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Developing Partners & Contact

C t C ti t
Initial Situation
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Customer:
Fraport AG 
Traffic & Terminal 

Co-operation partner:
Fraunhofer-Institute

for Material Flow and Logistics 
Overview
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Disposition
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Management
Airport Expansion (FBA-IL2)

Airport Project Center

Simulation
Analysis
FRA Model

S

CAST Vehicle

Contractor:
Airport Research Center GmbH
Aachen

Time Schedule:     

Software: started end of 2005 
finished mid of 2008

Aachen
Airportmodel: started beginning of 2008
„FRA“ finished approx. mid of 2009
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Apron Key Facts – Frankfurt Main Airport

Sources & sinks
Initial Situation

CAST
History

Sources & sinks
~ 189 ha apron area 
~ 133 flight gates (2 passenger terminals)
~ 84 in & outfeed locations (airside) ofOverview

Service patterns
Routing
Disposition
Vehicles

~ 84 in- & outfeed locations (airside) of 
baggage handling system

~ 20 cargo facilities (freight & mail) with 
multiple delivery and pick-up-points

Simulation
Analysis
FRA Model

Peak system load (2007)

p y p p p
~ 200 aircraft positions 

~ 181,500 passengers per day 
~ 104,000 pieces of luggage per day
~ 8,300 tons of freight per day
~ 440 tons of mail per day 
~ 20 different handling services

per aircraft movement
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Challenges and Goals 

Fundamental apron/system characteristics:
Initial Situation

CAST
History

Fundamental apron/system characteristics:
Heavy loaded traffic- & handling infrastructure
Non-linear and dynamic traffic processes 
Many complex time sensitive and interlocked transportation and service processesOverview

Service patterns
Routing
Disposition
Vehicles

Many complex, time sensitive and interlocked transportation and service processes 
(e.g. passengers, luggage and freight transportation)
High number of participants with limited resources

Simulation
Analysis
FRA Model How to plan and optimize infrastructure, resources,

dispatching strategies and system load as a whole? ?
Strategy

Planning

Focus of
DevelopmentPlanning

Operations

p
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Introduction impact setting and changing of

Typical Questions of a Planning Department

Initial Situation
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impact setting and changing of
on infrastructure resources dispatching system load

Does the 
infrastructure provide

Where could be 
actual/future

How must an optimal 
traffic guidance look

How much parking 
space for vehiclesOverview

Service patterns
Routing
Disposition
Vehicles

tra
ffi

c
qu

al
it infrastructure provide 

enough capacity to 
meet the flight-plan?

actual/future 
bottlenecks?

traffic guidance look 
like?

space for vehicles 
and equipment is 
needed?

Simulation
Analysis
FRA Model

oc
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ua

lit
y

Which strategies of 
disposition are 
beneficial? 
(trade-off between

Is the system stable, 
i.e. insusceptible 
against lower or 
higher system load?

What is the 
influence of vehicle 
type to average 
driving time?

Is the location of 
roads, 
intersections and 
parking spaces

s
pr

o qu

How many resources

(trade off between 
punctuality and 
resource demand)

How will

higher system load?driving time? parking spaces 
correct?

How does theHow does a change

re
so

ur
ce

s
de

m
an

d

How many resources 
(vehicles, equipment, 
space) can be saved 
with a new 
disposition strategy ?

How will 
modification of 
infrastructure 
influence 
demand?

How does the 
demand grow due to 
a future flight-plan ?

How does a change 
of vehicle type 
influence demand of 
parking space?
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Need for a New Simulation Tool

Initial Situation

CAST
History

Application of a model calculation due to the high grade of complexity, interaction 
and dynamics on the apron hardly possible and ineffective

Application of a software to model and simulate all these issues more feasible
Overview
Service patterns
Routing
Disposition
Vehicles

Existing simulation tools do not provide the required functions, quality and 
efficiency (especially the combination of traffic and process simulation aspects)

Simulation
Analysis
FRA Model

Fraport AG and Fraunhofer IML retain ARC to develop a new simulation 
tool that meets all requirements

Analysis and optimization by means of Fast-time-simulation 
(infrastructure, resources, disposition)

CAST V hi l
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CAST - History

Airbus1994
Initial Situation

CAST
History

Airbus
Cabin Boarding, Ground Handling Stand, 
Towcurve:  A380

Fraport

1994

Overview
Service patterns
Routing
Disposition
Vehicles

Virtual Apron Control

BAA
Terminal Passenger Flow and Processes

2003

Simulation
Analysis
FRA Model

Fraport / Fraunhofer IML
Ground Handling Traffic

Eurocontrol Experimental Centre

2006

Eurocontrol Experimental Centre
CDM - information flows
Integration, 
Full dynamisation of the model

Eurocontrol, European Commission
Unique Zurich, NASA
Aircraft, optimised allocation modules
+ several other enhancements

2008
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CAST  - Modules

CAST
Initial Situation

CAST
History

CAST Airport Simulation

Overview
Service patterns
Routing
Disposition
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Vehicle
Operations

Visualisation
Animation

Aircraft
Operations

Terminal
Pedestrian

Simulation
Analysis
FRA Model

N
TE

G
R

A
TE

D
SI

M
U

LA
TI

O
N

IN S

Developement partners
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CAST Total Airport Simulation

Introduction

Actors

Car

OTHER AIRPORTS
AIRSPACE

Train
Station

Bus
stop

Parking / 
Curb

LANDSIDE ACCESS

Initial Situation

CAST
History

Train

Bus

CarAIRSIDE

TERMINAL
Runway

Check-In

Arrivalstack
Approach

Departure
Sector

Arrival HallDeparture
Hall

Overview
Service patterns
Routing
Disposition
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Passenger

Aircraft

GHE

Runway
Exit

Check In
Baggage

Security
Passport

Departure
Queue

BHS Baggage
R l i

Customs

Simulation
Analysis
FRA Model

Baggage

Cargo
Taxiway-
system

Retail
Waiting Area

P iti /Depots Gate

Reclaim

Passport

Position / 
Gate

Depots
Areas for 

GHE

Gate

Arrival
Gate

Roads
for GHE

Flight 
schedule

LoadBaggage
Ramp

Baggage
Ramp
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Stakeholders (Operational Strategies / Systems)
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Technical aspects of CAST

Discrete event simulation - Flexible simulation time
Initial Situation

CAST
History

Discrete event simulation Flexible simulation time 
steps

Fast time simulation
Overview
Service patterns
Routing
Disposition
Vehicles

Multi-agent technology

Agent based simulation: Direct representation of actors 
Simulation
Analysis
FRA Model

g p
(e.g. vehicles)

Agents act according intentions / tasks and capabilities

Not deterministic, pseudo random variable for relevant 
parameters

3D Si l ti E i t M d lli d Si l ti3D Simulation Environment: Modelling and Simulation
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Initial Situation

CAST
History
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Vehicles CAST Vehicle
Simulation
Analysis
FRA Model Overview and Simulation Environment
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CAST Vehicle – Overview on the main components

Infrastructure
Initial Situation

CAST
History

Parking and preparation spaces, buildings, roads, taxiways, stands

Operational concept: rules, restrictions

Fli h h d l fli h l d i f i ( d f i h l )Overview
Service patterns
Routing
Disposition
Vehicles

Flight schedule: flights, load information (passenger and freight volume)

Servicing patterns: 
Time-resource patterns (transport and service demand)

Simulation
Analysis
FRA Model

p ( p )

Resources: vehicles (types, properties, amounts)

Disposition: rules, routing, planning parameters

Microscopic vehicle simulation: effects and conflicts

Data recoding, visualisation and analysis
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Top view on the airport

Initial Situation
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Simulation
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All simulation components within the model: network, controls, vehicles etc.
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Top view on the airport

Initial Situation

CAST
History
Overview
Service patterns
Routing
Disposition
Vehicles
Simulation
Analysis
FRA Model

Vienna
2009-02-11

CAST Vehicle 1602.03.2010

All simulation components within the model: network, controls, vehicles etc.
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Microscopic vehicle simulation
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Comprehensive vehicle following behavior
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Comprehensive vehicle following behavior
Simulation of allocation and dispostion

Simulation of complex route planning strategies
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Initial Situation

CAST
History
Overview
Service patterns
Routing
Disposition
Vehicles CAST Vehicle
Simulation
Analysis
FRA Model

M i tMain components
(Selection)
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Disposition - Service Patterns

Service patterns according to customer definitions
Initial Situation

CAST
History

p g

Transport processes (cargo / baggage / pax / crew)

Service processes (fuelling, catering, documents, ramp agent, GPU etc.,)

Diff i li i i i d i iOverview
Service patterns
Routing
Disposition
Vehicles

Different types: type, airline, time, origin, destination

Load-dependent passenger and cargo amounts are considered
(e.g. units / vehicle and time demand per unit)

Simulation
Analysis
FRA Model
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Routing

A detailed and proper routing is essential for good results
Initial Situation

CAST
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A detailed and proper routing is essential for good results

Full dynamic routing
General principles: cost model, planning the routing with time margin 

Overview
Service patterns
Routing
Disposition
Vehicles

Beginning of the tour: routing based on the current traffic situation
Factors for the routing:

Definable for vehicles and/or for special route sections 
Simulation
Analysis
FRA Model

p
Route length
Allowed speed
Special costs 
(e.g. for blocking probabilities through push-back)
Restrictions (clear height, width, weight etc.)
Traffic density (limited = realistic foresight)

Rerouting, if congestion or traffic jams occur
Comparison of driving times
Homogeneous utilisation of the different routes
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Display of routing
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Display of routing: Each line represents one route, stepwise upward to the destination
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Disposition – Allocation of Tours

Initial Situation
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1. Searching for the next order
2. Identification of location, time, 

vehicle, operator
Overview
Service patterns
Routing
Disposition
Vehicles

, p
3. Identification of available resources
4. Determination of drive time and 

preselection of potential vehicles
Simulation
Analysis
FRA Model

p p
5. Evaluation and selection of the 

optimal vehicle
6. Allocation of the driving tasks to a ea

llo
ca

tio
n

g
vehicle

7. Execution of the tour
8. Feedback on the effective course

R
e

8. Feedback on the effective course 
(delays) to the disposition

U d fi d ki tt f
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User defined working patterns of 
the disposition



Introduction A t A t B h iVehicle follow-up behaviour

Simulation of the driving behaviour

Initial Situation
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Autonomous Agent Behaviour
Decision making depending on boundary 
conditions, own properties and tasks.

p

Intersection behaviour

Overtaking

L hOverview
Service patterns
Routing
Disposition
Vehicles

Lane change

Simulation
Analysis
FRA Model

WahrnehmungRecognition

EntscheidungsbasisDecision base
Environment (static, dynamic)

Own properties (e.g. 
acceleration, intended velocity)
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Action

Own aims (route to destination)
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Si l ti d A l iSimulation and Analysis
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Simulation - Animation and Analysis

Animation of the vehicles
Initial Situation
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Animation of the vehicles 

Colour coding of properties 
Overview
Service patterns
Routing
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Vehicles

Route-dependent, colour-coded analysis
(amount of vehicles, traffic density, average 
speed)

Simulation
Analysis
FRA Model

p )

Simulation-simultaneous visualisation in  charts

Recording of all data and events during the 
simulations

Automated post-processing of results through 
the „Log-Analyser“ 
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Simulation - Animation and Analysis

Initial Situation
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Example: Graphs

F l fi bl b hOverview
Service patterns
Routing
Disposition
Vehicles

Freely configurable by the 
user

Available for all elements
Simulation
Analysis
FRA Model

Online visualisation of results

Saving of data

Examples:Examples:
- Drive Time
- Traffic density
- Amount of used resources
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Colour coding and chart – top view
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User defined colorcoding and charts for in-run analysis
Data collection for flexible post-processing 
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Initial Situation
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Frankfurt ModelFrankfurt Model
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Frankfurt - Model

Number of vehicles and trailer:
Initial Situation

CAST
History

Number of vehicles and trailer: 
more than 13000
Lane elements > 7000
D t 440Overview

Service patterns
Routing
Disposition
Vehicles

Depots > 440
Disponents  > 30

All in all more than 150.000 Objects
Simulation
Analysis
FRA Model

a o e t a 50 000 Objects

Number of repetitions for some functions:
GetDistance more than 250 Mio times for 80.000 Routings

Examples for other relevant processes / functions:
Disposition (choice of vehicle allocation of tour etc )Disposition (choice of vehicle, allocation of tour etc.)
Microscopic vehicle behaviour (general driving behaviour, routing, 
conflict detection and resolution)
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Logging
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