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TOP Objects
Definitions and features

The purpose of this document is to present a brief background on the project of the Transportation
Object Platform (TOP), and to define certain key objects, their inherent features and the relations
between them.

1 Background

For the past 5 years the GIS-group of ScanRail Consult has been engaged in severd naiond and
internationa projects in the field of modeing volume, distribution and socio-economic and
environmenta impact of transport.

These projects have dl shown that the traditional way of handling data in transport models suffers
from anumber of fundamentd problems. These problems are, among others.

A nortintelligent data mode makesit difficult to edit and enforce integrity in the data
The lack of display tools for complex topologies makesit difficult to visudize data

Thelack of proper tools for scenario management makes it difficult to handle different
scenarios

Different data formats from different vendors lead to numerous one-time trandation and
aggregation tasks

These problems lead to avery complex and time demanding workflow.

With the introduction of Arclnfo 8 an degant way of solving al of the mentioned problemsis now
possible. The solution isto creste an intelligent, open and extensible object mode for transportation
as an extension to the Geodatabase. Thisis exactly what the Trangportation Object Platform is. The
scope of TOP however, is broader than the advanced transport models described above. TOP hasa
variety of useful tools for trangportation andysis and management of transportation and

infrastructure data. Examples are:

Tools to optimize and evauate timetable data
Environmental impact modes

TOPisafully interndly funded software development project at ScanRail Consult, and as such
independent. However, the platform isintended to be adapted to comply with the findings of the
UNETRANS consortium.

TOP is developed with the intention of optimizing interna procedures in ScanRail Consult and with
the intention of sde of the find software.

TOP is developed using CASE tools for designing the Geodatabase Objects, Visud C++ to
implement the custom Geodatabase COM objects. Visud Basic is used to develop various ArcMap
extensions and Stand- aone gpplications.

The core functiondities of TOP are implemented as database- cusomizations. Functiondities such
as specid purpose editors for trangportation data are implemented as extensons to ArcMap.
Advanced models for prediction and andysis of trangportation and environmental impact are
implemented as stand- done gpplications using ArcObjects to access the data in the Geodatabase.
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ScanRail Conault isan ESRI Internationa Business Partner.

2 A description of the basic objectsin the Transportation Object
Platform

This section presents a brief introduction to the main objects in the Transportation Object Platform.
Each object is described in the terms of its purposg, its relations to other objects and how it behaves
in an editing Stuation. A few examples of red world use are given aswdll.

2.1 The Physical Network
The Physical network represents static, physical infrastructure, such as streets and their intersections
and railroad tracks.

2.1.1 TransportJunction

A TransportJunction is the basic junction e ement in the physical network. It can represent street
intersections, railroad switches, airports, etc. A TransportJunction’s primary relations areto its
connected TransportEdges and Connectors and to its related Turns. These are updated when a
TransportJunction is edited. The updates depend on the type of edit being performed. Possible edits
are: Create, Delete, Move and Change Attribute.

2.1.2 TransportEdge

A TransportEdge is the basic edge-dement in the physica network. Examples of TransportEdges
are: Streets, railroad links and inland waterways. A TransportEdge primarily reaesto:
TransportJunction, RouteSegment, Stop, Turn. Just aswith TransportJunction, these are updated
whenever a TransportEdge is edited. Possble edits are: Create, Delete, Move, Reshape, Split,
Merge and Change Attribute.

2.1.3 Turn

Turns describe possible movements at TransportJunctions between specific TransportEdges. Turns
are used to modd turn restrictions in street networks and for detailed street intersection delay
modeling. One Turn relates to two TransportEdges and one TransportJunction. However, editing a
turn does not necessitate updates to any of these.

2.2 Interchanges

Interchangesis a category of objects, which are used to model passengers changing at setions or
bus terminds.

2.2.1 Stop

A Stop isaphysicd point location for embarking and disembarking route-based transportation, such
as busses and trains. Passengers are able to change between busses at bus stops and between trains
a ralroad gations. A Stop rdates to the physica network viaanumber of methods. Chief among
these are:

Related to a TransportEdge vialinear referencing
Directly related to a TransportJunction

Sops are dso related to RouteSegments This rdation is described in detall in section 2.3.1. When
an edit is being performed on a Stop, dl its related RouteSegmentswill need to be updated. Possible
edits are: Create, Delete, Move and Change Attribute.
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2.2.2 SopGroup

A SopGroup isalogica collection of Stops, usudly located within close proximity of each other,
such as bus stopsimmediately around a street intersection. Another example is a collection of
platforms within atrain gation. The StopGroup object has a number of purposes:

To represent adminigtrative groupings of Stops
To fadilitate easy visudization of Stops on an aggregated level
To endble easy and intuitive editing of Transfers and ChangeEdges

A StopGroup isaways represented by a point to which Transfers and ChangeEdges can connect.
The StopGroup may aso have a polygon associated with it for visuaization purposes.

A StopGroup relates to Sops, Terminals, Transfers and ChangeEdges. Edits (Create, Delete, Move,
Reshape, Split, Merge and Change Attribute) performed on a StopGroup may influence related
Sops, Transfers and ChangeEdges.

2.2.3 Terminal
A terminal isvery amilar to a SopGroup. The primary difference istha a Terminal can contain
SopGroups aswell as Stops.

The purpose of a Terminal isto enable aggregated editing of al the features in the contained Stops
and StopGroups.

2.2.4 Transfersand ChangeEdges

Transfers and ChangeEdges are used to specify between which stops passengers can change.
ChangeEdges are the basic network-eements, which are used by solvers, while Transfers are
objects, used for aggregated editing of ChangeEdges.

Thisediting is performed by cregting Transfers, which connect SopGroups or Terminals with
Sops, SopGroups or Terminals. This again, resultsin the cregtion of anumber of ChangeEdgesin
the underlying network, according to whatever editing policy isin effect. The ChangeEdges are
related to the Transfer, which resulted in their creation.

Two scenarios with different policies for ChangeEdge- cregtion areillustrated below.

Legend

- Stops {
StopGroupConnectpoints

= TransportJunctions
—— ChangeEdges
— = Transfers

TransportEdges
StopGroupBoundaries

Editing Transfers resultsin updates to related ChangeEdges and vice versa.
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2.3 Route Networ k
This Category of objects describes the route-based trangportation services and its timetables.

2.3.1 RouteSegment

RouteSegments describe the precise way in which a Route (such as a bus route) uses the Physica
Network between two stops on the route. As such RouteSegments can be considered to be the
building blocks for routes. A RouteSegment relates to the following other TOP-objects:

Sop: A RouteSegment starts and ends at a Stop.

TransportEdge: A RouteSegment isrelated vialinear referencing to one or a sequence of
TransportEdges.

Route A RouteSegment is used by 0 to many Routes.

A RouteSegment need not be related to the physical network. However, if thisis the case, the
RouteSegment will not be considered as vaid by TOP.

Edits performed on a RouteSegment will only affect related Routes.

2.3.2 Route
A Route describes the geographical path of e.g. abusroute (or run). It is defined as a sequence of
RouteSegments A Route relates to RouteSegment, RouteGroup, SiopPattern and Timetable:

RouteSegment: A Routeis defined as a sequence of RouteSegments
RouteGroup: A Route can be amember of a RouteGroup
StopPattern: A number of StopPatterns can follow a Route.
TimeTable: A number of TimeTables can use a Route.

Edits performed on a Route may cause updates to its related RouteSegments, StopPatter ns and
TimeTables.

2.3.3 RouteGroup

A RouteGroup isan adminigrative grouping of Routes. Its primary purpose isto enable the
associaion to each other of different geographica variations of one administrative route. Each
geographica variation will be modeled as a distinct Route.

A RouteGroup relatesto its associated Routes. Edits to a RouteGroup may cause updates to related
Routes.

2.3.4 StopPattern

A StopPattern defines acollection of Siops dong a Route. The purpose of StopPatternsisto be able
to modd variaions in stopping patterns of one distinct geographicd route. A StopPattern isrelated

to one Route and anumber of TimePatterns. StopPatterns do not relate directly to Stops. They
amply refer to an index in the sequence of Stops, which isvisited by a Route. Edits performed on a
StopPattern may cause updates to Routes and TimePatterns.

2.3.5 TimePattern

A TimePattern defines driving times between Stops in a SopPattern. A typica usefor
TimePatterns isto modd varying driving times during the day for bussesin a spedfic StopPattern
adong abusroute. A typica cause of these variaionsis rush hour congestion. A TimePattern relates
to one SopPattern and a number of Runs. Edits performed on a TimePattern may cause updates to
SopPatterns and Runs.
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2.3.6 Run
A Runisasgngleingance of a TimePattern. It is one departure defined by the absolute time of
departure from the first Siop inaTimePattern. A Run isrelated to one TimePattern.

2.3.7 TimeTable

TimeTables provide asmpler, disaggregated and more space-consuming method of modding
timetable information, than the method involving StopPatterns, TimePatterns and Runs. A
TimeTable contains explicit Sopping and driving-time information for one specific ingance of a

Route Assuchit corresponds to aRun. It ispossible to convert a Run — by usng its related
TimePattern and StopPattern —to a TimeTable. A TimeTable is related to a Route, and edits to the
TimeTable may cause updates to the Route.

2.4 Demand
The demand category of objectsis primarily used to represent trip- patterns on a zone-to-zone basis.
The category aso deals with the connection between the zones and the physical network.

24.1 Zone

A Zone represents an entity, which generates or attracts traffic. As such it isthe origin and the
dedtination of traffic. It is represented by afeature of any shape, though — as the name hints,
polygons arethe norm. A Zone isrelated to one Terminator, which provides an ending and sarting
point for traffic to and from a Zone in network anayses. Editing a Zone causes updates to its
Terminator.

2.4.2 Terminator

A Terminator isapoint feature, which serves as the ending and starting point for traffic to and from
aZone. Terminator relatesto Zone, Matrix and Connector. A Zone produces traffic for a
Terminator. A Matrix describestravel patterns between Terminators. A Connector linksa
Terminator to a TransportJunction or a Stop. Editing a Terminator causes updates to Connectors,
Matrices and Zones.

2.4.3 Connector

A Connector isaspecid network eement, which connects Terminators with TransportJunctions
and Stops. It often designated ‘fictive link’ in transportation modeling. A Connector relatesto one
Terminator in one end and one TransportJunction or one Sop in the other end.

2.4.4 Matrix
A Matrix describestravel patterns between Terminators. It relates only to Terminators. A full
Matrix contains a matrix e ement for each combination of from+ and to- Terminators.

3 Invalid objects

In order to facilitate aflexible editing environment, TOP takes amulti-level approach to the
enforcement of integrity congraints. This aspect of the Transportation Object Platform is best
explained by an example: A RouteSegment, which does not relate to any TransportEdges isnot a
valid object; it can however be stored in a TOP-database. This behavior will be useful in a number
of dtuaions. One exampleis. When making updates to a street network, which is used by a number
of bus-routes, it might be necessary to first delete some TransportEdges and then add some new
TransportEdges, which represent the same actua streets. After this has been done, dl the
RouteSegments which used the old TransportEdges can smply be “associated” to the new
TransportEdges. Thisis possble because the RouteSegments are not automatically deleted when
they become invalid, which happens, when they are no longer associated with any TransportEdges.
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However, the automatic deletion of invalid objects can be useful in other context. For this reason,
TOP provides a multi-level approach to enforcing congtraints.

Applications, which are clients of TOP, can query for invalid objects and ask TOP to show the
result of this query to users— either geographicaly or in atable or both.

Asthefallowing section will demongtrate, the ability of TOP to store invalid objects is not
synonymous with the lack of tools for automeatically updating related objects when editing — it is
smply anecessary feature for the user to be able to configure TOP to use the precise level of
automated updating of related objectsin an editing Stuation, which he or she desires.

4 Editing Policies
Edits performed on most objects mentioned in Section 2 will necessitate updates to their related

objects, in order for the entire dataset to stay in avalid state. TOP provides functionditiesto
automate this.

Users can configure the level of automation with which these updates are performed, according to
the list below.

1. Fully automated: All updates will be performed in the background without any notification of
the user.

2. Fully automated with user conformation: The user will be presented with asingle didog, asking
for confirmation of al edits to related objects or dternativey undoing the origind edit.

3. Semi-automated with user confirmation: The user will be asked to confirm updates to individua
related objects.

4. No automation: The user must perform al updates manudly.

The user has the option of configuring the level of automation to be used (1-4) individualy for each
possible combination of:

Source object — The class (TransportJunction, RouteSegment, StopPattern, etc.) of the object,
which is being edited.

Destination object — The class (TransportJunction, RouteSegment, StopPattern, etc.) of the
object, which is being updated.

Source Operation — The type of Edit operation (Create, Delete, Move, Change attribute, Split,
etc.) being performed on the object being edited.

Destination Operation — The type of Edit operation (Create, Delete, Move, Change attribute,
Split, etc.) being performed on the object being updated.

All these configurations can be gpplied at different levels. For the entire database; for a collection of
objects (adataset); or for an individua object.
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