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1. Introduction

MODELS WITH INCREASING
TOPOLOGIC COMPLEXITY OVER
TIME:

. Early road based models with simple
link-node topology

. Intersection delay models

. Public transport specific planning
models

. Mult-modal models

. Rall specific simulation models
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2. The EU-project BRIDGES

PURPOSES OF BRIDGES:

. To ‘bridge’ traffic models and GIS

. To develop a Generalized Transport
Format (GTF) for the exchange of traffic
modeling data

. This should reflect different topologic
models in the most commonly used
software packages

. To develop a specific format — ‘GIS-
GTF — for exchange of data with GIS

. To develop ‘workarounds’ for maintain-
Ing the most common topologic traffic
modeling objects Iin GIS
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2. The EU-project BRIDGES

ORGANISATION:

. Funded by EU for 1997-1999 (1 mill.
Euro)

. International consortium with European
Universities and Private Companies

. DTU and ScanRail Consult was respon-
sible for GIS-GTF and for ARC/INFO

Workarounds

. The conceptual discussions are contin-
ued in a more ‘exclusive’ consortia in the
EU-funded SPOTLIGHT-project
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2. The EU-project BRIDGES

Topologic relationships transit networks:
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2. The EU-project BRIDGES

LESSONS LEARNED:

. Extremely difficult to maintain multi-
modal traffic modeling data in GIS

. Very difficult to formulate simple topo-
logic models with a sufficient degree of
generalization

. Standard traffic modeling packages
contain redundant data in many cases

. Or they contain data that is under-
defined in a geographical sense

. Paradoxically, it was extremely difficult to
make some traffic modelers think geo-
graphically
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3. The Copenhagen-Ringsted Models

THE COPENHAGEN-RINGSTED
RAILWAY PROJECT (1-1% billion
USS):
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3. The Copenhagen-Ringsted Models

GEOGRAPHY:

The Copenhagen
ﬂl pennag

Q20 40 6km Germany’
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3. The Copenhagen-Ringsted Models

SUMMARY OF THE REQUESTS TO
THE MODEL-ABILITIES:

Operational/
Implementational models

Level

of detail Tactical models

The curve
of detall

Strategic models

Time horizon
of planning

Level of
complexity
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3. The Copenhagen-Ringsted Models

OVERVIEW OF THE MODELLING
COMPLEX:

Main models:

3. Rail simulation model

2. Sketch model (punctuality)

(demand)

4. Traffic model:
Demand and
assignment

ARCI/INFO GIS:
Traffic network

1. Plan of
operation /
Timetable

Zonal data
Exchange routines
Calculation modules

8. Output to
socioeconomic
evaluation

Handling of
scenarios

5. Rolling stock
allocation

6. Externalities,

7. Externalities,
Road

Rail
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3. The Copenhagen-Ringsted Models

DATA FLOW CONCERNING THE
PUBLIC TRANSPORT NETWORK:

Data generating module

Relationa Database

Reference data
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3. The Copenhagen-Ringsted Models

THE DATA FOUNDATION:

The zone structure includes 610
zones, resulting in matrices for:

. Freight traffic: Vans and trucks

. Passenger traffic: Bicycle, walk, pub-
lic transport, and car

. Trip purposes:. Commuters, business
trips, education trips, and ‘private’
trips (leisure, shopping etc.).

. Time of day: 1 am -7 am; 7 am-9 am,;
9am-3pm; 3 pm-5pm;5pm-1
am
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3. The Copenhagen-Ringsted Models

ROAD NETWORK:

. 2,369 Intersections with 19,111 turns
. 24.677 links, hereof;

. 747 zone-connectors, 12,006 bus-
roads, 3,000 in Copenhagen. and 9,000
In the rest of the modeling area

PUBLIC TRANSPORT NETWORK:

. All lines and departures for rail and
buses In the model area

. Walk-links and zone-connectors

. The resulting graph has about 0,5 mill.
nodes and 3 mill. links
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3. The Copenhagen-Ringsted Models

TIMETABLE INFORMATION:

2 Bus route with route number

H B Stopwith stop name

2a — Bus departure with run number
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3. The Copenhagen-Ringsted Models

THE DATA FOUNDATION FOR THE
REGULARITY MODEL:

. Main rail network in the whole area

. Calibrated from automatic registrations
of delays

. Secondary lines, urban rail and buses
described by statistical distributions
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3. The Copenhagen-Ringsted Models

MAIN TOPOLOGICAL DATA MODEL
FOR PUBLIC TRANSPORT

Zone
Name

RunSegment
RunRelation
FromNode
ToNode

Length

Run

Departure

Arriva

Enters

Ticket reservation

Link

Length

FromNode

L;ande RunRelation
are LinkSequence

Direction P

Direction

Type

Width

Allowed speed »{Run

Average speed RunSegments

Queue speed __|Route

#L_anes Capacity

Capacity/lane Mode

Area Rolling Stock

Budane Averagedelay

Truck prohibited Punctuality

Utility forward

Utility backward

Cost forward L | Route

Cost backward Runs

RouteType

Rolling Stock
Type
Description
UnitCapacity
UnitLength
#Units

» Node
Name

ZoneConnector
Zone

Node

Length

Time

TransferLink
FromNode
ToNode
Mode
LengthTime

» Mode

Description
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4. Background for the TOP-project

BACKGROUND FOR THE
TOP PROJECT:

Problems with conventional models:

. Separate Departments are responsible
for infrastructure-, timetable- and rolling
stock data

. Data Is often placed on different soft-
ware platforms

. Some data are even stored in closed
proprietary formats

Complex features - e.g. interchanges at
terminals - are not treated explicitly as
unique topological objects

THE RESULTING PROBLEMS:
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4. Background for the TOP-project

. Models do not fully utilize the available
data

. Inconsistencies between ‘sub-solutions’
In data platforms

. Sub-models do not prevent inconsistent
data

. Lack of proper visualization and editing
tools contribute to data inconsistency

. Lack of tools for scenario management

. Different formats from different vendors
lead to numerous one-time translation
and aggregation tasks
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5. The TOP-solution

TOP-VISIONS:

. An open and extensible object model
based on the Arcinfo 8 Geodatabase

. COM components of TOP are custom
behavior classes in the Geodatabase

. Forced intelligent relations between ob-
jectsin TOP

. This applies to all client-applications
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5. The TOP-solution

Special tools supplement ArcMap
for analysis, modeling and presen-
tation purposes:

. Visualization and editing complex multi-
modal network data

. Managing demand data; e.g. trip-
matrices and freight delivery tables

. Datamodel-foundation for complex
modeling applications

. Display results from applications; e.g.
transfer patterns in a terminal

. Methods for managing hierarchical sce-
nario-structures
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6. Introduction to topological objects in TOP

TOP Conceptual Overview

Scan

PHYSICAL ROUTE DEMAND
NETWORK NETWORK
TransportEdge RouteSegment Stop <« Zone
TransportJunction Route < StopGroup Transfer Terminator «— Matrix
A
Turn RouteGroup Terminal [« Connector
TimeTable
A
StopPattern [ TimePattern [« Run
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6. Introduction to topological objects in TOP

PHYSICAL NETWORK

Edges leaves
TransportJunction the junction TransportEdge
(point) The edge connects Directional Data
a two junctions
A\ )
\ Connects a A
\ ) regates
\ to-edge with a 9 t(?
Aggregat\es from-edge
to \ l i
\ b
\ Belongs Turn 'LinearReference
|
\ oo 4 (table) | (table)
\ ,r\/”’/ !
o Aggregates to
ComplexJunction| Most elements have connectivity
(links and nodes) | and permission rules concerning:
| Mode, Vehicle, Unit,
Company/department,
InfrastructureType
Legend
i______1 Physical network
N N ) i _____1 Route network
Connector ;ReferencePointi RouteSegment i1 Interchanges
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6. Introduction to topological objects in TOP

Run
(table)

ROUTE NETWORK

|
Fulfill
v

TimePattern
(table)

Deduce

|
Fulfill

d

StopPattern
(table)

to

Sequence of

TransportEdge

Timetable
(table)

Follow

v

Route
(table)

Sequence
of

v

—Belongs to—»

RouteGroup
(table)

RouteSegment
(path)

A route segment connects
stops or timing points

TimingPoint

Stop

Groups and
aggregation rules
concerning time

Legend:

[ ] Physical network
[ 1 Route network
[ ] Interchanges
[ ] Demand
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6. Introduction to topological objects in TOP

Matrix

DEMAN

D

(table)

ComplexDemand

A

IntermediateNodes !

Journey

.| (sequence through

Terminators and
IntermediateNodes)

Terminator
g ]
(point)

1:1

] |

S 1:many

Terminator is
endpoint of
connectors

/ Connector
/ (link)

/ 111

{ Connector

ends at

TransportJunction

ServicePoint

Zone
(polygon)

Terminator gets
traffic from

o i - \

Point Link
(points) (polyline)
Legend

]

———————
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6. Introduction to topological objects in TOP

May :
belong to P StopGroup May Terminal Chan_geEdge
s Has— (table) belongto | (table) (line)
ServicePoint i Has—— |
. 1 Deduced
(pOTInt) o Tolfrom from
I elong to  ServiceNode -
Deduced from At . TranSferEdge _______ ,
| (Physical change) | Torom
ServiceEdge | Has node
line) Stop ;
! ( (table) v
Deduced 4 To/from TransferNode
from [ReferencePoint(s) | junction (point)
(point) Can be at
T the border of Type
At similarity: The Transfer Edge
| - may follow a path
TimingPoint to related junctions
(table) A Route along transport edges
FareZone Segment
olvaon connects
(p Y9 ) Stops or Legend
Can cross TimingPoints 1 Physical network
RouteSegment E:::j Route network
: F~" 1 Interchanges
Connector| [TransportEdge TransportJunction| {~~=""7 pemand
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6. Introduction to topological objects in TOP

Point .
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(polygon) (Polyline) belong to (table) belong to (table)
:" 1:many. Terminator .': i
) gets traffic from z
> ServicePoint < o Tolfrom
f (point) ReferenceNode e
£ e :ChangeEdge:
elong to i
Matrix 11— Terminator | i = ———— - hlas A‘ ’ | . -(IT E)- =
(table) ' (point) ' //
X ey | Dedyced IReferencePoint(s) ! Stop Dedyded
Vs _— /1 1 - 1 (table) from
/ _— / L:many: frdm oint 1
y — / any i p
————C———T7 ~" Ferminator is endpoint y
|ComplexDemand] ____ “ / of connectors TransferEdge to/from
L (table) -%'/ / - = (iine) node TransferNode
———7—— Ve // | er\(’;ce) ge (table) > (Physical (point)
| s Ine change)
/ Connector |
¥ 7
_____ T | Link
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i/ 12 3 ReferencePoints may " The Transfer Edge may
v b 1. Have coordinates 1 canpeat _folloyv a route to related
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(sequence through ¢ Connector ends > 3.Relate to edge by milepost (and StopEdge) edges
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6. Introduction to topological objects in TOP

TOPOLOGIC ELEMENTS FOR RAIL:

. A more detailed level of aggregation
than TOP

. Some elements are linked to TOP

. This makes it possible to aggregate
and disaggregate data

. But this needs intelligent behavior and
IN most cases tailored applications
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6. Introduction to topological objects in TOP

MAIN GROUPS OF ELEMENTS:

. Physical network

. Train paths

. Objects related to terminals
. Signaling systems

. Links to TOP
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6. Introduction to topological objects in TOP

TOP-OBJECTS
(transport planning)

A RouteSegment connects Stops_.
Timing points are not used for rail:

TrackBlocks and Signals must be
used instead

of

Linear
referenced to
sequelnce of

to/from

Has one Belong
ormany to

At

TrackReferenceLine
(path)

Belong
A to one or Has one
Hasone Belong many O pany Has
" to
or many 1
TrackPath (poinl??itrigr;d or
ath 0 Belong to
P (p T ) polygon) 9
Sequence of
Linear referenced Belong to
to one or few
................... TrackPathSegment sequences
: (path) of track links
£ | I e May belongta..,, . .......... » Station
Sequence of Sequence of : (linear referenced) (table)
(optional) (linear referenced) i A
: May bélong to
A 4 \ 4 :
TrackBlock Sequence of > TrackLink TrackNode
(path) (linear referenced) (line) to/front > (point)
A
_ _ In and out :
Refer to Signaling and nand outcomming cor‘gmm? nodes-+-+
control system links by linear refenc (optional)
(optional)
—At CenterNod
Signal Placed at
(point) (milepost + offset) -
TrackSwitch
restrictions (nodes and lines)
to and from
A,J PHYSICAL
NETWORK
SwitchRestrictions
(table)
Legend:

Topologogic elements and relations from TOP (transport)

Physical network

Train paths

Terminal related objects
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7. Main benefits of TOP

MAIN BENEFITS OF TOP:

. Maintains complex topological models

. Eliminates multiple proprietary solutions
for data management

. Prevents inconsistent data

. Eases editing, visualization and analyses
of transport data

. Provides a basis for applications and
more efficient solution algorithms
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8. Why ScanRail launched the TOP-project

WHY SCANRAIL HAS LAUNCHED
THE TOP-PROJECT:

. Efficient basis for data management in
the National Railway Administration

. Facilitates implementation of new
more efficient solution algorithms and
applications

. This eases modeling in the Railway
Administration and gives ScanRall a
competitive edge in the consulting
market

. Sale of TOP
. Happy employees
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