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Simulation tool for

- Vehicle traffic
- Ground handling processes
- Apron traffic
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A. Quick — Task and Motivation
» Short presentation of the developing partners
» Background and trigger for the development of CAST Vehicle

M. Laubrock - Presentation of CAST Vehicle
» History of CAST

» Overview on the scope of functions

» Some selected features of the software

)‘/f‘- i
“ CFraport  Fravnhofer i '@‘Airpon Research Center




s
"4

7 ,\ (Fr- aport  Freunhele, -@mirpon Research Center

—

Developing Partners & Contact

Customer: Co-operation partner:
Fraport AG Fraunhofer-Institute
History Traffic & Terminal for Material Flow and Logistics
| Management Airport Project Center
Routing Airport Expansion (FBA-IL2)
Disposition
Veh?cles
Simulation o
» CAST vVehicle

FRA Model

Time Schedule:
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Apron Key Facts — Frankfurt Main Airport

Sources & sinks
P ~ 189 ha apron area
P ~ 133 flight gates (2 passenger terminals)

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

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

P ~ 200 aircraft positions

Peak system load (2007)
» ~ 181,500 passengers per day

» ~ 104,000 pieces of luggage per day
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Challenges and Goals

Fundamental apron/system characteristics:

» Heavy loaded traffic- & handling infrastructure
. » Non-linear and dynamic traffic processes
istory

Overview » Many complex, time sensitive and interlocked transportation and service processes
Service patterns (e.g. passengers, luggage and freight transportation)

Routin ) L. . L

Dispos?ﬁon » High number of participants with limited resources
Vehicles

Simulation

Analysis

o 7 How to plan and optimize infrastructure, resources, 7
dispatching strategies and system load as a whole
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process

resources

quality

demand

Where could be
actual/future

bottlenecks?

Is the location of
roads,
intersections and
parking spaces
correct?

How will
modification of
infrastructure
influence
demand?

—

setting and chanqging of

resources

How much parking
space for vehicles
and equipment is
needed?

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

How does a change
of vehicle type
influence demand of
parking space?

dispatching

How must an optimal
traffic guidance look
like?

Which strategies of
disposition are
beneficial?
(trade-off between
punctuality and
resource demand)

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

disposition strategy ?

2
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system load

Does the
Infrastructure provide
enough capacity to
meet the flight-plan?

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

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

o
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Need for a New Simulation Tool

>

-
>

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

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

‘ 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
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» CAST vehicle

History and Overview
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CAST - History

1994 » Airbus
Cabin Boarding, Ground Handling Stand,
Towcurve: A380

» Fraport
2003 Virtual Apron Control

> BAA
Terminal Passenger Flow and Processes

2006 p» Fraport / Fraunhofer IML
Ground Handling Traffic

Eurocontrol Ex
D
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> CA ST Airport Simulation

N

Vehicle
Operations

Aircraft Visualisation
Operations Animation

Terminal
Pedestrian

INTEGRATED
SIMULATION




CAST Total Airport Simulation

- LANDSIDE ACCESS
OTHER AIRPORTS Train Bus Parking /
AIRSPACE Station stop Curb Actors
| | | | | | | | ||
AIRSIDE RO ~ ~~ car
Arrivalstack Departure Departure Arrival Hall Train
Approach Sector Hall TERMINAL
l Bus
Runway
Check-In
Baggage Customs Aircraft
Runway Departure j
Exit Queue : Passenger
Security
P
assport _, BHS Baggage GHE
l Reclaim
Retail Baggage
Taxiway- Waiting Area
system | Passport Cargo
Depots ﬁ Position / | Gate
Areas for ‘I' Gate <ij>
GHE Arrival
Roads ]
for GHE Gate
Baggage <ﬁ* Baggage Load
Ramp 7 Ramp
Flight
schedule
ATC/ Airline Airport Ground- Public
Tower Handler Transport

Stakeholders (Operational Strategies / Systems)
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Technical aspects of CAST

= Discrete event simulation - Flexible simulation time

steps
History » Fast time simulation
Overview
Service patterns » Multi-agent technology
Routing
Disposition ) . . .
Vehicles » Agent based simulation: Direct representation of actors
SIMSISHON (e.g. vehicles)

Analysis

FRA Model
Agents act according intentions / tasks and capabilities _

NOT determin DSeudoO rarndaorr aliapie 10 clevall V== =7 Ay
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» CAST vehicle

Overview and Simulation Environment
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CAST Vehicle — Overview on the main components

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

» Operational concept: rules, restrictions

History

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

Service patterns
Ef’”“”‘.’. » Servicing patterns:

ISpOSItIOﬂ . .
Vehicles Time-resource patterns (transport and service demand)
Simulation
Analysis
FRA Model

» Resources: vehicles (types, properties, amounts)

» Disposition: rules, routing, planning parameters

» Microscopic vehicle simulation: effects and conflicts
» Data recoding, visualisation and analyis

. g
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Microscopic vehicle simulation

Comprehensive vehicle following behavior
Simulation of allocation and dispostion
Simulation of complex route planning strategies
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Disposition - Service Patterns

-
-
>
History
Overview 3
Service patterns
Routing -

Disposition
Vehicles
Simulation

Service patterns according to customer definitions
Transport processes (cargo / baggage / pax / crew)
Service processes (fuelling, catering, documents, ramp agent, GPU etc.,)
Different types: type, airline, time, origin, destination

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

Deboarding / Boardng L1

Analysis

Deboarding / Boardng L2
Cagban Chiaring

FRA MOde| (Em-snnqi\m?:um

r‘ot.ml W ter Serice
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» A detailed and proper routing is essential for good results
» Full dynamic routing
istory » General principles: cost model, planning the routing with time margin
e e » Beginning of the tour: routing based on the current traffic situation
— » Factors for the routing:
Isposition
Vehicles » Definable for vehicles and/or for special route sections

Simulation

Analysis » Route length
ERANOEE » Allowed speed
>

Special costs
e.g. for blocking probabilities through push-back

Trate; Cormaderslmon

Trati: Dienty stk (]| 25,0000
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Display of routing

b= 03/09/2015 10:32:13 [-77,02, 634,62, 0,20] 0OPts) [Aldd [R]emove [Cllear [E]dit Root Object is running

Display of routing: Each line represents one route, stepwise upward to the destination
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Searching for the next order

Identification of location, time,
vehicle, operator

Identification of available resources g

Determination of drive time and
preselection of potential vehicles

Evaluation and selection of the

optimal vehicle

Allocation of the driving tasks to a

2
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IJ General || Poszition ” Jobs || Tree View || Vehicles| Disposition

eallocation

Tour Schedule | Allocation Settings ‘ Tour Generation || Ground Handling Schemesl

Allocation Cost Model

Travel Time E stimation

Mominal Travel Duration = Shortest Distance / Planning Speed

Flanning 5peed [m/z]

Estimated Travel Duration = k

[10.0000

* Mominal Travel Duration + ¢

tultiplier K. [-]

1.3000

Additional Term C [hh:mm: zz]

Allocation Cost Factors

00:01:00

4

Travel Duration Multiplier

5.0000

Arival Time Multiplier

10.0000

Late Arrivval Offset

Settings

10000.0000

Conzolidation Tours

Use Tour Process Smoothing

Usze Tour Conzolidation

Scheduled Tours

Look Ahead Time [hh:mnn:ss] | 01:00:00 E

| Look fhead Time [hhmm:ss] | 00:31:00 s

Frocessed Tours

Fiedllocation

Look Ahead Time [hh:mm:ss] | 00:30:00

Use Redllocation

Drelay [hh:mm:zz]

00:10:00

Premature [hh:mm: s3]

k|4

00:10:00

| )

(o]

i Apply l Cloge ‘
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Simulation of the driving behaviour

> Vehicle follow-up behaviour

Autonomous Agent Behaviour
Intersection behaviour Decision making depending on boundary
conditions, own properties and tasks.

History
Overview
Service patterns
Routing
Disposition
Vehicles

..
» Overtaking
> Lane change

Simulation
Analysis
FRA Model

Recognition

Decision base
Environment (static, dynamic)

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

Own aims (route to destination)
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Simulation - Animation and Analysis

= CAST Tnrminal [GMIE e\l VS Compluty 2. 20 AKL Sk TRA Y% Camplate 2.2, Runl: ‘1008 03.11_13.11.21

» Animation of the vehicles e

ALl €300300 FEO P =000S XDOX 84 =

» Colour coding of properties
History

Overview

Service patterns -

olting Route-dependent, colour-coded analysis
Disposition (amount of vehicles, traffic density, average
Vehicles Speed)

Simulation

yesEsamniiuEEnd :H

ctorn | Evpunt | Pomdelrm Vst

e HEE

Analysis
FRA Model

= Simulation-simultaneous visualisation in charts

i 4 -5

ol Jas

= 44
=i !
T {= 3
Em' Flight Maove ments 12 i
2 |
2 17 £
" , £
£ Waiting Time . =
L2 - =

o) Day Average: 1:35min 7 l..

.......... .
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CAST [C:\CAST LEN\Small APT Model 0543.A0X], SimID: 'Small APT Model 0543, RunID: " - [View of "Perspective_Camera2?208": Perspective Camera]

o Sanes » Example: Graphs

History

Overview - o @ < y » Freely configurable by the
Service patterns Lﬂn.;154 : e = ‘ FEx 7 user

Routing = S s

Disposition : il e S

Travel Time | Average
—— Recursive Chiléren Count (Superuser)

Available for all elements

0930

Vehicles | = g i e

Simulation
Analysis
FRA Model

Online visualisation of results

Saving of data

Y ¥ ¥

30 08:4509

Reset Zoom Export Clear E Close. i

t = 03/09j2015 10:23:15 9,20RT | [170,45, 60,34, 0,00] | DPis) [Aldd [Rlemove [CJlear [E]dt Root Object is paused

ubamlsfzola‘%a lss 21 Simulation Speed Change [Time Multiplier = 1.00x | Max. Time 4] @ Q @.-@@@@@D-.H

03/03/2015 09:59:26 Simulation Speed Change [Time Multiplier = 1.00% | Max. Time
Delta = 1.70s]

AR
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Introduction

Initial Situation

CAST

Vienna
2009-02-11
02.03.2010

2 g e W
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» Number of vehicles and trailer:
more than 13000

» Lane elements > 7000

# Depots > 440

» Disponents > 30

All in all more than 150.000 Objects

8 v c [ e

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.)

» Microscopic vehicle behaviour (general driving behaviour, routing,
conflict detection and resolution)

» Logging

P CAST vehicle 29
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