation of the data model.

1f" a functional prototype system. providing the required information as was stated in
Section 1.1, is developed based on sound theoretical principles of data model design, it
will be assumed o be effective for managing public transport information. Therefore,

ithe only aspect of the prototype systemn that necds to be lested 1s how user-friendly it is.

* The inset contains a map of Cape Town with the pusition of Blasuwburg in relation to Cape Town being
highliglited by the brown box.
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1.6. Expected use of output

In the White Paper on National Transport Policy in 1996, the government of South
Africa placed emphasis on the improvement of public transport services. The Western
Cape Province, in South Africa has written its own White Paper on Transport for the
province echoing similar sentiments. To date, both the government and the provincial
council are still designing strategies to achieve this. This research aims to contribute to
these strategies by offering a spatial information system that can be implemented

throughout the Western Cape for various types of public transport.

1.7. Thesis outline

Chapter One gives background information on the research area. The objectives of this

research and the area to be used to implement the prototype are also stated.

Prior to the undertaking of any research there must be a study of similar work done on
that particular research area, any methods used that can be adopted or any gaps that can
be filled. This is provided by the literature review in Chapter Two. This chapter also

gives examples of applications of spatial information system in public transport.

Chapter Three looks at the stages involved in designing a spatial information system.
From this discussion, recommendations are made and these assist in developing the

prototype spatial information system for this research.

Chapter Four shows the design and implementation of the data model in the relevant

software and for the study area mentioned in Section 1.4.

Chapter Five explains some of the functions of the prototype system and how the

possible queries can be performed.

Chapter Six presents conclusions and analysis of the results obtained from the software
testing carried out by selected transport professionals. Finally, recommendations for

future research are provided.
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Chapter Two

Literature Review

2. Introduction

This chapter highlights current worldwide trends in the use of spatial information
systems for public transport. Typical applications and examples of systems developed
under each application are provided. The discussion restricts to applications of relevance
to the South Africa situation, which is presented after the discussion of the applications.
Most of the theoretical concepts involved are mentioned in this chapter and fully
discussed in later chapters. A point to note is that the words Geographical Information
Systems (GIS)* and spatial information systems have the same meaning in this research

document.

2.1. The use of spatial information systems in public transport

Spatial information systems are a system for capturing, storing, manipulating, analysing
and displaying spatially referenced data. The first use of spatial information systems in
transport dates back to the 1960s, but by the late 1980s, its use was more widespread
(Thill 2000, Goodchild 1999, Souleyrette et al 2000).

Spatial information systems allow the integration of spatial and attribute data by
referencing all objects and data to a common geographical location framework. Due to
the fact that spatial information systems support the development of user friendly
graphic user interfaces (GUIs), the integrated layers of data can be presented on a user-
friendly GUI, for use by public transport planners in analysis and scenario modelling to
determine where and when to make improvements or new developments (Thill 2000,
Shepherd et al 1991, Flowerdew et al 1991, Goodchild 1996, Miller er al 1996,
Thompson 1999).

* GIS can be defined as a system for capturing, storing, manipulating, analysing and displaying spatially
referenced data.
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Visualisation is one of the most important applications of spatial information systems. A
lot of software products are utilised in public transport planning and modelling, but most
of them output the information in database format, with descriptions in words and
numbers. Clearly, this type of information requires an expert in the area to decipher,
analyse and draw conclusions from. With spatial information systems, public transport
planners can display information on the number of passengers boarding and alighting by
time of day at each stop, for every route or per sections of the route. This enables them
to evaluate the performance of public transport services. Public transport planners are
also able to identify the demographic and land use characteristics within walking
distance of a proposed route and hence estimate ridership statistics (Zhong er al 1998b,
Alterkawi 2001, Schweiger 1992).

Most transport developments or constructions rely on funds from the government and
other private companies. This means that even when transport planners perform their
analysis and determine where new routes are to be constructed or where improvements
should be made, ultimately, they have to convince government and private company
officials to support them financially. This requires the presentation of analysis results
visually in terms of graphs, charts or maps that everyone can easily visualise and
understand (Attanucci et al 1999, Goodchild 1996, Drane ef al 1998).

Section 2.2 discusses the applications of spatial information systems in public transport,

with examples being provided for each application.

2.2. Applications of SIS in public transport

The following are typical applications of spatial information systems in public transport:
o Facilities inventory and data management;

Ridership analysis and reporting;

Transit schedule monitoring;

Transit route planning and market analysis; and

o o o g

Passenger information systems.
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2.2.1. Facilities inventory and data management

Facilities inventory and data management is concerned with the management of data on
the public transport facilities and services. An example is the Durban Public Transport
Management Information System (PTMIS). This system is well documented and uses
spatial information system in public transport facilities inventory and data management
in Durban, South Africa. Louw et al (2001) documented its development. The software
used was ESRI ArcView Version 3.2 ®.

The development of this system was prompted by the fact that information on public
transport services and facilities was stored in various sources, in different formats and
maintained by different operators. This made decision-making for planning purposes
difficult.

The PTMIS provided simulations for a Stated Preference Study, which was carried out
to test the reactions of public transport users to any changes made to public transport
services. The study resulted in the creation of a public transport user preferred model.
The preferred model was tested using the EMME/2® software (a tool for transport
modelling), which simulated demand patterns and displayed them on a GIS map in the
PTMIS. This information assists decision-makers in planning for the restructuring of

public transport in the city.

The PTMIS generates reports with information on passenger volumes, public transport
route descriptions, capacity, utilisation, routes, fares and timetables per section of a
route. Information is categorised as bandwidths by time, operator and mode. It also
displays or generates public transport origin-destination information by selected origin-

destination sub-sections.

The PTMIS stores and displays taxi rank layouts, drawings and daily bus operations
using video clips. An economic model is available to display the economic feasibility of
developing a new route. There is also an extension for capturing, editing and displaying
information from the EMME/2® transport modelling processes. Figure 2.1 shows the
PTMIS user interface.
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Figure 2.1; The PTMIS user intcrface (Louw of af 2001)

Public transport services in South Africa have been described as not fully mecting users
needs. This is as a result of operators planning for services n isolation without taking
inte account other operators, senm&;‘md modes of transport (Britz ef af 2001, Aucamp
et af 2001). TTaving information on all the diffcrent modes of transport in one database,
as in the Durban PTMIS, mcans that atl thc operators and services are taken imio

consideration and therefore planning is improved.
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2.2.2. Ridership analysis and reporting

Ridership analysis and reporting involves the analysis of the amount of people using
transit services and the output of the information in a suitable format (mostly graphical)
for decision-makers and planners. An example is the use of spatial information systems
in planning, production and analysis of public transportation by the Copenhagen

Transport Company (Geitner et al 1999).

The database was designed using the relational model and the software products used
were ESRI ArcView® and ESRI SDE® for SQL Server®. The system stores
information relating to buses and trains. All the information is maintained on a server,

and the users access it via a network.

Functions of the system include the provision of information on the number of people
boarding and exiting at each stop, the average speeds of buses along particular routes

and the service timetables. This information can be output as graphs or maps.

Figure 2.2 shows an interface of the system. The black dots of varying widths represent
the amount of passengers either boarding or getting off the bus for each service. The
larger the dots, the more the passengers indicated. The brown lines of varying thickness
show the amount of passengers travelling along the sections of a route. The thickness of

the line is directly proportional to the number of passengers.

The visual representation of the number of passengers exiting or entering at each stop or
using each section of a route is commended. This assists the service planners to easily

see uneven distributions in the trips.
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Figure 2.2: A Copenhagen Transport Company system user interfuce (Geitner of af 1994)

The main problem experienced with such a system is version management and
reconeiliation. Since the data is located on a server, if two people edit the same data
from different computers at the same time, one cap unknowingly overwnle the edits
made by the other person. This is one of the limitations of using the relational model in
creating databases; it does not offer version management capabiliies (the rest of the
limitations arc discussed in Chapter Threg). An attempt can be made to prevent the
updating of data that is being processed by apother transaction by a locking mechanism
that guarantees exclusive access to a database ilem. This however presents problems if

the database items become large.

2.2.3. Transit schedule monitoring

Transit scheduling imvolves all activities necessary o monitor whether the transit
vehicles are all moving to the preset timetable and if not, assessing the situation and

making the necessary improvements to the operation of transit vehicles or services.

An cxample is the use of spatial information systems for the monitoring of bus

operations for Ozhu Transit Scrvices in Honolulu (Papacostas 1995). The system was
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implemented using the ESRI ArcInfo® software. The development of this system
focused on the use of ride check survey data, in a spatial information system, in

monitoring the timetable schedule adherence of buses.

The ride check survey data was originally stored digitally as text files. The bus routes
were created using the process of dynamic segmentation’, and bus stops are events® of
the route. In order to include the ride check survey data in a GIS, a key’ is assigned to
each vehicle and each vehicle is assigned to a particular route. Each key is then assigned
a number of runs on that route. As a result, a code consisting of the route number, the
key and the run of that key uniquely identifies a bus-trip. Each bus-trip file contained

the information illustrated in Table 2.1.

Table 2.1: The bus trip file

Date  of | Checker | Route Direction | Key and | BuslD Seating

survey name run number capacity

A separate file contained a list of all bus stops and ride check survey data (see Table
2.2).
Table 2.2: The bus stop and ride check data file

BusStoplD Passengers getting | Passengers Arrival time

off boarding

Figure 2.3 shows the user interface for the system.

* Dynamic segmentation allows multiple sets of attributes to be associated with any portion of a linear
feature. It is explained further in Chapter Five.

¢ Events are used to model data along a route.

7 A key is a user defined unique identifier
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Figure 2.3: The system’s user interface (Papacostas 194%5).

The graphic user interface is uger-friendly and tUns is an important aspect of any system.
This ensures that even someone who is not an cxpert in the area can easiby learn how o
use the svstem. If the svstem is not user-fricndly, most employces soon abandon it and
go back 1o thelr previous wavs of performing tasks putting all the resources involved in

the design process to waste,

The use of dynamic scgmeniation 15 recommended for representing routcs because
attributes usually vary along any one route. H the trip filc is uscd to represent data in the
databasc, it lcads to data redundancy® This is due to the many-to-many relationships

between the bus and ihe route, in the case where many buscs use the same route.

Despile the ability to oiTer capabilities for analvsis through interpretation of the attribute
data. a GIS should also provide functionality lor analysis by visual representation,

According lo Shaw (1999) and Wang ef @f {2001), it is important to represent the bus

* Data redundancy is the duphication of data amongst {ites. Redundant data can he remeved without the
loss of any information,
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trips paths visually. This assists when representing the number of travellers in a specific
trip, for planning purposes. The sysiem does not provide this functionality.

2.2.4. Transit route planning and market analysis

Market analysis involves the marketing of transit services by analvsing service
improvements and presenting the results 1o the public. Typical transil rowte planning
activities include; linking passenger count data to transit route data to analvse the
productivity of specific routes and analysing the travel characieristics of transit users in

crder to determine the prospective for bus services.

An example is the system used by the Orange County Transpertation Authority
(OCTA), in California. [t uses a spatial information system lo perform market analysis,
transit route analysis and evaluate potential changes to the existing transit service and

thercfore determine how service changes can affect ridership (FHWA 2000).

Figure 2.4 shows the results of an accessibility analysis for selected stops. Accessibility
analyses are carried out to determine the amount of people living within walking
distance to each of the stops. Those people further from the stops will necessitate the

erection of stops closcr to their homes or the creation of new routes.

N 9 Wiin Bofter Aroood B oo

e

Fignre 2.4: OCTA accessibility aualvsis resnlhs.
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At the time the report was written, the transport authority was managing a fleet of 400
buses with approximately 1 300 riders per day. The software products used in planning

and market analysis are ESRI ArcInfo® and ArcView®.

2.2.5. Passenger information system

Passenger information system involves the provision of information to the public on
transit service timetables, routes and fares. This information can be provided either by
phone, e-mail or via the Internet. Spatial information systems assist in processing the
data and displaying the results on a map. An example is the web-based information
system developed for the Champaign-Urbana Mass Transit District (CUMTD) bus
service (Lee ef al 1999).

The system has two components, the phone in component and the web-based
component., The initial web-based prototype system was developed using ESRI Arc/Info
Version 7.1.2 and AML’ but due to the fact that the software did not support web
capabilities, ESRI MapObjects 1.2® and ESRI MapObjects Internet Map Server (IMS)
2.0® were used. The bus stop, bus route and schedule tables were linked using the

relational model.

The phone in component enables members of the community to phone in to the operator
and provide details for their origins and destinations and the time they want to travel.
The operator then selects the suitable route and time for the caller and provides the

information to them.

In the web component, the users logs onto the website, enters their origin and
destination and the program calculates the shortest path and displays the result on a map

(see Figure 2.5).

? Arc/Info Macro Language and is used for customising the software.
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Figure 2.5: CUMTD interface for the shortest rounte (Lee of af 1999)

The main challenge in implementing such a system is the high costs involved in data
acquisition. This is due to the fact that the input spatial and attribute data has to be very
accurate and should be updated regularly to reflect any changes in the road network.
Other challenges include the need to supply descriptive information on each bus stop for

it to be familiar with the users, as the use of numbers or identifiers would confuse them.

2.3, The South African situation

In Chapter One, section 1, some of the unfavourable characteristics of public transport
in South Africa are stated. These have been attributed to inadequate transport planning
and development practices from the apartheid era, which promoted racial separation and
caused disparities in the quality of service. The new government saw the need to change
these practises through the establishment of policies and legislation. These include the
White Paper for National Transport Policy in 1996, followed by the Moving South
Africa 2000 and the National Land Transport Transition Act Number 22 of 2000

(NLTTA).
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Entrenched in the White Paper for National Transport Policy, Moving South Africa and

the NLTTA are policies, among other, that advocate for:

» The maximisation of the speed and service of passengers;

e The provision of on-line information to the transport users to enable them to make
their choice of which mode to use;

o The increase of safety during transportation;

o The integration of different modes of transport;

o The annual creation of a Current Public Transport Record (CPTR), which contains
the status quo of public transport services, facilities and usage and a statutory
requirement is for the CPTR to contain a map of the facilities. For the CPRT, some
spatial analyses are required to determine average walking distances to bus stops or
routes and the relationship between socio-economic characteristics/land use and public

transport activity.

From the policies set out in this legislation, it can be concluded that all the applications
of spatial information systems in public transport explained in Section 2.2, which are
mostly from developed countries, are relevant and can be implemented in South Africa
and also lead to the fulfilment of the objectives set from the policies. As a result, spatial
information system software products are commonly used in public transport in most of

the Metropolitan areas’ transport departments.

In attempting to assess the applications already in use and how they are developed, the
main problem encountered is that of limited availability of published literature. For
example, in this research, the only published literature obtained was that of the Durban
Public Transport Information System discussed in Section 2.2.1. Many of the
applications only become apparent when one conducts interviews or visits to the

respective departmental offices.

Only after conducting visits or interview can the challenges faced in using spatial
information systems be ascertained. These include the failure of the systems, in some
cases, to handle other types of data, especially the data acquired from public transport

surveys, or to perform required functions. The main cause of this problem is that when
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many departments engage in spatial information system applications, there is lack of
forethought on the particular functions to be performed and also how other databases
can interface with the application. Another cause is that of lack of expertise to develop
the databases when software products are purchased. The data is used in the software
without a structured database. At a later stage, when some functions are required or
when some other type of data needs to be used in the software, difficulties are
encountered and only then are consultants engaged and a proper database structure is

established.

2.4. Summary

The systems that have been reviewed in this chapter illustrate the typical applications of
spatial information systems in public transport. What they all have in common is that
their databases were developed using the relational model, as it is the model supported
by ESRI ArcView 3.2®, Arcinfo 7.5.1® and MabObjects 2.0®, which, as is discussed
in Chapter Three, has limitations when representing the complex data handled in spatial

information systems.

Chapter Three outlines the stages involved in designing a spatial information system,

with particular focus on the data model design stage.
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Chapter Three

The design of a spatial information system

3. Introduction

This chapter discusses the main phases in developing a spatial information system.
More detail is provided for the data model design phase, as it is the most important
phase and the main focus of this research. The diagram in Figure 3.1 highlights the main

phases in designing a spatial information system.

Needs assessment
and data discovery

Design of the data
model

Testing the data
model

Implementation of the
system

| Testing the designed
prototype

Figure 3.1: The phases in designing a spatial information system

The first phase in designing a spatial information system is for needs assessment and
data discovery. The second phase, involves the creation of the data model to accurately
abstract data from the real world into the database. The third phase is the testing of the
created data model by developing a prototype system and lastly, the developed
prototype is tested with potential users and any necessary changes are made until a level
of agreement is reached and the full system can then be implemented. These phases are
elaborated further in Sections 3.1, 3.2, 3.3, 3.4 and 3.5.
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3.1. User needs assessment and data dictionary

This involves consultations with potential system users in order to determine what they
expect from the final product. The users reveal the processes they usually perform and
the data they require for these processes. The designer then notes the data present, its
suitability for use and determines which of the processes to include in the spatial

information system.

3.2. Design of the data model

The selection of the appropriate data model is a critical factor for the success or the
failure of the system. For the database of any spatial information system to be
completely representative of reality, an accurate data model is required to abstract data
from reality into the database. Whereas the first phase does not require any expertise,

this stage requires an expert in data model design principles.

The process of designing a data model proceeds in the following levels:

o The conceptual design level; and

o The logical design level.

These levels of data model design and the different approaches used at each level

elaborated on.
3.2.1. The conceptual design level

This is the first step in the design of a data model and leads to the development of a
conceptual data model. A conceptual data model is a representation of the data to be
included in the spatial information system and how the data is connected and related.
The conceptual data model is independent of details on how the data model is to be
implemented and the software product to be used. At this stage, it is essential for the
designer to develop a data dictionary. The data dictionary contains information
describing all the entities (to be defined in Section 3.2.1.1) being modelled and the
relationships amongst them. This documentation is vital in keeping track of the design
progress. This facilitates the discussion with potential users and allows the detection of

contradictory definitions. In cases when the designers change during the design process,
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with the presence of the data dictionary there will be no need to start afresh. The data

dictionary for this research is in Appendix A.

To draft a conceptual data model, a formal approach called the entity-relationship model
is used (Healey et al 1991, Worboys 1995, Willits 1992).

3.2.1.1.The entity-relationship (E-R) model

This model views the world as being made up of entities and relationships. An entity is
a thing that can be uniquely identified, for example a specific car or a specific person.
Entities can be grouped into classes of similar things known as entity types. A
relationship is an association among entities or entity types (Chen 1976). An important
aspect of a relationship is its cardinality or degree. There are three kinds of relationship
degrees, namely:

a The one-to-one relationship;

@ The one-to-many relationship; and

o The many-to-many relationship.

The only variations of these arise from how each of the entities will be participating in
the relationship. If a relationship is such that each entity must participate in the
relationship, then the relationship is obligatory, otherwise it is optional or non-

obligatory.

3.2,1.2.The E-R Notation

Since the acceptance of the E-R model, different researchers have come up with their
own notations for representing entities and relationships using diagrams. This research
will adopt the Crow foot notation, which is illustrated and explained in Figure 3.2
(Connolly et al 2002):
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Rectangular box represents an

entity type
=>0— One or more may exist
P One or more must exist
+ One must exist
o] One may exist
Example

Person 0~ Car

The relationship indicated in the example reads as
Jfollows:

Forward: A person must own one car.

Backward: A car may be owned by one or more people.

Figure 3.2: The E-R Crow foot notation.

After a conceptual data model has been created in the first level, it is taken to the next

level, the logical design level, for further refinement.
3.2.2. The logical design level

This level corresponds to the conversion of the conceptual data model to the logical data
model. When the conceptual data model is drafied, it is just a schema of how
phenomena are represented in the real world. During the logical design level, the
conceptual data model is transformed into a model that can be implemented in a
particular software product of choice. Theoretically sound database design principles are

required for the transformation of the conceptual data model.

When an attempt is made to implement some of the entities and relationship from the
conceptual data model directly into the software, there may be occurrences of redundant
data or some relationship that cannot be supported by the software. Principles of
database design are then applied to remove the redundancies and properly structure the
relationships. This results in a logical model that is ready for implementation in any

software of choice.
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For designing the logical data model, several approaches can be used, the common ones
being:

o The hierarchical model;

The network model;

The relational model;

The object-oriented model; and

O o o o

The object-relational model.

The hierarchical model and the network model were amongst the first to be developed.
As they both were developed on a tree structure, accessing data from a database created
from these models can be difficult. One either has to go through a predetermined
relationship or use an algorithm to generate the location for the instant of an entity in the
data file (an example is the use of the hashing algorithm in the network data model).
Such were the problems of these models that led to the development of the relational
model. Although the relational model has become popular, for reasons to be discussed
in Section 3.2.2.1 in this Chapter, it is also not without its own drawbacks for some
applications. Due to the drawbacks of the relational model, there has been a shift
towards the application of either the object-oriented model or the object-relational

model in logical data model design (Harrington 2000).

The object-relational model is a hybrid of the object-oriented model and the relational
model and it is the model that will be used in developing the logical data model for this
research. It is also the model inherent in the software to be used for implementation,
which is ESRI Arcinfo®. To be able to fully explain the object-relational model, it is
vital to discuss the object-oriented model and the relational model separately and then
attempt to derive from these discussions some of the properties inherent in both models
that make the object-relational model more superior. Since the relational data model was

developed earlier than the object-oriented model, it will be discussed first.
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3.2.2.1.The relational model

The relational model captures information from the E-R conceptual data model and
represents it as a collection of two-dimensional tables in the database. The road entity is
given as an example (see Figure 3.3). Each table is given a name. It is made up of
columns or named attribute types and rows or records. Each row contains information
relating to one entity. The intersection of each row and column in the table contains an
attribute value. The following are the properties of the tables (Codd 1970, Howe 1989,
Date 1995):

o The ordering of rows is not important, they can be interchanged.

@ The ordering of columns is not important.

a Each row and column intersection must contain one single value.

a Each row in the table must be unique. This requires that in each row, there should be

a unique identifier that differentiates that row from the other rows.

Column containing

Attributes types
unique identifiers vP

RoadiD RoadName Classification

00120 Main Highway
/630121 First Arterial) \

An attribute
value

A row

Figure 3.3: The relational model

The relational model uses a well-defined standard data manipulation and data definition
language called the structured query language (SQL). This enables users to easily
interchange their data between different applications and software products. The other
reason why the relational model has become popular is that it is based on a well-

developed mathematical theory of relations and first order logic. It also offers tools for
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analysing data redundancy and provides the user with a very simplified view of the data
in the form of tables (Saake et al 1995).

The relational model has been successful in applications that involve tabular data with a
simple structure. Examples are applications dealing with bank accounts and personal
files, in which the data can be represented as integers and strings. Despite its success
with these applications, the relational model has been considered inadequate when it
comes to modelling the complex data inherent in spatial information systems and the
complex relationships amongst the data. Examples of the complex data include
multimedia data like audio, video and images. An attempt to handle some of the
complex data leads to the breakdown of spatial objects into smaller parts to enable
storage into tables and then regrouping them in response to queries. This slows down

data retrieval during query processing.

Another drawback of the relational model is that it relies on the idea that they can only
be one correct value for each piece of data at any one time, whereas in spatial
information systems, they can be different users working on concurrent versions of the
same database, as illustrated in Figure 3.4 (Egenhofer 1996, Worboys 1996, Cooper
1997).

Default

/_-\
]

11107

RN

|

Public transport
database

Figure 3.4: A database with multiple versions.

Spatial information systems involve the integration of data from various sources into

one system, using geographic location. This requires models that enable the
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representation of the same data at different levels of detail while maintaining the

possibility of performing several tasks.

Due to the limitations of relational models explained, designers have turned to the
object-oriented model, which is based on the object-oriented approach commonly used
in programming (Egenhofer 1992, Clodoveu 1994, Fletcher 1996, Trépanier et al 2001).

3.2.2.2.The object-oriented model

The object-oriented approach has been in use in programming languages since 1966.
Due to some of the advantages offered by this approach in programming, researchers
moved for the application of its concepts in data model design. The result is the
application of the object-oriented model in data model design (Hughes 1991). The rest
of the section discusses the important concepts of the object-oriented approach that
define the object-oriented model. The concepts of the object-oriented model to be
discussed highlight some relationships that are inherent between entities in the real

world, which the relational model fails to capture (Harrington 2000).

Before discussing the concepts of the object-oriented model, it is essential to provide a
distinction between entities and objects. In the object-oriented model, all the entities in
the conceptual data model are treated as objects. The difference between entities and
objects is that an entity is defined by attributes only, whereas an object, besides having
attributes, has a set of operations that it can perform or that can be performed by other
objects on it. These define its behaviour. Taking the road object as an example,
operations it may have include the following:

@ Constructor operations: operations for creating a new road or deleting an existing

road.
0 Accessor operations: operations that can perform calculations for the road, for

example calculating its length.

Objects with the same behaviour are organised into one class. Therefore, each object is
described as an instance of a class (Worboys 1994). An example of such an object is

illustrated in Figure 3.5.
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Message:Create_road (x)

Road

-RoadName; string

/ -RoadClass:string
Aliributes

+Create road()

operations/ +Delete_road()

Figure 3.5: A road ebject with attributes and operations it can perform

Objects communicate with each other using messages (Hawryszkiewycz 1994 and
Milne et al 1993). In Figure 3.5, an object sends a message called ‘Create_ road x’ to
the road object. The message is transmitted and activates a process in the road object.
When the road object receives this message, it has an operation that performs this task.

It also has an operation for deleting a road from the attributes.

Object identity

Each object is assigned a unique identifier (ID) by the software when the object is
created. The ID cannot be changed and is only abandoned when the object is deleted
from the database. This ID, unlike in the relational model, is independent of the attribute
values. Therefore, it is unnecessary to provide variables for the purposes of identifying

an object.

Encapsulation

Encapsulation enables objects to hide the methods they use to implement their
operations. An object has an interface part and an implementation part. The user can ask
the object to perform tasks through the interface and can only see the result after the task
is implemented, and not the operation itself used to accomplish the task, which is part of
the implementation part. Once the object’s interfaces are defined, the object can perform
only the operations specified. The implementation part can be changed without

changing any of the programs in the interface (Bancilhon 1996).
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Inheritance

Inheritance allows a new class to be created using the data and operations declared for
another class. It acts in two ways, through generalisation and specialisation, which are
illustrated in Figure 3.6. Generalisation groups several objects into a more general
superclass. Properties common to a superclass and its subclasses are defined only once,
at the superclass and are inherited by the subclasses. But properties defined for the
subclass are not compatible with the superclass. In Figure 3.6, the super class is
‘vehicle’ and the subclasses are ‘car’ and ‘bus’. Car and bus are generalising into a

vehicle (Bancilhon 1988 and Shekhar 1996).

Specialisation is differentiating types according to specific roles, for example the
vehicle object specialises into a car and a bus. When the model illustrated in Figure 3.6
is implemented, the car and bus will also contain the attributes of vehicle, which are the

maximum weight and the registration number, in addition to their own attributes.

Vehicle

-MaximumWeight : String
-RegistrationNumber : String

T

Car Bus
-CarlD : String -BusiD : String
-OwnerlD : String -Capacity : int
-OwnerName : String -CompanyName : String

Figure 3.6: The object-oriented concept of inheritance

Aggregation

Through aggregation, an object is created, which is made up of component objects. The
aggregate object is treated as one unit in many operations although it is made up of
smaller objects (Frank 1996). An example is given in Figure 3.7, where a transport

network is made up of roads and stops. The diamond is the UML diagramming
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notation'® for representing aggregation, * represents many, for example many stops and

roads can make up a network.

Transport network

%*
%

Stop Road

Figure 3.7: The concept of aggregation.

Association

An association represents the relationships between objects. An association has
multiplicities, which are an indication of the number of objects that can participate in a
relationship. In Figure 3.8, the UML Notation indicates the relationship multiplicities.

The sign ‘*’ represents ‘many’ and ‘0...1° represents ‘one’.

Person Car

The association indicated by the example reads:
Forward: A person must own one cars.
Backwards: A car may be owned by one or more people

Figure 3.8: The concept of association.

Polymorphism
This allows the same operation to be implemented using different methods in different

classes. For example the operation ‘Calculate_area’ has different implementations for

the rectangle, circle or triangle classes.

' The UML Notation is one of the notations used in representing objects and other concepts of the object.
oriented model (it is comparable to the E-R notation used with the relational model).
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From the discussion provided on the various concepts of the object-oriented model, it
can be deduced that the object-oriented model offers a more representative abstraction
of data than the other models. However, it does have its disadvantages. One drawback
of the object-oriented model is poor performance. This is due to the fact that accessing
the data enclosed in objects, which have a complex structure, through methods built on a
rich set of operators poses problems of query optimisation''. Encapsulation states that
the data should be hidden from users whilst the query needs to see the internal structure
of the objects. Another drawback is that it is not suitable for ad hoc querying like the
relational model. It is also unable to support large-scale database systems. Given these
shortcomings, the object-relational model is considered as a superior alternative

(Devarakonda 2001, Bancilhon 1988).

3.2.2.3.The object-relational model

The object-relational model is a hybrid model. It is primarily relational but the object
aspect of the model emerges from that fact that it stores objects, as opposed to entities in
tables. These objects are implemented subject to the same rules that apply to the
relational model. It was designed to capture the benefits of both the relational and
object-oriented models highlighted in the preceding discussions. It aims to enhance the
capabilities of the relational model. The object-relational model supports complex data
types and even provides an interface for the user to define new data type. It also
supports the complex relationships explained for the object-oriented model in Section
3.2.2.2 (Franklin 1996).

One advantage of the object-relational model is that the resulting database has
substantial scalability'?. The objects-relational model has the ability to query and handle
complex applications. With the object-relational model data can be accessed faster and
queries can be performed using the standard SQL language. The problem of query

optimisation faced with the object-oriented model is solved in the object-relational

" Query optimisation is the process of analysing a query to determine what resources it requires and how
to execute the query with the least possible cost.
12 Scalability is how performance changes when the database size increases.
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because it uses indices and advanced query optimisation techniques of the relational

model (Harrington 2000).

This is the model to be used in this research and is also inherent in the implementation
software, Arclnfo. It is further ‘discussed in Chapter Four, along with the

implementation details.

3.2.3. Development of a prototype

There are various ways of doing this. In this research the prototyping approach is used.
In this approach, a working prototype model for the system is designed, with limited
functions (Ince 1995). The database is populated with a sample of the data to be
included in the system. In most cases, it is necessary to design a user-friendly graphic
user interface (Galitz 1989). It is also during this stage that matters regarding how
information will be retrieved from the database, how the database will be updated and

the kind of processes that can be performed by the system are highlighted.

3.2.4. Testing the designed prototype

After development of the prototype model in a software product, it is essential to test it
on the potential users of the system in order to get their responses. This is the purpose of
the fourth phase. It is these potential users who decide on whether the system is suitable
for their use or not. If not, the designers have to make the necessary changes, until some

level of agreement is reached with the user.

3.2.5. Implementation of the system

After the users agree to the developed prototype system, all the data is added into the
database, all functions of the systems are installed and the designed prototype becomes a
complete system that is implemented for the user to perform queries and execute other

predefined processes.
3.2.6. Summary

This chapter discussed the stages involved in designing a spatial information system and

the approaches used at each stage were compared and contrasted. Choices were made on
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which approaches to use for this research based on the presented arguments. The
selected approaches are used in explaining the development of the data model for this

research in Chapter Four.
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Chapter Four

Design and implementation of the public transport

information management data model

4. Introduction

The previous chapter elaborated on the phases of spatial information system and

provided insight into the different approaches used in each phase, with the main being

on the data model design phase. Whereas the last chapter was theoretical, this chapter

provides a detailed discussion on the conceptual data model designed in this research

and the transition from a conceptual data model to a logical data model. The details of

implementation of the data model in the software of choice and the development of the

prototype are also provided.

4.1. The public transport information management conceptual data model

Employee

So—o<

Municipal
Area

Service Job Timetable
Public
Transport >0——0<< Route
Vehicle
TripPath

S begin

Stop

Figure 4.1: The conceptual data model.
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Figure 4.1 shows the conceptual data model that was designed in this research for public
transport data management, all the entities involved and how they are related. The rest

of this section explains each of the entities presented in the conceptual data model.

The municipal area represents the area in which a road is located. A town is divided
into different municipal areas. In each area, the municipality is responsible for the
supply and maintenance of infrastructure. A road represents the network that is used
daily by different modes of transport. A road must be located in one municipal area but

one municipal area may have one or more roads in its area.

The route is a physical feature representing a path taken by a public transport vehicle
travelling along the transport network. A route may use one or more roads and a road

may have one or more routes using it.

The timetable represents any information on the daily times and services available for
each mode of public transport. A route may have one or more timetables but a timetable

must be for one particular route.

Public transport vehicle represents all the different modes of public transport, that is
buses, trains and minibus taxis. Service job is a record of any maintenance or repair
work performed on a public transport vehicle. A public transport vehicle may have one
or more service jobs but a service job must be for only one public transport vehicle. The
employee object contains information on the public transport vehicle drivers. A driver
may drive one or more public transport vehicles and a public transport vehicle may be

driven by more than one driver.

The trip and trip path entities are included in the data model to cater for the inclusion of
ride check survey data into the system. A trip represents the journey taken by a public
transport vehicle from an origin stop to a destination stop. A trip path represents the
section of a route. It is the path from one stop to the next stop. A trip path must begin at
one stop and end at another stop but a stop may have many trip paths passing through it.

A route may have many trip paths but one trip path must be for one route.
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Stop represents a place where the public transport vehicle stops to pick up and drop off
passengers during any particular trip. Stops include bus stops, bus termini'?, train
stations, minibus taxi ranks and trip stops. A trip stop, in the case of representing the
ride check survey data, represents a point where the bus stopped to drop off or pick up
passengers but which is not a designated stop. A road may have one or more stops, and

a particular stop can only be located along one road.

As has been highlighted in the previous chapter, the conceptual data model has to be
transformed into a logical data model for implementation. Section 4.2 below discusses
these transformations in relation to the conceptual data model explained above and

presents the logical data model.

4.2. The public transport information management logical data model

As was stated in Chapter Three, the object-relational model is to be used to develop the
logical data model. All the entities discussed for the conceptual data model at the
beginning of this chapter are treated as objects. Despite the fact that the entities are
treated as objects and have custom behaviour, they are subject to the design rules of the
relational model. After applying these rules, a logical data model is produced that is well
structured and has no redundant data. This structuring of data to remove redundancy is

called normalisation.

The route-timetable and the road-route relationships are used as examples to show the

transformation from the conceptual data model to a logical data model.

The route- timetable relationship
Table 4.1 illustrates the structure of the route-timetable relationship from the conceptual

data model.

13 A bus terminus is a collection of two or more bus stops.
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Table 4.1: The route-timetable relationship table

Tlr;x:rt“a:Ie Timetable ID RouteName RoutelD
B-CT1 T1 Blaauwberg to Cape Town RT1
B-CT2 T2 Blaauwberg to Cape Town RT1
S-CT1 T3 Sea Point to Cape Town RT2
S-CT2 T4 Sea Point to Cape Town RT2
S-CT2 15 Sea Point to Cape Town RT2

From Table 4.1, the one-to-many relationship between route and timetable leads to the

existence of some redundant data in the database. For example, the route names

‘Blaauwberg to Cape Town’ and ‘ Sea Point to Cape Town’ have been repeated. This

increases the size of the database. Another problem is that each time a new timetable is

added into the database for one of these routes, the route name has to be retyped. If there

are any spelling mistakes, then some of the information is not retrieved when queries are

performed. To structure this relationship properly using the relational model, two tables

are created for route and timetable, and the RoutelD is posted into the timetable table

(see Table 4.2). The same is done for the other one-to-many relationships in the

conceptual data model.

Table 4.2: The normalised route-timetable relationship tables

Ti::::h Timetable 1D RoutelD RouteName RoutelD
B-CT1 T1 RT1 Blaauwberg to Cape Town RT1
B8-CT2 T2 RT1 Sea Point to Cape Town RT2
8-CT1 T3 RT2
§-CT2 T4 RT2
§-CT2 TS RT2
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The route-road relationship

Table 4.3 illustrates the structure of the route-road relationship from the conceptual data

model.
Table 4.3: The route-road relationship table
RouteName RoutslD RoadName RoadiD
Blaauwberg to Cape Town RT1 Blaauwberg Road RD1
Blaauwberg to Cape Town RT1 Koeberg Road RD2
Atlantis to Cape Town RTz Blaauwberg Road R
Atlantis to Cape Town RT2 Koeberg Road RD2

If the relationship was to be represented as illustrated in Table 4.3, there would be
occurrences of redundant data in the database. For one or more routes sharing the same
roads, the road name is repeatedly entered. Also, for roads sharing similar routes, the
route name is repeatedly entered. The same problems are faced in data updating as

explained for the route-timetable relationship.

Unlike the one-to-many relationship, which can be structured by posting the RoutelD
into the Timetable table, many-to-many relationships can only be structured well by
constructing a third table to represent the relationship (see Figure 4.2.). A combination
of the RouteID and RoadID uniquely identifies a row and this type of identifier is called

a composite identifier.
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RouteName RoutelD RoadName RoadlD
Blaauwberg to Cape Town RT1 Blaauwberg Road RD1
Atlantis to Cape Town RT2 Koeberg Road RD2
RoutelD RoadlD j
RT1 RD1
RT1 RD2 > Re’?:g{;s“ip
RT2 RD1
RT2 RD2
Y

Figure 4.2: The normalised route-road relationship tables

After structuring the relationships as explained, the logical data model is created. This is
represented in Figure 4.3. The logical data model shows posted identifiers from other
tables, for entities participating in relationships. All unique and composite identifiers are

shown underlined for each relationship.
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Timetabie MunicipalArea

|
RoutelD
Route/Vehicle Route Road/Route Road
RoutelD > O—RoutelD O <Bgasu|2 > O ngoadName
VehiclelD - - fouelld Municipal area
PublicTransport
Vehicle Employee/Vehicle TripPath | Stop
TripPathiD
VehiclelD O <Mehm!el12 RoutelD > O—iStoplD
EmploveeiD FromStopiD RoadiD
ToStoplD
Service Job Employee Trip Trip/Stop
ServiceJobiD EmployeelD TriplD O {:m
VehiclelD Stopll

Figure 4.3: The logical data model

The data model presented in Figure 4.3 is ready for implementation. Prior to the
discussion of any implementation details, it is vital to discuss some components of the
software, how the object-relational model is supported in the software and how each of
these entities is to be represented, both in the database and spatially. Although the data
model has been general to all public transport modes, for implementation, the mode of

transport used are buses.
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4.3. Tmplementation of the data model in Arclnfo

The version of Arclnfo used is 8.2, which is part of the ArcGIS® software package
created by LSRE Inc. Arcinfo was sclected because it was the only soltware avallable

that supports the objcct-relational model, Figure 4.4 illustraics the structure of the

ArcGIS software.

ArcEditor

I
ArcViow i

Arcinfo

- ﬁrEMﬂdPt i ArcCatalog ArcToolbox
il e Dade L Taake Bicwaing and Cantaing

and analysie fone

andglng data EOAICCEsaINg (00iE X
i, ma niaglng geap 3

STy

Figure 4.4: The sienciure ol the AreGIS software package

In the ArcGlS soflware, the user sclecls whether o work in Arclnfo, ArcView or
ArcEditor. Arclnfo was selected because iU hay options for creating and cditing
peodatabases. creating  networks, advanced  peoprocessing  capabilitics and  data
conversion using Arelnfo Workstation. The desktop applications for gach of them arc

Archap, ArcCatulog and AvcToolbox,

There arg several [actors considered in implementing the dats model, ranoing from the
creaiion of the databasc, the representation ot spatial features and database population i

the software. These are discussed in the following sections.
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4.3.1. Object-relational modelling in Arcinfo

Arclnfo contains a geodatabase data model, which is object-relational. One of the most
important concepts of the object-relational model that is mainly used in the geodatabase
is inheritance, which has been discussed in Chapter Three. In Arclnfo, there are some
predefined objects that perform specific operations. Through inheritance, the designer
selects custom objects in ArcInfo with properties similar to those of the objects created
in the logical data model. All the created objects can then inherit their properties from
the custom features already available. This procedure can be performed in ArcCatalog,
or using the Computer Aided Software Engineering (CASE) Tools available in the
Unified Modelling Language (UML) (Zeiler 1999).

In this research, CASE Tools using UML in Microsoft Visio Enterprise 2000® were
used. The selection of Microsoft Visio Enterprise 2000 was based on the fact that it is
one of the software products containing UML that is supported by ArcGIS. In UML, a
schema is created; the one illustrated in Figure 4.5 is an example. This schema is based
on the ArcGIS Transportation Model, which was developed by ESRI and is distributed
on the World Wide Web.

ESRI Classes::SimpleEdgeFeaturd

Arcinfo custom
network feature

Road
-RoadlD : esriFieldTypeString BN
-RoadClass : esriFieldTypelnteger
-Speed : SpeedClass .
-RoadName : esriFieldTypeString Attributes
-AMVolumeTo : esriFieldTypelnteger of road
-AMVolumeFro : esriFieldTypelnteger > and their
-OFFVolumeTo | esriFieldTypelnteger data
-OFFVolumeFro : esriFieldTypelntege types
-PMVolumeTo : esriFieldTypelnteger
-PMVolumeFro : esriFieldTypeinteger

-Delay : esriFieldTypeinteger _J

Figure 4.5: The road object and inheritance
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In this schema, the Arcinfo custom objects selected are illustrated along with the
designed objects and the relationships indicated. For example, in Figure 4.5, the custom
Arcinfo object is the simple edge feature. It is used to model linear features that
represent network features like roads, railway lines and rivers. The simple edge feature
has custom behaviour that distinguishes it from other linear features. This enables
network lines to be differentiated from other lines for example, straight lines
representing the edges of a building. The road, from the logical data model, therefore
inherits the properties of the simple edge feature in Arcinfo. The rest of the schema,
representing the other objects present in the logical data model has been placed in
Appendix B.

After the schema is created using UML, it is exported to the Microsoft Repository. The
created Microsoft Repository is then imported into ArcCatalog, where a personal
geodatabase (the one called Prototype and is shown highlighted on the left hand side of
the box in Figure 4.6) is generated.

{0} veipPath

Figure 4.6:The created personal geodatabase

To the right hand side, in Figure 4.6, all objects present in the logical data model are
created either as features or tables. After the geodatabase is created in ArcCatalog,

projection parameters are set, the relationships are created and the tables are then
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populated with data. Table 4.4 shows the data sets used to populate the geodatabase,

where the data was acquired from, and the format the data was in during acquisition.

Table 4.4: The data sets used

Data set Format Type Department where

acquired from

Road centrelines | Digital ESRI ArcView shapefiles | Cape Metropolitan
Council

Bus stops and Digital ArcView shapefiles Cape Metropolitan
bus termini Council

Traffic count Digital Microsoft Excel Cape Metropolitan
data spreadsheet Council

Ride check Digital Microsoft Excel Cape Metropolitan
survey data spreadsheet Council

The following sections discuss how each of the spatial data features and the non-spatial

data are represented in the software.

4.3.2. Representation of spatial objects
Road

The road is modelled as a network feature. In the geodatabase model, a network is made
up of edges and junctions. The edges correspond to road sections and the junctions to

road intersections (see Figure 4.7).

The representation of the network is a dual one, including the geometric network and
the logical network. The geometric network is the view of the network as being made up
of connected elements such as roads, stops, railway lines and stations. This is the

network the user creates in the geodatabase.

Behind the scenes is a logical network, which is created by the system for every
geometric network that is created in the geodatabase. The logical network stores

information on the connectivity of the elements in the geometric network. The logical

C. Dondo Page 46 $I8 for public transport




network is a graph. Each edge has a weight associated with it that represents the cost
incurred when traversing along it. This weight could, for instance be the volume of
traffic along that edge or time taken to travel along that edge. This consideration of the
network as a graph made up of weighted edges enables the performance of network
analysis like the shortest path analysis, which is one of the most important analysis
available in spatial information systems and applicable to public transport (Laurini et al
1996, Miller et al 1999, Waters 1999).

junction junction junction
@@ ¢
edge edge
edge
junction

Figure 4.7: A network with three edges and four junctions

Route

When a linear feature is created in ArcInfo, it is made up of nodes and arcs, popularly
known as the node-arc model. The nodes mark the beginning and end points of that line,
thus a line; must start and end at a node. Attributes representing the linear feature are
placed either in the node table or the arc table. This representation is ideal when
attributes are constant between any two nodes making up an arc. This model becomes
restrictive when dealing with features that have varying attributes along an arc, for
example the number of passengers travelling along a section of a route- as will be
illustrated in the example in Figure 4.8 and Figure 4.9. If, for example, some attribute
value changes between the two end nodes, an extra node has to be placed at that point
and this splits the arc into two parts. This splitting of arcs and adding of nodes increases

the size of the database.
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Arc 4

@ .
Node 1 Node 2
| Number of passengers = 6 |

Arc attribute tabie\
ArciD fFrom nodefTo node } Number of

passengers
1 } 1 ‘ 2 L 6
Node attribute table
Node 1D
1
2

Figure 4.8: Representation of route attributes using the node-arc model

From Figure 4.8, the node-arc model is used to represent the number of passengers
travelling along a route. It also illustrates how the arc attribute and node attributes
tables are set out to represent this information. It might be required to present this
information for different times of day or different days of the week and the statistics
would probably vary. Instead of having six passengers travelling along the same section

of the route, the arrangement changes to that illustrated in Figure 4.9.

Arc 1 Arc 2
@ t L
Node 1 Node 3 Node 2
| Number of passengers = 6 | Number of passengers = © "

| 1

Arc atiribule tab!e\
Arc D

From nodelTo node Number of
assenger
1 1 3 8
Node attribute table
3 2 g
Node 1D
1
2
3

Figure 4.9: Representation of route sttributes using the node-arc model
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All the other information related to the route, for example stops locations, are modelled
as events using the measures from the measure system formed. In this research, the trip
path object in the data model is modelled as an event illustrating the approximate
number of passengers who were travelling along a particular section of the route during
the ride check survey, from one stop to the next. The hatched line in Figure 4.10 is
representing an example of the trip path event. The thicker the hatched line, the more
the passengers there are along that section of the route. The following are examples of
the type of information that can be derived from Figure 4.10:

a From stop 1 to stop 2, there were five people in the bus.

o From stop 2 to stop 3, there were ten people in the bus on that particular trip.

Stop

The stops are represented as a separate layer of point features with x and y co-ordinates.
As explained in Section 4.1, a stop can either be a bus stop, a bus station, or an
undesignated place where the bus stopped to drop off and pick up passengers during the
ride check survey. These three variations of stop are represented using subtypes. The
three subtypes inherit the attributes and properties of stop (see Figure 4.11). The

subtypes can be represented on the map using different symbols (see Figure 5.7).
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Stop

-StoplD : esriFieldTypeString

-StopName : esriFieldTypeString
-PassengersBoarding : esriFieldTypeinteger
-PassengersAlighting : esriFieldTypelnteger
-StopClass : esriFieldTypeString = 3

-ArrivalTime : esriFieldTypeDate

-StopDescription : esriFieldTypeString
-DepartureTime : esriFieldTypeDate

-PaidByCash : esriFieldTypelnteger

-PaidByCard : esriFieldTypeinteger
-PassengersBoardingAMPeak : esriFieldTypelnteger
-PassengersAlightingAMPeak : esriFieldTypeinteger
-PassengersBoardingOFFPeak : esriFieldTypelntege
-PassengersAlightingOFFPeak : esriFieldTypelntegey
-PassengersBoardingPMPeak : esriFieldTypelnteger
-PassengersAlightingPMPeak : esriFieldTypelnteger

SulLtype BusStop
-SubtypeField = 1

TripStop BusTermini
-SubtypeField = SubtypeField = 2

Figure 4.11: Representation of stops using subtypes

4.3.3. Representation of non-spatial objects

The other objects of the data model with no spatial representation are modelled as
tables. Tables were created in the geodatabase for employee, service job, timetable, trip
path and municipal area. The relationships between the objects are modelled as

relationship classes.

4.3.4. Integrity of data in the database

Maintaining the accuracy of the database after updates are made is a very important
aspect of any spatial information system (Miller er al 1996). The geodatabase data
model enables the maintenance of accurate attribute data in the database by allowing
constraints to be set for the attributes through the use of attribute domains. Attribute
domains prevent the presence of invalid data in the attribute tables. These are specified

when the personal geodatabase is constructed. There are two types of attribute domains:
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0 Coded value domains
Coded value domains are a valid sel of values Jor an atiribwle tvpe. The user specifies
them when the geodatabase is created. ‘These can apply 1o any atiribute tvpe, whether
text or numerical, When an attribute table that has an attribute type with a coded value
domain is being updated. a dropdown list appears indicating a list of the possible values
and the user can then select the required value, For example, in Figure 4,12, the coded
value domains of the road class are shown in a dropdown list, It means that the road
class can only be a freeway, a main road. a secondary road or other (for an unelassified
road). There is no way, during database update, that the editor will input another value
into the column other than one of those present in the list, In the absence of a coded
value domain, there is the posstbility that one ol the road classes can be misspelt, for
example ‘Freway', instead of "Freeway'. 11 a guery 15 made to selecl roads of clasy
‘Freewsy’, it will exelude ‘Freway” or other masspelt roads.

BoadClass Speed E nabled Delay -

Fresway | _ | Faba cHul- : —
Tl Fakoe | hiih
Oither Fabse | cHudls
Falee | Nuft
False | Nuli
_ Fakel<hub |
FaluixHul}
Faloe | ¢Nul:
Fakse | <Hulb
Falts | <Nul>
Fales | <Hub>
False | <Ml
" Fake|<Nab |
" Fales|chuly |

Faloa | il | i ILI
*

Hecoud _l_f_J_ﬂl__l__r_]_r_lJ EPM.FEI— Spdected | Rezoad: [0 ou

Figure 4.12: A road attribuose takle showing the eoded value domain.

|

Mair Road j {
Segormaw Foad

|
|
|
L
|
|

5|B|8|8 8|8 888 88583

30

2 Range domains
‘These specify the valid range of values for a numerical attribute type, For cxample,
during the creation of a geodatabase, an atiribute can be assigmed a range domain of

between O and 10, When updates are made to the attributes of a table, an atiribute
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verification check has to be performed. All the values that arc outside the domain will

be highlighted and therefore will have to be edited.

The attribute domains specificd in the implementation of the peodatabase for this
research are as follows:
1 The road class attribute type has the following coded value domains:
= [reswiy
*  Main Road
= Secondary Road
x  (ther
The road specd attribute type has a range domain. The valid numeric values are any

number between the minimum value, which is © and the maximum value, which is 120.

Another way of ensuring the presence of accurate data in the database 15 by allowing
only authorised personnel to update or delete data from the database {(Connelly e of
2002). In this prototype, editing can only be perfarmed in ArcMap. When a user
attempts to edit the data. he or she is prompted tor a user name and a password through
the dialog box. IT the password and user namc are incorreet, no editing can be

performed. A password s also required o customise the prototype,
4.4. Cuslomisation and developing the graphical user interface

Onc of the importanl aspects in designing a spatial information system, which is rarely
addressed in most sysiems, is how the users will interact with system, often called
human-computer interaction {1ICI). Most systems are developed with all the functions
but not taking the user into account. These systems quickly lose popularity and this
Icadls to losses, in time and financial resources, trving to improve the systems afler they

have already been implemented (Inec 1995).

The users interact with the system through a user interface. A pood interface should be
user friendly, so that the user feels happy and contident with the software at hand, The

interface should be robust and should not Fail when the user enters incorrect data. All the
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miormation requited by the user should be oulput in an easy to rcad formal

(Hawryszkicwyez 1994 and Shepperd 1995).

In this research, although the whole system databasc was created in Arclnlo, it was
decided to create a stand-alone application. with an easy to usc graphic user interlace
using Microsoft Visual Basic 6.0 and MapObjecls Version 2.0. With the geodatabase
still residing in ArcInfo, a connection was made from Visual Basic to the geodatabase
using the data environment in Visual Basic. Relevant information is thoen extracled
through the conneclion by writing SOQL statements. This information is then displayed

on lorms when the user selects an vption that requires this information.

The cxpert uscer can perform the more complex analysis, [or example Network Analysis

and editing in AreMap. The lavout of the system is provided in the Figure 4,13,

Type of

User Environment :
analysis
d View and print maps,
: graghs and reports
O Accessibility analysis
-P| = by 5l

Limited shortest path
analysis

User a Ridership analysis

U Produce and print
maps, graphs and
reports I
Rigership analysis
Accessibility analysis |
Metwork analysis it
Editing JI

Expert User

Figure 4.13: Layoot of the spatial information system.

The systemn is also structured such that most ol the jnformation required by the uscr is
output in graphieal form, either as graphs, reports or map layouls, This makes the

infprmation easier 1o interpret,
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4.5 Summary

In this chapter, the design of the public transport data management conceptual and
logical dala models, the implementation of the data model in Arclnfo, the development
of the prototype and the data acquired and used for the prototype have been discussed,
The next chapter examines how the system works, what the Kind of information can be

retrieved from it and the functions it can perform.
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Chapter Five

System Functions

A, Infroduction

This chapter presents sampte analysis that can be performed by the profotype system
and the type of information that can be obtained from it. The rest of the analyses are

described in Appendices C and D,

5.1, Using the sysiem

On opening the program, the user can select any ol the following analysis:
i Passenger analysis;

u o Spatial queries;

U Shortest path analysis: and

u  Ride check survey analysis.

It is important 1o state that each of the analysis highlighied above can be pertormed both
in the Visual Basic application and in AreMap. The main difterence is that in the Visual
Basic application, everything is predefined and ready for printing whereas in ArcMap,
the user has the option of scleeting a variety of symbaols and colours. The main querics
are discussed here but the rest of the functions arc defined in the manual in Appendix D.
Each of the analvsis is explained separately. The type of information that can be
obtained after each analysis and the format the information will be received in is also
discusscd, using illustrative diagrams. For the passenger analvsis and accessibility
analysis, the presented resulis are from the Visual Basic application and for ride check

analysis and shortest path analysis, there are from ArcMap.

5.2. Passenwer analysis

Passcnger analvsis is performed when it is required to display and output information on
the number of passenger using a particular bus route or getting on and oft at each stop.

The user can select to view the amount of passcngers:
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o Travelling along one specific route for the different times of day'?;
u  On different times of day for all routes; and

u  Boarding and alighting per stop for the different times of day.

Figure 5.1 illustrates a map showing the number of passcngers who boarded and

alighted at cach stop during the AM Peak alony the Atdantis-Cape Town bus route.
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Figure 5.1: Passengers boarding anid slighting st each stop.
5.3, Accessibility analvsis

This type of analysis can be performed after selecting the “spatial querics’ menu item.
An example of this fype of analysis is when il is requited 1o assess the approximate
aumber of people living within a distance ol 4 siop, for example, 100 meters. The
census data polvgon layer is added to the map and the selection 15 done based on this

fayer. Afler the query is done, the population racts within 100 meters of the specified

'* There ure three cifferent limes of the day, the AM Peak, the PM Peak or the OFI Peak. AM Peak is the
moming peak period, when a lot of people are 2oig 1o work, from &30 am o 10,30 am, OFF Peak is
from 10730am to about 3:30 pm and PR Peak is the late alternoomi pericd when mest people are teturning
[rom werk, from 3:30 pmto 630 pm,
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stop (the one highlighted in vellow in Figure 5.2) are selected and converled to a

shapefile (sec Figure 5.2). Thev are displayed on the map and the population

information gathered from their attributes.
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Figure 5.2: Popalation tracts within 100 metres of the step

From the population tracts attributes, statistics on the number of people can be derived.

For example, for the query executed in Figure 5.2 the attributes of the three population

tracts selected arc shown in Figure 5.3.
 ETUCTEC ~ CENTUTTTE

[~ ioneeants S

| ceatan

2 leatures feund

* reablies Sund

Locelion

2 Peatur gs Feaiid

Featura Y mahira:
Teaturs:
:I Arerhutes: ERTribuTes
Arbutes:
WHITE = 221 % WHITE r S0 =] WHITE = 515 =
i ;“ i SLELPE s Wirerfon HE-RLER T Ll {]
I .r, ) 1 IR = AN -2
reﬂu-.m '] | [Fearuretd - 1 i Featirgld = 2
e DEHGITT_HA = 37 57145 E DEMLITI_HA = 7405574
i £ st | I CAL B o fas | QAL _PoP = 85F
[0 T RN ST | = E s
gy L WREA 4 21, 48807
WA HL s 5T WREA _HL £ 19 Tt _Ha = 21, &5807
| - = TSR A 50
WA IRATC e WREA = TTRET SEIET WRES I
P = 0 AN = SRS FILTL IS
COLOURED = 11 = | COLOLAED « =] COLTURED - 2 =l
Thsrme | et Thame: tset Thesne: et

Whepe lyper Pobaron

I Shane Fype: Polydon

Shape Type. Palygon

Figure 5.3: Attributes of the scleeted popualation tracts

£. Dande

Page 58

SIS for public

transport



From Figure 5.3, it can be deduced that approximately 1685 people stay within 100
metres [fom the stop. This kind of information is uscd to assess how well the stops are
serving the customers. It can also be wsed to estimate the ridership statistics for a
proposed stop location; this would be even mare elfective il information on car

ownership is available for each area,

5.4. Shortest path analysis

One of the most important applications ol spatial information systems in transport is the
calculation of the optimal path between two any points marking the start and end points
of a proposed route. This helps when public transport operators need to reassign public
transport vehicles to more efficient routes, that is routes that are less congested and take
less time to traverse through, In the Visual Basic application, the only kind of shortest
path analysis that can be performed is that based on the length of cach road section (see

Appendix D for an cxampleh

In Arclnlo, the cost of tavelling along a network fincar [eature 15 based an the weight
assigned to it. By default, the weight is the length of that network lincar frature,
(herwise, the designer can include other wuights. In this research, the following
weights are considered,

u The volume of traffic in cach scgment of the road [or the theee different peak
periods, that is the moming peak (am peak). during the day (off peak) and the
evening peak (pm peak).

3 Time delavs along cach segment of the road based on the maximum specd allowable
for the road scgment. This time is caleulated by dividing the length of cach road

section by the  maximum  allowable speed  along  that  road, that s,

. Lengthim)
Time —
s A]}eed(ms )

1 Time delays incurred when a vehicle waits for its turn to cross an interscetion. either
a signalised intersection (one with taffic lights) or an unsignaliscd (one without

traffic lights) intersection.
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The spatial information system developed m Lhis research containg a module that can be
used to enter all the required pararnelers, and il calculates the delay in seconds for each
dircctional approach at the imersection. This delay cun then be assigned to
cormesponding interseciion junctions. The discussion of the formulae used for
caleulating the delay and can be referred to in Appendix C. The procedure for

performing Network Analysis ts provided in the software mapual in Appendix D.

An important poiti to note is the fack that a differcnt route can be obtained for different
times of the day based on the volume of traffic in the road gt that time of day. For
example, n Figure 5.4 and Figure 3.5, different shortest paths were ereated from the
same starl and end point by using different weights. Figure 5.4 shows the shortest route
obtained by assigning the weight to be the volume of traffic along each scelion of the

route during the AM peak.

Layout showing shortest route after considering the volume of traffic

e
Shortest path showan 0 red

The start and end
points of the route
are drawn 1N green

Figure 5.4: Shortest route between two poinés

Figure 5.5 shows a dilferent route for the same start and end points, aller changing the
welght from AM Peak volume to the time taken Lo traverse along a section of the road

based on the maximum allowable speed for that road scetion.
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Layout showsng shortestroute after consicering time delay

Shortest path shown in red

The stait and end

points of the route
. | are drawin in Qreen

Figure 5.5: Shortest time ronte between two points

5.5. Ride check survey analysis

Ride cheek survey analysis presents the results of the ride check survey carricd out in
Cape Town in the year 2000, The information can be obtained per section of a route, for
different stops or aggregated for the wheole route, depending on the kind of analvsis
being performed, The information can be presented as text n reports or as graphs on
maps. Figure 3.0 illustrates the amount of passengers who were travelling along each

scehion of the route duning the ride check survey.
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Figore 5.6: The amount of passengers travelling alonyg sections of a route.

By clicking on a stop, information can be obtained on the amount of passcngers

boarding and getting ol at each stop. the sumber who paid by cash. the number who

paid by card and the arnval and departure Limes at cach stop (sce Figure 5.7
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Figore 5.7: Atcribuces of a selected stop
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5.6. Other uttribute gueries

Chicking on a roule and displayving the atlnbutes of thal partcular roule can retrieve
information on the buses that travel on that roule, the timetable, the description of the
service Jobs of the bus and information on the driver. Images of the bus and the bus

driver can also be retrieved from the atlributes (see Figure 5.8).

=N ORECTID !
[=}- Bars BusID Bl
=t ‘ et Golden Arrow
= S“TEM BusHesght 32
i Bust ength 5
5 Employes Buswidth z.5
-1 Bus'weight 0
=2 Caparity 75
B Servxelob DayoflastService  2f2f0G
@z
. SchedudeTmetable
I1 feataes

Figure 5.8: The atiribute table of a selected route.

5.7. Summary

‘This chapter provided some of the funetions thal the developed prototype system can
perform. More examples are in Appendices D. The developed svsiem was tested on a
sample of potential users and the testing procedure and results arc presented together in

the conclusions in Chapter Six together wath the recommendatons.
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Chapter Six

Conclusions and recommendations

&, Introduction

In Chapter One, specific objectives were stated for this research. In this chapter. (he
research is consolidated with an evaluation of which of the objectives have been
fulfilled and 1o outline difficulties that have been encountered during the process, From

this discussion, conclusions are drawn and recommendations made for future research.
&.1. Conclusions

The first specific objective: “To develop a data model for public (ransporl
information management”

To fulfil this objective, the following rescarch questions were answered:

Question One: What Kind of public transport information has o be managed and how is

it acquired?

Public transport information is mostly spatial in pature. The information, as discussad in
Chapter One. is mainly obtained from the public transport surveys that arc carried oul
regularly'® to assess and improve public transport services. Specifically mentioned, was
the ride check survey catricd out in Cape Town. South Africa in 2000, Duripg this
survey, a surveyor boarded a bus for the duration of a trip carrying a (GPS recgiver and a
palm pilot. The GPS receiver eollected location data and the palm pilot electronically

recorded all the data collected.

Since the accuracy of information that is obtained from the svstem depends on the
guality of the data that has been used, the data requircinents for the system should

inform the data collection and survey process.

" Rt spmetimes it is oot as often as sheoid be, due 1o Gnaoiad constraints,
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Question Twe: What are the difforent approaches used in creating data maodels for

public transpart information management, which data model will be used and why?

In Chapter Three, it has been discussed that generally, in creating a data maodels for
spatial information systems, one conld cither use the network model, the hierarchical
muodel, the relational model. the object-oricnted model or the objeet-relational model. In
terms of spatial information systems for public transpert information management, the
conclusion reached in Chapler Two, the lilerature review, was that the relational model
has been used in maost systems. Same of the advantages of the relational model are
discussed in Chapter Three, These include the simplicity of the model and the faci that it

15 hased an a well-developed mathematical theory of logic and relations,

Despile iis popularity in applications that use data that ¢an be represented using integers
and strings, the relational model as discussed in Chapter Three, s nsufficiend in
representing the complex data in spatial information systems. Due to the shortcomings
of the relational model also discussed in Chapter Three, researchers are moving for the
object-oriented and object-relational medels. After discussing the advantages and
disadvantages of the ohject-oriented meodel, the object-relational model as the most
suitable model o use in this rescarch. The design of this type of data mode| is explained

in Chapter Four, with the presentation of the conceptual and the logical data models,

The second specific obhjective: “To develop a prototype spatial informalion system
for Blanuwberg Muonicipality, {Cape Town™

1o fulfil this objective, the following research questions were answered:

Cruestion Three: Which geographic information software is (o be used and how are the

physical databases created and features represented in this softwarc?

Chapter Five provides a discussion on the development of the prototype for Blaauwherg
Municipality using the ESR1 Arclnfo Version 8.2® soltware. Arclnfo was selected
because it was the only software available that supports the object-relational model.

Using UMIL., a schema of the data model is created by modifving the ArcGlSs
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Transportation Data Model. The created schema was then exported to a Microsoft
Repository. The created Microsoft Repository was imported into ArcCatalog and a
geodalabase was created. Projection parameters were set for the geodatabase as well as

the relationships between the objects.

In Arcinfo. the mads are represented as network features, the routes are modelled as
[inear features through dynamic segtnentation with trip paths being events of the routes,
and the stops are represented as point features. The other non-spatial elements of the
data model are represented as tables and relationships are modelled as relationship

classes.

Question Four: Does the software allow for any customisation if necessary?

Removing unnecessary funclions and adding in new functions by wriling programmiing

code using Visual Basic for Applications can easily customise ArcMap. Examples of the

customisation performed in ArcMap for the prototype are:

U The removal of some unnecessary functions;

O The adding of the password dialog box that is presented to the user at any atlempl to
edit the prototype database and spatial features; and

o The addition of the intersection delay caleulation forms to the prototype {(see

Appendix C for representation of the forms).

Besides creating the prototype in ArcMap and customising it, a decision was made to
create a stand-alone application with an easy to use graphic user imerface, using ESRI
MapOhijects 2.0 and Microsoft Visual Basic Version 6.0. This application is mostly for
information retrieval and simple queries. Editing of the database and more invelved

shortest path analysis can only be performed in ArcMap.

The stand-alone application was distributed to transport professionals for assessmenl
Five people were selected to test the software. Although a small sample size was used,
the qualifications of people involved ensured thal a reasonable feedback could be

obtained. A deliberate attempt was made to selecl people who have never used similar
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software before, because such peeple would not be aware of the advanced functions of
typical spatial information system software and would mform its user-friendliness.

Amony those selected were:

d  Two transport planming and engineering lectures,
o One transport planning researcher; and

2 Two transport cagineering postgraduate students,

The software was sei up on each person’s compwter. Each person had to go through the
soflware and [} in a questionnaire (see Appendix L for a sample guestionnaire), Based

on the guestionnatre, the results presented i Figure 6.1 were obtained.

User-friendliness of the system

$ :
2. E
Number of ” _I
peapie |
1 i
, & Pl

Yery user friendly Quite user friendly . Difficuit 1:-:: ﬁse

Figure 6.1: User-fricndliness of the software.

From Figure 6.1, ol the fve people who used ihe software, 40% said it was very user
friendly and 60% responded that it was quite uscr friendly. What made the soliware
hard to follow s the use of certain terms, which only a regular GIS software user would
be familiar with. Such terms as ‘spatial queries’ and ‘shortest path analysis’ were, In
most cases unexplained and therefore unclear o them what they represented. These
terms were later changed to *Map based queries” and ‘Find shoriest path’ in the final

executable.
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Easiness of use of the manun!
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Very easy fn  Quife easy to Difficult to
follow foliow follow

Figure £.2: Easiness of use of the software manual,

The soltware manual assumes prior knowledge of the kind of functions a GIS can
perform and words such as "map panning’, ‘table of contents’ made some ol the
mstruetions unelear, Some attributes like *Featurel)” were not explained apd therelore

the users could not determine their meanings.
Difficulties enconntered in using the software

The major difliculty. which was imcurred by two people, arose from the faet that when
the sollware was set up on each of the computers. 11 was set up g direclory that was
different from the one in which the database was ercated in. This meant the reports and
graphs failed to connect and retrieve data from the database and therelore the users got
error messages on attempting to open graphs or reports. This problem had been
anlicipated prior to disinbution and a set ol instructions had been issued for
troubleshooting. It secms these instructions did not work or where oot clear. However,

this has been rectified in the final executable file,

Orher difficulties were the fact that (or some analysis, the solbware did not give one an
option to return to the previous window. This was rectified in the final executable.
Suggesfiony

The loHowing suggestions were made for the system:

g I should include passenger analysis for dilTerent nmes ol the week,
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o Distribute the software to more users for them to find any bugs in the software.
o A clearer user manual should be designed for use with the software.
o Include an on-line help function that can be accessed by the click of a button instead

of a printed one.
Comments

Some of the comments received were:

o A good data management tool; and

@ An interesting concept.

It would have been ideal to observe each of the testers as they assessed the software and
make note of any difficulties faced and the specific problem functions. When a tester is
alone and they encounter problems, they would rather try to work around it or just omit
that particular section. If they fail to find a solution, they will not state it in the
questionnaire just in case it reflected on their ignorance. But due to time constraints, this

was not possible.

The overall objective- “To design a prototype spatial information system for public
transport information management,” was achieved. Based on the test results
presented above, it is quite a user-friendly system. The main advantage of the system is
that most of the queries are predefined and ready for output and the user does not see the
underlying database. The stand-alone application can run on any Windows Operating
System, it was tested on Windows 2000 Professional and Windows 98 with the same
results. No special software is required to run it. ArcMap is only required for performing

advanced shortest path analysis.

As the data model used for the system is based on the object-relational model, it can be
used in software products that use relational databases. For example, anyone using
Microsoft Access® or ESRI ArcView® can use the same data model. The data model is
general to public transport and so the other modes of public transport can also be added
into the system. Any other survey data available, for example the data from passenger

counting at termini or the data from the bus transit surveys is also supported by the
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system. It can also be used in other provinces outside the Western Cape, without any

alterations.

If the system were implemented in Cape Town, it would offer the following benefits, in
line with the relevant policies included in the White Paper on National Transport Policy
(1996):

a The ability to offer an integration of information on the different public transport
modes in one system, which can improve the co-ordination and efficiency of public
transport;

a The accessibility analysis component would help in assessing the efficiency of
existing stops and the public transport routes; and

o The shortest path analysis can be used in the creation of new routes with less

congestion and delays so as to minimise travel times for the public transport user.
6.2. Recommendations for future research

In creating the data model using the object-relational model, created objects inherited
properties from the custom Arclnfo classes. Further research should commence on the
addition of triggers'® to the data model. An example is a trigger that automatically
causes edits to related objects when one of the related objects is edited, by using the
messaging between objects. For example, if a route is deleted, then the related trip paths
are automatically deleted because a trip path cannot exist without the routes in the

database.

Even though user forms were designed for calculating the shortest path using
intersection delay, these modules were not tested with real data. Also, the actual shortest
path calculations using these delays were not calculated. Further research could be on
calculating the shortest path using these delays and comparing them with the existing
scenario. This requires more detailed data on the volumes of traffic going in the various
directions at an intersection. One way of obtaining this data is through intersection

traffic counts.

' A trigger is an action causing the automatic invocation of a procedure,
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The selection of the formulae used for calculating intersection delay was based on
availability and alternative formulae were not explored. Further research could be on
analysing each of the formulae, establish the pros and cons of each and then possibly

finding more suitable formulae and testing them with ESRI ArcInfo®.

The feedback gathered from talking to a number of transport professionals and service
planners is that a word they often have in mind is ‘transport modelling’. Besides
managing public transport information and displaying it, they are more concerned with
transport modelling, the results of which assist in their planning. An example of a model
popularly used is the Four-Step Model. This model is applied to forecast future travel
patterns and design appropriately. For the information management tool designed in this
research to be accepted in the transport community, a program could be written for such
a model, attached to the system and any results can be managed and displayed on the

system’s maps.

The designs of most systems implemented in industry involve a large team comprising
system analysts, computer programmers and software quality testers. The design process
is also a cyclic procedure, involving feedback from potential users at each stage and
making the necessary amendments. With this in mind, the researcher cannot attest to the
fact that the system they have developed is perfect. The only anticipation is that the
development of this system opens doors to further research questions and any further

developments can be based on its improvement.
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Appendix A

Database data dictionary



1.0 Enterprise Rules

Road/MunicipalArea
@ A road must be located in one municipal area.

@ A municipal area may have one or more roads.

Road/Route
@ A road may have one or more routes using it.

@ A route may be located along one or more roads.

Road/Step
@ A road may have one or more stops.

Q A stop must be located in one road.

Route/Timetable
@ A route may have one or more timetables.

o A timetable must be for one route.

PublicTransportVehicle/Employee
@ A driver may drive one or more buses.

@ A bus may be driven by one or more drivers.

PublicTransportVehicle/ServiceJob
@ A public transport vehicle may have one or more service jobs.

o A service job must be for one public transport vehicle.

Route/Trip Path
@ A route may have one or more trip paths.

@ A trip path must be in one route.
TripPath/Step

Q@ A trip path must begin and end at a stop.
O A stop may be the beginning or end of one or more trip paths.
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Trip/Stop
a A stop may have one or more trips assigned to it.

O A trip may be assigned to one or more stops.

1.1. Skeleton Tables
© Road (RoadID........... ,MunicipalArealD)
MunicipalArea (MunicipalArealD......... )

o Road(RoadID............. )
Stop(StopID................ ,RoadlD)
0 Road(RoadID, .......... )
Route (RoutelD......... )
Road/Route (RoadID, RoutelD,............... )
o Route(RoutelD.............. )
Timetable (TimetablelD....... RoutelD)
0 Route(RoutelD............... )

PublicTransportVehicle( VehiclelD....... )
Route/PublicTransportVehicle (RoutelD. VehiclelD.....)

o Employee(EmployeelD........... )
Public Transport Vehicle(VehiclelD...... )

Employee/Vehicle (EmployeelD. VehicleID........ )

o PublicTransport Vehicle(VehiclelD,....... )
Servicelob (ServiceJoblD,....... , VehiclelD)
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o Route (RoutelD,

TripPath (TripPathiD, ....... ,RoutelD, FromStopID, ToStopID)

1.2, Description of the entities

Before going into detail for each entity, it is important to know that each of the

entities will have an attribute type called “ObjectID”. This is a system construct and is

created for each object you create in the database. The ObjectID is unique for all
objects in the database. For all the entities, besides the ObjectID, there is also another

unique ID specified, for example RoadID, StopID and so on. This is a user specified

ID. The reason for having this ID is that in some transport departments, employees

would have been using their own unique IDs that there are familiar with and makes it

easier for them to identify features.

1.2.1. Road

Attribute Type Data Type Description

Road Name Text It contains the name of each road

RoadID Text This is a user assigned unique ID, to each
road,

Shape length Double The length of each road section in metres. It
is automatically calculated in the system.

AMVolumeTo Long Integer | Contains the amount of volume of traffic
along that road section during the AM Peak
in the direction towards Cape Town. This is
used as a weight in Network Analysis.

AMVolumeFro Long Integer | Contains the amount of volume of traffic
along that road section during the AM Peak
in a direction away from Cape Town. This is
used as a weight in Network Analysis.

PMVolumeTo Long Integer | Contains the amount of volume of traffic
along that road section during the PM Peak in
the direction towards Cape Town. This is
used as a weight in Network Analysis.

PMVolumeFro Long Integer | Contains the amount of volume of traffic

along that road section during the PM Peak in
the direction away from Cape Town. This is
used as a weight in Network Analysis.
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OFFVolumeTo

Long Integer

Contains the amount of volume of traffic
along that road section during the OFF Peak
in the direction towards Cape Town. This is
used as a weight in Network Analysis.

OFFVolumeFro

Long Integer

Contains the amount of volume of traffic
along that road section during the OFF Peak
in the direction away from Cape Town. This
is used as a weight in Network Analysis.

Road Class

Text

The type of road, whether it is a freeway or a
major road.

Speed

Long Integer

The maximum speed limit for that road
section

Enabled

Short Integer

It is an attribute type for each network
feature. It contains either a true or false value.
If it is set to false on any road, then it means
that no Network traces can take place along
that road section (that section is excluded
from Network Analysis) otherwise the value
is set to true.

Delay

Long Integer

Contains the time a vehicle will take to travel
along that road section when travelling at
80km/hour. This is used as a weight in
Network Analysis.

Municipal ArealD

Text

Posted ID from the Municipal Area.

1.2.2. Stop

Attribute Types

Data Type

Description

StopID

Text

A unique user assigned ID.

StopName

Text

The name of the stop. As can be seen from
the table, the City of Cape Town uses
numbers as names for stops

PassengersBoarding

Long Integer

The number of passengers who got into the
bus at that particular stop during the ride
check survey.

ArrivalTime

Date

The time the bus arrived at that stop during
the ridecheck survey.
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DepartureTime Date The time the bus left that stop during the
ridecheck survey.

PaidByCash Long Integer | The number of people who paid by cash
when they got into the bus.

PaidByCard Long Integer | The number of people who paid by card
when they got into the bus.

PassengersAlighting | Long Integer | The number of passengers who got off the
bus at that particular stop during the ride
check survey.

Stop Class Long Integer | The type of the stop, whether it is a bus stop,
a bus termini or a trip stop (that is an
undesignated place where the bus stopped
during the ride check survey).

PassengersBoarding | Long Integer | An aggregated amount of the number of

AMPeak passengers who board the bus at that certain
stop during the AM Peak period.

PassengersAlighting | Long Integer | An aggregated amount of the number of

AMPeak passengers who get off the bus at that certain

¢ stop during the AM Peak period.

PassengersBoarding | Long Integer | An aggregated amount of the number of

OFFPeak passengers who board the bus at that certain
stop during the OFF Peak period.

PassengersAlighting | Long Integer | An aggregated amount of the number of

OFFPeak passengers who get off the bus at that certain

¢ stop during the OFF Peak period.

PassengersAlighting | Long Integer | An aggregated amount of the number of

PMPeak passengers who get off the bus at that certain
stop during the PM Peak period.

PassengersBoarding | Long Integer | An aggregated amount of the number of

PMPeak passengers who board the bus at that certain

¢ stop during the PM Peak period.

StopDescription Text A more textual description of the stop,
containing information on the road along
which it is located.

RoadID Text Posted ID from the road entity.
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1.2.3. Route

Attribute type Data Type Description

BusRoutelD Text A unique ID assigned to each route by the
system when a route is created

BusRouteNumber Text A user assigned number for each bus route

Shape Length Double The length of each route in metres. It is
automatically calculated in the system.

RouteName Text A user assigned name for the route

PassengersAMPeak | Long Integer | The amount of passengers travelling along
the route during the AM Peak.

PassengersOFFPeak | Long Integer | The amount of passengers travelling along
the route during the OFF Peak.

PassengersPMPeak | Long Integer | The amount of passengers travelling along
the route during the PM Peak.

Route Description Text A more textual description of the route that is
easier for anybody to understand.

1.2.4. Municipal Area

Attribute type Data Type Description

Municipal ArealD Text A user assigned unique ID for each municipal
area

MunicipalAreaName | Text The name of the Municipal Area.

1.2.5. Trip

Attribute type Data Type Description

TripID Text A user assigned ID that uniquely identifies
each trip.

Description Text The description of each trip

1.2.6. Trip Path
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Attribute type Data Type Description

Recorddate Date The data of the ride check survey.

FromMeasure Double The measure on the route signalling the point
along the route from which the path starts.

ToMeasure Double The measure on the route signalling the point
where the path stops.

TripPathID Text A user assigned unique ID for each trip path.

BusRoutelD Text A posted ID from the Route entity to
signalling the route the path follows.

Number of Long Integer | The number of passengers who travelled

Passengers along that section of the road during the ride
check survey.

FromStop Text The Stop ID of the stop from which the
particular path begins.

ToStop Text The Stop ID of the stop at which the
particular path stops.

1.2.7. Timetable

Aftribute type Data Type Description

TimetableID Text A unique ID for each timetable.

BusRoutelD Text A posted ID from Route entity providing
information on the specific route for each
timetable.

DepartureTime Date Scheduled departure time for the vehicle.

ArrivalTime Date Scheduled arrival time for the vehicle.

1.2.8. Service Job

Attribute type Data Type Description

BusID Text A posted ID from the bus entity. It provides

information on which of the buses the service
job refers to.
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ServiceJobID Text A unique ID for each service job done on a
bus.

Job description Text A description of the service work done.

Date of service Date The date on which the bus was serviced.

1.2.9. Bus

Attribute type Data Type Description

BusID Text A unique ID to describe each bus.

Owner Text The owner of the bus

MaxSpeed Long Integer | The maximum speed the bus travels on.

Bus height, bus Double The height, width, length and weight of each

width, bus length bus.

and bus weight

Capacity Text The maximum number of passengers allowed
on the bus.

DayoflastService Text Showing the day the bus was last serviced.

1.2.10. Employee

Attribute type Data Type Description

EmployeelD Text A user assigned unique identifier for each
employee.

EmployeeName Text The name of the employee.

Address Text Where each employee lives.

Al-9




Appendix B

UML Diagrams
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«RangeDomain»
SpesdClass

EFIeldT ype : esriFleldType = esriFiekiTypelnteger
MergePolicy : esdMergePolicyType = esriiMPT DefaultValue,

+SpitPolicy : esrSpitPolicyType = esriSPTDefaultValue

+HidinimumValue : esriFieldTypelnteger =0

+idadmumysiue : esriFieidTypeinteger = 120

«CodedVaiueDomains
RoadFuncClasses

+FieldType : esriFleldType = esriFieldTypeString
+MergePolicy | esriMergePolicyType = esiiMPTDefaullValue,
+SplitPolicy : esriSplitPolicyType = esrSPTDefaulValue
+Froeway | esniField Twpelinteger = Freeway
+MainRoad : esriFleldTypeinteger = MainRoad
+SecondaryRoad : esiiField Typelnteger = SecondaryRoad
-Other : esriFieldTypelnteger = Other

The domains

«CodedValueDomains
BooleanString

+FieldType : esriFieldType = esriFieldTypeString
+idergePolicy : esriMergePdlicyType = esriMPTDefsudfValue,
+SplPolicy . esriSpiitPolicyType = esriSPTDefauiValue
+True . esriFleddTypelnteger = True

+False . esriFleldTypelnteger = False

«CodedValueDomain»
Booleanint

+FleldType : esriFieldType = esriFisldTypelnteger
+MergePolicy : esriMergePolicyType = esriMPTDefauliValue
+SplitPolicy . esriSplitPolicyType = esniSPTDefauliValue
+True : esriFieldTypeinteger = 1

+False : esriFieldTypeintager = 0

Figure 4: A schema showing all the domains created in the geodatabase



The route and stop features

ESRIClasses:: Festure

+Shape : esriFieldTypeGeomelry

Zs

Route

' BusRoutelD : esriFieldTypeString
-BusRouteNumber : esriFieldTypeinteger
-Routeiame : esriFieldTypeSing
-RouteDescripiion : esriFieldTypeSiring
-PassengersAMPesk: esriFieldTypeinieger
-PassengersOF FPesk: esriFieldTypelnteger
-PassengersPMPeak: esriFieldTypeinteger

Stop

-StoplD : esriFieldTypeString

-StopName : esriFieldTyeString
-PassengersBoarding : esriFieldTypelnieger
-PassengersAlighting | esriFieldTypelnteger
-StopClass | esriFieldTyweShing = 3
-Arriai Time | esriFieldTyeDate
-StopDescription : esriFieldTypaSiring
-DepartureTime © esriFieldTypeDate
-PaidByCash . esriFieldTypelnteger
-PaidByCard : esriFieldTypeinteger

-PassengersBoarding AMPesk : ssriFigldTypelnteger
-Passeng ersAlighting AMPesk: esriFieldTypelnfeger
-PassengersBoarding OF FPeal; esriFieldTypelndeger
-PassengersAlighting OF FPeak: esriFieldTwelnteger
-PassengersBoarding PMPeak: ssriFieldTypelnteger
-PassengersAlightingPMPeak : esriFieldTypelnteger

TripStop

[Subtyperield = 3

Sufope

BusStop

SubtypeField = 1

BusTermini

Figure 3: The public transport route and stop festures schema
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The non-spatial objects

ESRIClasses:: Object

+OBJECTID : esriFieldTypsOID

TripPath

L TripPaihiD © esriFieldTypeString
-Fromieasure : esriFieldTypsDouble
-ToMeasure : esriFisidTypeDouble
-BusRoulelD : esriFialdTypeSiring

+FromStop - esriFieldTypeSking
+ToSiop : eariFieldTypeString
RecordDale . esriFieldTypeDate

-NumberOfPaseng ers : esriFieldTyelnteger

Servicadob

Employse

LBusiD : esriFieldTypaSring

-SerdcalobiD : esrdFisldTypeBlring

+DateOfSenice : esriFieldTyeDate
-JobDemcription : eariFisldTypeString

+Ermplcysahl

-ErmployesiD : esriFieldTypeString
ame : eariFisldTypeSting
+Address - esriFieldTypeString

Tinetable

Municipaliren

-MuricipalAresll | esriFieldTypeSiring
-MunicipsiAresiame : esriFisldTypeSiring
-RoadD : esriFiedTypeSiring

-TimetablelD . esriFieldTypaSiring
-RoutelD ; esriFlaldTypeSting
-DepartureTime ; esriFlaldTypeDate
-Arrivel Time | esriFieldTypeDale

Trip

-BusiD : esriFieldTypsblring

-Oiner : esriFieldTyweSiring

- spirmumSpesd : esriFieldTypelnteg er
-C apacity | esriFieldTypebouble

TripiD : esriF iskdT ypeString
- TripDescription : esriFieldTypaSiring

-BusHeight : esriFieldTypainteger
-BusWidth . esriFieldTypeinteger

-BusLength : esriFieldTypelineger
-BusWWeight : esriFieldTypeinteger

Figare 2: Non-spatial objects schema in UML Visio
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The Public Transport Reference Network

ESRI Classes: ComplexEdgeFeazuré

Lo

7

Road

~RoadlD ; esriFieldTypeSiring
~RoadClass . esriFieldTypelnteger
~Speed : SpeedClass

-RoadName : esriFieldTypeString
-AMVdumeTo | esriFieldypeinieger
FAMVolumeFro : esriFieldTypelnieger
FOFFVolumeTo - esriFieldTypeinteger
-OFFVolumeFro : esriFieldTypelnieger
-PMVoumeTo : esriFieldTwelnleger
-PMVolumelro : esriFieldTypelnfeger
-Delay: esriFieldTypelnteger

ESRI Classes:: SimpleJunctionFeature

AN

intersection

-irtersectioniD : esriFieldTypeSiring
-irder sectionType : esriFieldTypeSring = 3
-Delay: esriFieldTypelnteger

«GeometricNetworks
ReferenceGN

-NetworkType : esriNetworkType = esriNTUtiliyNetwork

Figure 1: The public transport network schema in UML (Visio)
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Calculating intersection delay



Calculating delay at an unsignalised intersection

An unsignalised intersection is one where there are no traffic lights available. The formula

used for calculating the delay at an unsignalised intersection is explained below (Papacostas

et al 1993).

Opposing
approach

I [ e

Conflicting
approach ; '

i

Conflicting
—— approach

3

* NI

Subject
Approach

Figure 1:Delay at a four-way stop controlled intersection

The subject approach is the approach of interest. If, for example, the public transport
vehicle is travelling from the south to the north and therefore has to pass through the

intersection shown in Figure 1 above. The subject approach is therefore the southbound

approach. The delay equation can be derived as follows:
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The capacity of the subject approach (C) can be calculated as follows.

C =1000V°% + 700V °% + 200L° —100L° —300LT°% +
200RT°% —300LT“% + 300RT“ %
Equation 1;: The equation for calculating the capacity
Where
C = the capacity of the subject approach in vehicles per hour
V3% = the proportion of the intersection volume on the subject approach
V%% = the proportion of the intersection volume on the opposing approach
LS = the number of lanes on the subject approach
L° = the number of lanes on the opposing approach
LT% = proportion of volume on the opposing approach turning left
RT%% = the proportion of the volume on the opposing approach
LT“% = proportion of the volume on the conflicting approaches turning left
RT% = the proportion of the volume on the conflicting approaches turning right

The average delay on the subject approach is given by:

D = 38(V/C)

where:

D = the delay on subject approach in seconds per vehicle

v = volume on subject approach

C = capacity of subject approach calculated from in Equation 1 above

The same equation can be applied to T-intersections and two-way intersections.

On the brighter side of things, the user does not need to know any of the equations because
there are inside the program. The user just inputs the information required in the module

shown in Figure 2 below and the delay is automatically calculated.



Cabcidabe delay ab povresiapradsse o] ke e busns

For EaztBound Traffic
Right Tum

Left Turn I: Thraugh

Traffic Traffic Traffic Cliek for tots
For WestBound Traffic

Left Tum Through Right Turn b

Traffic Traffic Traffic Glick for tatsl
For NarthBound Traffic

Left Turmn Through Right Turn

Chck for total

Traffic Traffic Traffic

For SouthBound Traffic

Left Tum Theough Right Turn 7 _
Teaffic Traffic Traffic CHck for total
— Select Subject Approach
| € East Bound C \West Bound " North Bound . South Bound l
L Prem.

Vs Lto Lo Ls |

Vo Ltc Clck to calculate capacity | Czpatity
Rtc Rto Click to calculate detay | Delay

Click to close this window I Select intersection to update

Figure 2: Showing the form designed in ArcMap that eoables the ealcwlation of the delay at an
unsignatised intersection, which can then be used as a weight in Network Analysis

The form shown in Figure 2 above can be accessed by opening the FPrototypeMap.mixd in

ArcMap, poing w0 the Network Analysis Menu and clicking on To use the form, the

following procedure is followed:

u  Input the left wrm, right turn and through traffic volume values for each approach and
then click the “Click for Total” button for the program to calculate a total.

o Sclect a subject approach and all the other parameters following that are automatically
calculated and the output values are displayed in the text boxes assigned to each

parameler,



0 Click on the ™ Click to calculate capacity™ button and the capacily is shown in the text
box next to this button.

o Click the “Click to caleulate delay” button and the delay is shown in the text box next to
this button.

2  Lasthy, click on the “Select intersection to update™ bution to open the attribute table of
intersections and then appends the calculated delay (Please note that this can only be

possible when in the editing mode of ArcMap).

Ass can be deduced from the delay equation above and the torm shown in Figure 2 above,

calculating intersection delay requires more detailed traffic volume information.

Caleulating delay at a signalised intersection

The caleulations in this research are based on the 1985 Highway Capacity Manual. The
delay is the total time vehicles are stopped in an intersection approach during a specified
tme period divided by the number of vehicles departing from the approach in the same
time {Edwards 1992 and Thanesuen 2002),

The delay is calculated as follows:
d=pt*(d, +d,)
L-g/CJ}

d, =038+ C——= “a)
H-(g/e}X)]

d, =173* X [(X =1+ (X - 1) + (16 * X /)]

Where:
pf = progression facter
C' = total cvcle length (in seconds)

g =elfective green time on the approach (in seconds)

A = v/e¢ = the ratio for the approach

v = flow rate for approach {passenger vehicles per hour)
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¢ = capavity of approach (passenger vehicles per hour)

d = average stopped delay in seconds per vehicle

Estimates:

2 The progression lactor 18 usually estimated from 1.83 (for dense arrivals at the
beginning of & predefined signal red phase) to 0.40 (for dense arrivals at the beginning
ol the green phase of 2 fully actuatled signai).

u lor random arrival, the progression factor = .00

u  The total cycle length, C. varies from 60 to 90 seconds

3  The effective green Uime, g. varies [tom 4 Lo 6 seconds

The following form was developed in the sofbware to enable the caleulation of this detay:

Sicaracadsecd Iridersecbion Delay

Calculalions

Calculate X y o=

Calculate di di=

Calculate 'd2 dz = Enter PF

Calculate average stopped delay | d=

Clhick to eloss this window Select intersection o update

Figure 3: Showing the fortn in ArcMap for calcalating average stopped delay at a sighadised
intersectinn

The procedure is as follows:

O Ianputthe v. g, C and ¢ vahues,
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Click on ‘Calculate X" and the resulting value will be output on the lext box next to the
button.

Click on “Calculate d1' and the resulting value will be output on the text box next to the
button.

Click on *Calculate d2° and the resulting value will be output on the text box next to the
bution.

Enter the progression factor and click on *Calculate average stopped delay’ to calculate
the delay.

Select the intersection to update and enter the delay value in the delay field of the
attribute table.
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This manual has been divided into two sections. The first section is for the Visual Basic
application and the second seciion for ArcMap. Please note that no ediling takes place in
the Visual Basic application. All the editing and other advanced gueries like Network

Analysis can oaly be performed in ArcMap.

To load the Visual Basic application, run the set-up as instructed in the Set Up document

enclosed with the CD,

1. Opening the program
After setting up the application, the user opens the program the double-clicking the

3

l‘j I‘ﬂtUt}’pﬂ Protcbype.axe .

Section One
a2 From the dialog Welcome window thal appears, click on the button labelled “Click to

enter program’’ (zee Figure 1 below):

Likensed 1o the Uniwersity v Caps: Town

blac Transport Information Management System

Capyrigkd
Cirte d st Dowde
swperviser Dr U Rivext
University of Cape Town
200F

o Ir!_—l

Chick to enter Chick to close
program : progrdm

3 The main window will appear on screen, from which the user can choose the task
they want to perform,
a2 Frowm either the menu bar or by chicking on buttons on the toolbar, the user can

choose (o do:
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= Passenger analysis

*  Find the shortest path

= Ride check analysis

»  Map-based Queries
NB: By placing the mouse on each ofthe toolbar, the user gets imformation on what cach
of the toolbars represent. The analyses are discussed below bul most of the steps are very

self-explanatory and straightforward Lo follow.

2. Passenger snalbysis

U Affer selecting passenger analysis, a window will open up, asking you to select
whether you want to view information on ‘one specific route for different times of

day’, ‘different times of day for all routes” or “by stop for different times of day’.

Option 1:After selecting “one specific route for different times of day’

*  You zet a window, showing the route on map with the following tools. These
tools will be available for most analysis and their funclions are as follows,

starting from the lefl:

Z.oom Inl Q 1 you click on this button and drag a rectangle on the map on the

area of interest, the map will zoom in on the arca,
Panﬂ: For moving the map to focus on the area of interest.

l-:[entif}i.g;l: Clicking on this button and clicking on a feature on the map will

open a window showing informalion on the feature.

Zoom to Full Externtg: Zooming in to the full extent of the map.

*  You can add the road as a base laver or remove it if you do not need to print a
map {but first ensure that it is sclected in the table of contenis),
*  You ¢an choose not to display a layer but unchecking the box nextto it in the

Table of Conlents
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* You 2an prinl the map; view a report on the route or the buses for the route by

just clicking on each of the buttons labelled.

=18l =
FECE
Allantls te Cape Town | Btosrabergball o Dutloon | Vallamay b ek T
Toble of Contenty CELONE e
J i :
E aTL TR | iy [
{j A - 8 = |
] ! Trir bk
{ . rivel Ak .
i |
: :
et e bace i % I
| layer |
1-|-' | (3
& I
Fazirry 2 100 | @ i
lawar 1 |
i | Timetacle
7, .
* . @
/ G0 prewhou:
et wetnidi Bupee§ Tor 1ooube
{ Gl = : o T [Hran T

Mol | B2 | e f e B B B 085 6 ~GI0ERSE i

Figure 1: Form for the Atlantis to Cape Town route

Uption 2:After selecting *Difterent times of day for all routes’
= A form is displaved, with labs for the different times of day.

*  For each of the times of day you select, you can either view or print a report or
a graph of all the routes for that time of day.

=  Below is an example of the graph you can print
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Figure 2: Graph of the pumber of passengers for all roules during the AM Peak

2. Option 3:After selecting “Bv stop for different times of day’

= A form is displayed showing a laver of stops.

*  You can create graphs by selecting the fields you want to use for the graph in
the lat box provided.

*  You can select multiple flelds by holdiag the *shift’ or ‘etrl’ button on the
keyvboard while selecting the fields,

=  The items in the list box are explained below:

PassAAM- passengers getting off the bus at that stop during the AM Peak

PassBAM- passengers boarding the bus al that stop during the AM Peak (and so

on for the other two peaks which are the PM Peak or the OFF Peak).

= A map containing the created graphs can be printed.
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3. Find shortest path

« If you choose this analysis. a form opens up with a road layer and some
command buttons,

= |n this form, you can choose to use the mouse as gither a zoom ool or Lo click
the start and end points of the proposed route on the map.

= After setecting, *click point’, place nwo points on the map where vou want the
route to start and end.

= You van change the size of the points by sliding the bar.

= Click ‘Find Path and display it’.

= You can then select to label the map and print it or export it to an image file.

bodiln 1# anspierl ofarm 1] > -
8§ Fe Andpes ke (b Y =lem| =
5

7 1 E Use the mouse as a:
L s L [P
ot o Foom togl (draw a rectangle imside
By A g b oo}

= pioint on clotest end paint

r etick polne Fimd path an
display it
- alige ko change e sige of the point symbols
‘ * - = g
1 \ 3 I r III
& = _‘,/" "f_" x
: = 3] Labet map Famove [ahels

e | e |

3
1I

Frint Akap Jepoam ko Tull e=tem

[0 EREPH

]| B3 | ov | %7 | B By 5 S |9ES @ g ITHEOH o

TFigure 3: The shortest path analysis windrw
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4. Ride check analysis

Select the Ride check analysis from the Main Menu or by clicking on the button on the

toolbar. The user can choose to view the number of passengers *graphically per stop on g

map” or * graphizally per section of route on a map’,

Opiton 1: Graphically per stop on map

You can view and print a report of all stops by clicking on “View reports”

Using the Identify tool. vou can click on it and then click on any fzature on the
map o gt information on that feature,

You can create a graph for the number of passengers boarding and getting off at
each stop by selecting PassB and PassA in the list box and then selecting the kind
of graph you want 1o create {whether pie chart or a bar chart).

The map containing the graph can then be printed.

Option 2: Graphically per secltion of route on a map {(to display the number of passengers

who iraveled aleng each section during the ride check survey and print oui a map):

Click on the "Display by varying width’ butlon 1o display the number of people
who were travelling along cach section of the route during the survey.

Click on label map to label the map according to the number of passengers who
were travelling along that route during the survey.

Using the identify tool, you can click on it and then ¢lick on any feature on the

map to get information on that feature,

5. Map-based Querics

The purpose ol map-based queries is for selecting featurcs on a map according to certain

criterion one wants to set and then print or export the output and print it vur.

I you select map-based queries, a form will display showing the lavers on the
map. The layers on the map are the roads, the populattons, the siops and the
routes. The tools available on this window and their funciions are explained

below,

AL7F



* You can change the order of the layers by selecting a layer and dragging it 1o
another place in the box labelled *Table of Contents’.

" If you click on map pmpertiﬂsg. of if you go to the Menu, View- Map
properiies, you get a dialog box (see Figure 4 below). From this box, vou are able
to!

»  Add more layers to the map

= Select map units for the map

= Set the background colour and border for the map.

Map Properhies

-— ———————— s o
i

| i j
t | 7 Scrollbars.on
j Add Lavyer. .. | mag

| cappearance
L

' tap border style Define map urits For the layers

i I1 - Fixed single lI |Unknc-wn _'_|

| Click to select map background canvas color:

Clase window

Figure 4:Map propertes dialog box

= [fyou click on the find button Iﬁi or if you go to the Main Menu, click on edit
then Find, the dialog box shown in Figure 5 below opens up.
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w Find FEariirns

1. Enter a search name

2. Choote which lavers to search

M = E,to.p
M [ BusEoute
M & gadcl

3. Pick a feature 0 matches found

4. Select the operation to perform

Highlight Inzert Pin 1 Fan [0 | Lo0m iﬂ:-|

Figure 5: The find dialogue hox

From this dialogue box:

=  You first check the box next to the layer vou want to find features from

= You then enter an attribute value in the text box provided,

= After that vou click the find button,

= [T more than ong feature are found, pick a feature from the list

= Lastly, chose whether ¥ou want to highlight the feature. zoom tc it, or insert a

pin,

The find button is quite difficult to work with because vou nced 1o know, ir advance, the
values you are looking for, otherwise it is advisable to use the identify tool explained

below),

=  The next set of ools are zoom tools (see Figure 6 below).

& a oo

Figure 6: Zvom tools
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*  The ideatity button can be used when one wants to retricve information on

any Teature on the map. Click on the identify burton © and then click on any
feature of interest on the map. A dialog box opens up showing all the

atiributes of that feature.

Location

3 features found

Feature:

T T -
Atnbutes:

HoureDesct = Adantis to Cape Town
DRIECTID = 8

Routel ame =

EusAowteto=1

Feahreld =5

Pazsangers = 1000

Paszenge 1 = 1500

SHAPE [eng=64733 9351853
Passenge_2 = 500

BusRoutellr =1

Theme: BusRoute

Shape Type: Line

Figure 7: Dialog box showing the identify results

*  The soaital select butlon oKl is used when one wants to select features from
the map vsing a shape, for cxamplc a Line, a rectangle or a circle.

= Afier clicking on the spatial scicet buttom, a dialog box appears, where one
selects the selection they want 1o perform (sce Figure 8 below).

*  For example, in Figure R below, a rectangle will be drawn in the map at a
sclectad point so that all stops that will be fallimg within the rectangle arc

sclectzd.

A1



*  Unless you clear the first selection, all further selections performed will add

on to the one already made.

=¥ Spatial selection

Genecd fe ghitey by drawing shapes with the molsze cursor of
specifying laver: to select acanst,

1, Chooce alayer for sedecting fratures:

foe ]

- Zheok on the symbol to chanoe selection cobour

2, Chogse a shape type for selechion or alayer to select agawnsk:

||i. rectangie chape drasan with the curzor j

3 Choose a method for cpatisl selection;

To sebeck by shapes il dras with 1He cursor, Move your cursor
niside the map, To make a selechon between lxgers, chick the
Apphy Sedec Ton button,

Apply selection Clear zelection |

Cofvart Seectad set te a rew shapefils |

Figure 8: spatial select dialog box

I. Clicking on Lavers, Legend Editor, will open a diglog box from where you ¢an:
=  (Choose how you want to label a layer on the map (vou first nead to make sure that
the laver is selected in the Table of contents).
= Change the display colour ol a layer.
= You can display the attributes using classes,
2. Click on *Create Map Layout” to creale and print Map Layouts.
= A lavoul window will open up.
2 Yau can add each of the clements on the map by selecting it and drawing on the

map.
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*  After adding thc components, you can click on *Preview' 1o see what the map
looks like,
* | you arc not satisticd. vou can click on “Compose” and starl creating it again.

= After vou arc done creating the map, click on ‘Print Now®

3. Youcan check on the Map Tip checkbox at the bottom of the map to scleet the ficld
in a shapelile rom which the tips are coming from,
4. M you select, StopName, for example, i you place the mouse pointer on any stop on

the map, the StopMame will be displayed.

AreMap Section 2
This instructions for this section of the analwsis are not exhaustive becausc the
assumption is that if you have Arcinfo on your computer, you probably also have a copy
of the user manual. The Version of ArcInfo required is 8.1 or higher. Lead the CD and
double click on ‘Uprototype.Map’. The type of analysis that can be performed in this
systemn have been divided into the following calegorics:
o Ridership analysis
s Mciwork analvsis
»  Accessibilily analysis
= Other attribute gueries
These analyses will be discussed in the order provided above wilh a final discussion on

creating a map and printing the output and the editing option.

2.1. Ridership analysis
These analyses arc performed when it i8 required to [ind oul the approximate number of
people {or passcngers) in this case who lravel by bus along a certain route. In this

application, statistics arc only available for one particular bus route.
2.1.1 To display the number of passengers stong cach section of the rounte

*  Nole that this has been performed already by displaymg the numbers using lines of

diflerent widths, that is a thicker line representing more people. A map of this

A4-12



information can be created and printed out when required (see Scetion [or creating a

map).

If the Table of Contents is not visible, click on the open Table of contents button 2 |

to open it

Tick on the on the box next to trip path events in the Table of Contents to open the

layer.

Doubte-click on the faver in the table of contents to open the Layer Propertics box.

Click on the symbology tab. Under Show. select Quantities. graduated svmbols (as

shown in figure below);

Giemerd | Sowce | Sechon | Diplyy  Swmbokogy | skt | Drehraton Qusw | Lmlmaﬁﬂu]

Bl
T hrnl muanlibes unng symbol 2re fo zhow -:]-:ﬁnuhhi.‘: Impsit.
Catmgoues Pk T Ll sibe-adions -
Quaniities Yahse: _j | ManasBesk: I.Feri.s]
E R !cuh:g:! Biomasizohon: | < iLNE |£w I | |
Fropohonad spembols
Charte aymbol Soe liom I'I i |3
Hukple Ahituies - — Templd
i | Freue T I (=|'_
3
1 111

B S clas sanges witieg feshus Yaluas

[ ]

Cweel | Aoy |

Figure 9: Displaying number of people per route using lines with varying width sizes

You can display click on template to get a box (like the one in tigure below) trom

where you can select the colour and the style vou require. Chick OK.
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Figore 10; Setecting the colour and ling sryte for displaving passensers

s You will return to the laver properties box, where vou will click on apply and then
OK.
*  Instead ol using lines of dillerent widths, different colours can be used by clicking on

the graduated colours option instead of the praduated symbol.

2.1.2, To ereate a report with 4 sum of people along cach scetion of the route to get
an averall value for the whole roule

» (5o fo the Ma:in Menu. click on Analvsis and open the Ridership analysis form.

= Click on the “create route for the whole route™ button, Please be patient, it takes a

while tor the report properties dialog box 10 open,
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Feport Properties

Repoa Felds:

Fields | Growing trtery... | Sont [
BesRoutelD Mormat Aerendng

S

2 L

F Inchude Group Field:
I Place Group Field: Fest

Load . i Save Geneiate Rapedt Cloezoe i Shom Sattrage I

Figore 11: Report properties dialog box

®  Inthe Report Properties dialog box, set the Tollowing settings:
o Set layer table 1o tnip path layer
o From the “available Melds” box, select the NumberQPassengers and
BusRoulc {ficlds and send them to the “Reported Fields™ box.
o Go o grouping, and add BusRoute field,
o On Summary, in the available sections, select end of group BusRoute.
o In Numerical Fields, tick in the Sum box.
o In the Display tab, vou can set the display colours and other options.

* You can save the report.

2.1.3. To display the number of people boarding and alighting at each bus stop
=  Double click on the Stop layer in the Table of Contents to open the layer properties
window.

= (lick on the Symbology tab and sclect charts from the Show box.,
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®  Select the “NumberofPassengersAlighting” and “NumberofPassengersBoarding”
fields and select the type of chart you require and the colours.
®  Click OK.

2.2.Network Analysis

This is an important component of every public transport management system, It assists
in ascertaining the shortest path between any two points or bus stops or stations. The
shortest path can be based on various factors. In this program, one can calculate the

shortest path based on:

The volume of traffic along a section of the road
This volume has been divided into morning (am peak), afternoon (off peak) and evening

(pm peak). This means that ideally, one can select a different route for different peaks of
the day based on the volume of traffic in that route at that particular time.

The delay at intersections
The delays have been pre-calculated for the intersections concerned and for a thorough

discussion on how to calculate this delay, please see the editing section of this manual. A
module was developed in this application for calculating this delay. It is based on the

volume of traffic in the different sections of the road meeting at an intersection.

The time taken by a vehicle to traverse a section of the road

This is basically derived from the length of that road section and the maximum allowable

speed for vehicles travelling on that section of the road. The time taken is then calculated

as follows:
Time = Dis tan ce(m)
Speed(m/s)

To perform the analysis, the following procedure is followed:
&= Go to the Network analysis bar and click on Analysis, then Options.
= You get a dialog box like the one indicated in Figure 8 below.
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| Detay 3
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| {Delay =i

{ 0k, I Cancel Epld I

Figere 12:5etting network options

On general tab. set is for select on all features.

On the weights tab, select the weights you want to usc, in figure ¥ above, the weighis
being used are adge weights and this is the delay (which is the time taken 10 traverse a
section of the road discussed in Section 2.1 above).

On the Weight Filter sub, set so that {eatures with weights of 0 are not included, by
typing in (" in the Weight Range box and ticking the INot box.

Still on the Weight Filter tab, on the Edge Weight Filter, for the From_Te Weight and
To From Weizht, specify the same weight. This just means that it takes the same
amount of time to traverse in both direetions of the road.

Cn the results tab, you can select whether you want it 1o display the results as
drawings or whether it should select the feaures.

Click OK.

(io back to the network menu, ¢lick on the add edge flag tool L. and place the flags

on the map o where vou want the route to start or end at. Please note that the flags
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should be exactly on a line representing the road otherwise the analysis would not
provide any results.

= From the “Trace Task” dropdown menu, select the “Find Path” option.

»  Click the Solve button and the path will be drawn in a different colour.
= If you check on the status bar it should display the total cost of the route.
®  You can go to analysis, clear flags or clear results to remove the flags and the results

respectively.
You can then repeat the analysis, varying the weights being used in each case.
2 .3. Accessibility analysis
These are done when it is required to analyse how accessible the bus stops and stations
are to the people living in the area. For example, if you want to find the number of people
living within 100 metres of a certain stop.
®  Check the census layer in the Table of Contents to see the layer in the map view.

= On the menu bar, click on analysis and open the accessibility menu item (see Figure 9

below).
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Accessibility Analysis

Farw] 0t Frowe iy people bave access bo the stop —_——

FED | ot the stop layer to be the selectable laver by checking the bax {

o
8

Sedech a stop Clear selection l

StD 3| capact Analvsis Critacia i

Tep 4 Creabe a map layout

Step Exit

Figure Y:Accessibility aoalysis form

*  Set stop to be the selectable layer by cheeking in the box beside the stop laver.

= (lick on “select stop™ to select the required stop.

*  (lick on the sclection eriteria butten to specity the following parameters,

*  Say you want to select features from the population layer, which are within 100
metres of the sclected stop,

v Click OK,

From the selected features, vou can open the atteibute table button =2 o gol the

number of people in that area,

2.4 Other atiribule queries

GIS i3 a very powerful oot i analvsis so more analysis than are indicated above arc

possible. The following section just gives examples of other analysis possible,
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2.4.1. To find out which buses are serving a certain route and the drivers of the

buses

Click on the select tool. Select the route on which you want to make an enquiry.

Click on the attribute button on the Editor Toolbar.

Double-click on the bus to get the number of the bus and other bus attributes.

Click on employee to get the name of the driver.

By clicking on the hyperlink tool and clicking on a route, an image of the bus can be

viewed.

2.5. Editing

NB: You need a password for this section so if you find yourself without a password;

you are not required to edit this application.
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Appendix E

Sample Questionnaire
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Public transport information management system

Prototype testing questionnaire

Please feel free to fill in this questionnaire as truthfully as possible as any
suggestions you make will be used to improve the system.

When this application was developed, no consultation was done with any

transport professional. It is therefore important that you, as someone in the

transport sector, gives feedback on the system so that the system can be

improved and fully satisfy your needs.

1. Did you find the system:

Very user friendly

2. Is the software manual:

Very easy to follow

Quite user friendly

Quite easy to follow

Difficult to use

Difficult to follow

3. Please state any difficulties you found whilst trying to use the system
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4, Please state any suggestions for improvements to the system

5. Please state your occupation

6. Additional comments
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