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Software Applications for Airport Planning

Worldwide Applications of VISSIM for Airport Design Projects

Hong Kong International Airport (HKIA)
Obijectives for the apron simulation model

HKIA Model Development Strategy and Capability
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Software Applications for Airport Planning

Airport Research Center
consufting engineers

your partner for special airport solutions

Home * Products
News ) . . .
The Arport Research Center GrmbH offers two software platforms for simulation and planning
Company solutions:
Services »CAST
; CAST is a stand alone PC-tool and provides a virtual 30 erwironrment for integrated simulation of
GRS QUERIS: all airport related processes
- CAST Terminal P P :
- CAST Aircraft
- CAST Wehicle f f f f
- CAST ApronCantral CAST Terminal - Passenger Terminal Simulation
Airpart Office Cwverview
B -lC—)PSCF)‘ CAST Aircraft - Aircraft Traffic Simulation
- RDO
- BagPLAN CAST Vehicle - “ehicle Traffic and Ground Handling Simulation
Projects
Customers CAST ApronControl - Planning & Simulation of ATC Facilities
Contact
Career »Airport Office

e AutoCAD
Appears comprehensive but at an aggregate
level — schematic rather than micro-simulation

No mention of apron movements and conflicts
or land-side vehicle arrangements
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MATEENA AR - B3 Anport Sunulation Sermnar
Adrport Simulator

Tsing Simulation to Evaluate Impacts of Airport Security:
Distribute d Arport Simulation using COBEBA and DIS (E
Hlay.com (TE) : VFE Londen & City Alrport (Flight Sim
Cartwright Porter Eesional Anrport Simmulation Free Term
Adrport and Contrel Center Simulator — ACCES
YouTube - ITTL Traming Anport Simulation

Thpenta onnect An airport passenger terrninal simmulator: .
Melbourne Amrport Landside Traffic Simulation

Alrport security

A-CKET An Adrport-Cormmeon MModeling and Simulation
Bagzazse Simulation at Schiphol Anrport - Adrport Interns
Distribute d Airport Simulation using COEBA and DIE
GameSpy. Alrport 2002 (for Flisht Simulator)

Meed Help m Writing An Aivport simulation program. - ©
FUTURE-MAEIMNG SERICOTUS GAMES: SIMCORE: Se
FE Airport Disaster Simulation - Video

Use of modeling and simulation to support airport securnt
Simulation Modeling Practice and Theory - Tower and an
Halcrow air transport - Airport Termmal hodeling and St
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Worldwide Applications of VISSIM

» Auckland, NZ - Land-side Duffill Watts/BECA
» Edinburgh, UK - Land-side Faber Maunsell

» Heathrow, UK T5 - Land-side Atkins

* Muscat, Oman - Land-side COWI

» Bangkok, Thailand - Land-side and Air-side Scott Wilson
 Manchester T2 satelllte UK Alr S|de Mott McDonald
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Hong Kong International Airport

Possible
3rd runway

Undeveloped

2 ffjn(?iyays, . __‘midfield’

Maintenance

—
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HKIA - passenger terminal
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Hong Kong International Airport

Improvements and Expansion

Newly completed airfield improvements include the construction of the
North Satellite Concourse, the addition of new taxiways and resurfacing of
the two runways. Within a few years, additional hangars for aircraft
maintenance and business jets will come into service. Planning for the
future, HKIA has been preparing plans for the undeveloped area in the
‘Midfield’ between the two runways that will be developed in phases to meet
future demand. HKIA will also soon commence the engineering and
environmental studies on the feasibility of a third runway at the airport and
a new cargo terminal will open in 2011.

The Airport Authority (AA) wishes to develop options for parking stand
layout, taxiway configuration, passenger terminal location and layout, and
associated passenger facilitation systems. Recent studies have identified
Improvements to increase the capacity of the existing dual runways from 55
movements per hour at present up to 68 movements per hour in 2015. A
current study will assess the incremental air traffic movements associated
with a pOSSibIe third runway. ©PTVAP 2008 7
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HKIA Model Development Objectives

> |nitial Objectives:
Identify the key bottlenecks on the apron road network

Determine how can they be improved so that travel times will be more
predictable?

An apparently simple and achievable objective, but.......

© PTV AP 2008 9
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HKIA Model Development Objectives

> New questions after discussions on model scope:

How long does the baggage take to travel from each gate to the baggage hall, and
how variable is the travel time?

Where is the best location on the apron to park critical GSE?

How many vehicles of each GSE type do we need to service a given flight timetable
in normal operations?

What are the impacts of abnormal operations, such as runway closure, blockage of a
key element of the apron, or disruption due to adverse weather or an unusual
incident or event?

How do we re-establish normal operations after an interruption, and how long will it
take to recover normal service?

How do we optimise our GSE acquisition and utilisation plans?

How can we manage maintenance impacts and when can we close a part of the
apron without significant impact?

How can we check planned management strategies, without risking adverse impacts,
during maintenance or construction activities?

What can we do to maximise utilisation of key facilities and equipment and what is
the financial benefit? ©PTV AP 2008 10
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HKIA Model Development Strategy

> Build components that can be applied for any airport model
Gate Templates — typical for most airports
Road network — unique
Taxiway/runway network — unique
Static assignment of aircraft on pre-determined routes
Dynamic assignment of GSEs
Aircraft conflicts managed by VAP controllers to replicate apron control guidelines
Generic scripting to define demand characteristics and routings

> Work shared between PTV and HKIA

HKIA — apron road network and aircraft static routings
PTV — gate templates, VAP and control scripting

© PTV AP 2008 11




HKIA Model Development — Vehicle Types

> Airside vehicle types

Marshaller’s car

Passenger bus (remote gates)
Baggage tractor and trailer
Cargo loader and conveyor
Catering truck

Refuelling pump

Aircraft towing tug

Potable water delivery truck
Waste water removal tanker
Maintenance vehicle
Cleaners crew bus
Individual passengers/crew

> Plus 4 aircraft categories based on size/capacity

© PTV AP 2008 12
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HKIA Model Development — Gate Operations
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HKIA Model Development — Network Components

> Combined gate template for 4 aircraft categories

Y
l

52 gates at the Passenger Terminal Building

10 gates at the Northern Satellite Concourse
36 aircraft parking stands TOTAL 98 gates/stands ©PTVAP2008 14
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HKIA Model Development — Network Components

> Runways and taxiways > Apron road network

Standard conflict and priority
Every link and connector is management with some special
created in both directions on rules associated with apron
the same centre-line control procedures

© PTV AP 2008 15




HKIA Model Development — Network Components

> Read Additionally to combine apron
road network and taxiways/runways

....and after lots of manual editing/
copying/pasting/re-numbering of
gate templates in the .INP file

© PTV AP 2008 16




HKIA Model Development — Network Components

> Define static routes for aircraft
movements

Static routes between each (4) runway and

each (98) gate in each direction for each (4)
aircraft category.

4 x 98 x 2 x4 =3136 routes ©PTVAP2008 17




HKIA Model Development — Network Components

> Gate templates simplified (remove 10,000+ links) and nodes and
parking lots introduced for dynamic assignment of GSEs

© PTV AP 2008 18




HKIA Model Development — Numbering Conventions

Careful and consistent numbering
conventions are critical.

Aircraft type  Numbering
convention
C 2
D 4
E 6
F 8
Ground Numbering
service convention
operator
HAECO 1
PAPAS 2
CASL 3
HAS 4
JATS 5
MENZIES 6

Runway Numbering
convention
25R 1
25L 2
7R 3
7L 4
Temporary Stands
Northern entry 5
Southern entry 6

Gate numbering convention

XYYY (Compass point + three digit gate number)

N

E

S

W
Temporary stands

V gates

1YYy
2YYY
3YYY
4YYY
YYY
IYYY

© PTV AP 2008
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HKIA Model Development — Numbering Conventions

Type of link Minimum Maximum Minimum Maximum
link link number connector connector
number number number

Apron road network 1 1999 10000 11999

Runways & Taxiways 2000 3999 12000 13999

Spare (Can be used 4000 5999 14000 15999

for network extension)

Gate template B

Gate template C 6500 6999 16500 16999

Gate template D 7500 7999 17500 17999

Gate template E 8500 8999 18500 18999

Gate template F 9500 9999 19500 19999

Stop signs numbering convention

XXXXYY (Four digit gate number + 2 digit number)

C

D
E
=

XXXX20
XXXX40
XXXX60
XXXX80

© PTV AP 2008
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HKIA Model Development — Numbering Conventions

Description Numbering convention

Numbering convention for parking lots
At gates XXXXY: Four digit gate number + 1/2/3/4

At HAs WXYYZ: Operator number + compass direction + holding area number + 1/2

Numbering convention for zones
At gates XXXXY: Four digit gate number + 1
At HAs XYZ: Operator number + compass direction + serial number

(Give serial number PPT print out in appendix)

Description Numbering convention

Aircraft arrival routes
Route decision number XY: Runway number + aircraft type number

Route number XXXXO0Y: Four digit gate number + 0 + aircraft type number

Aircraft departure routes

Route decision number XXXXY: Four digit gate number + aircraft type number

Route number X : Runway number

© PTV AP 2008
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HKIA Model Development — Sequence of Events

Each step in this flow diagram
has a VBA script defining
characteristics for each
vehicle type.

Each script may refer to an
aircraft category number, gate
number, runway number, airline,
arrival or departure time.

The allocation of a ground
operator depends on the airline.

The characteristics of the GSE
(how many, dwell time, etc..)
depend on aircraft category.

Arriving aircraft/
aircraft towed on

v

Assign routes to
parking stand

v

Assign dwell time

Marshalling

Handling of cargo
and baggage

v

Aircraft maintenance

Is AIC
departing?

Yes

Assign departure
route

Aircraft service

v

Baggage and
cargo handling

v

Aircraft departs

Tow-off to

temporary stand

© PTV AP 2008
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HKIA Model Development — Sequence of Events

Arrival and dwell time of GSE at gate related to aircraft arrival

Vehicle name GSE Arrival Time Departure Time from gate

Type at gate Cat C CatD CatE CatF
Baggage Tractor 100 -15 27 40 60 125
Cargo tractor 200 -15 27 40 60 125
Car (LMO) 10 -5 30 30 40 40
Car (RHO) 11 0 30 30 40 40
Catering truck 60 -15 20 33 43 101
Loader 80 -15 30 36 60 125
Conveyor 400 -15 30 36 60 125
Water truck 430 -15 15 14 40 32
Toilet truck 440 -15 15 16 40 25
Cabin cleaning 420 -4 17 28 43 45
Fuel truck 410 -15 19 22 42 68
Towing tug 450 -15 0 0 0 0
Marshaller 550 -10 6

A similar set of rules applies for a departing aircraft

© PTV AP 2008



HKIA Model Development — Sequence of Events

For aircraft arrivals/departures at a stand (no air-bridge)

Example - passenger bus schedule for a departing aircraft

Pax Bus No Arrival time at gate Departure time from gate

Category C aircraft

1 -15 -10

2 -10 -5
Category D aircraft

1 -20 -15

2 -15 -10

3 -10 -5
Category E or F aircraft

1 -20 -15

2 -15 -10
3 -10 -5
4

© PTV AP 2008
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HKIA Model Development — Logic

Read Initial values (start time,
offset, aircraft speed)

Read next arrival time <

v

@4—' Go to next time step

simtime >=
arrtime

Read aircraft details and arriving &
departing route details
Assign arriving route and departing route |

/ Read GSE start
time

Add aircraft at
gate

Go to next time
step

1 Add aircraft on runway |

No

Tow off to temporary
stand

Is departing
No

Depart from assigned runway |

simtime >=
GSE start
time

Yes

Read vehicle type,
Origin & destination
zone number

!

Add GSE vehicle

© PTV AP 2008
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HKIA Model Development — Control Strategy

A combination of COM, VAP, dynamic and static assignments gives
the user the most thorough control of the simulation.

COM reads in data, sorts it, and checks for consistency. Then COM
generates instructions to assign static routes to aircraft, to define
arrival and departure time of all GSE traffic, creates trip chains where
required, and calculates demand for dynamic assignment of GSE.

VAP controls potential conflicts between aircraft on the apron as

conflict areas and priority rules cannot be efficiently applied for
vehicles up to 70m in length.

© PTV AP 2008 26




HKIA Model Development — Excel Control File

Data received from HKIA Script to format and sort data

Route number and decision number based on concatenation
of runway number, gate number and aircraft category

© PTV AP 2008 27



HKIA Model Development — VBS Script

© PTV AP 2008 28



HKIA Model Development — VBS Script

Logical steps and actions

1. Open VISSIM .INP file

. Import and sort timetable and specify start time of simulation — pre-load
aircraft and GSE to gates for start of simulation.

. Specify arrival runway and departure runway.

4. Read a look-up table to allocate each airline to a GSE operator and

identify GSE parking lot location (GSE origin zone) nearest to gate for
each flight arrival.

. Determine number of GSESs, destination zone, arrival time and dwell time
for each GSE trip by reading aircraft category and gate number.

. Examine arrival/departure schedule for airlines serviced by each GSE
operator and generate trip chains for GSEs to service flights efficiently
(when GSE finishes a task — read the timetable to identify the next
aircraft to be serviced and travel to that gate/stand, or if no flight service
required within X minutes then return to base)

© PTV AP 2008 29



HKIA Model Development — VBS Script

Logical steps and actions

7. Allocate static routes between runway and gate/stand for all departing and
arriving aircratft.

8. Conduct dynamic assignment of a dummy matrix to create a path file for
GSEs loaded via COM.

9. ldentify proportion of baggage tractors travelling to remote baggage transfer
facility for transfer (all other tractors go to/from Main Baggage Hall).

10. Commence simulation

© PTV AP 2008 30



HKIA Model Development — VAP Control of Conflicts

Split the apron into sectors

A signal head is placed on every
gate to prevent an aircraft departing
the gate if another aircraft is in the

same sector

A signal head is placed at the entry
to each sector to stop an aircraft
from entering if another aircraft is
already moving within the sector

Total approximately A signal head is placed at each
200 VAP controllers taxiway crossing — the first aircraft
to cross an upstream detector is

given priority

© PTV AP 2008 31



HKIA Model Simulation

QOutcome:

1. Runs at real speed with a single CPU core with 3D visualisation.

2. Adding VAP controllers does not appear to slow down simulation.

3. 70 pages of model documentation

. shows aircraft arrival , passengers disembark , loader,
conveyor, baggage, cargo trailer and toilet truck move into position

. shows marshaller leave, catering trucks, cleaners van+ fuel
pump approach aircraft and park

. shows toilet truck leave , baggage and cargo trailers
load/unload , water tanker move into position and all Ground Service
Equipment (GSE) leave upon completion

o < > shows passengers boarding aircraft and push-back for
departure

© PTV AP 2008
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Desired Additional Capability

Dynamic re-routing of aircraft assigned on a static route, based on
an event such as an occupied detector, consistent with apron

controller procedures.

Dynamic re-routing of GSEs based of blockage of an apron road
due to an aircraft movement (sometimes closes the road for more

than 2 minutes during push-back from a gate).

© PTV AP 2008 33



Further Work

The VISSIM model is approaching completion, with the calibration of
background traffic volumes presently underway, and will shortly
commence scenario testing.

Hong Kong Airport is one of the busiest and most complex airports
in the world and the models have been developed in a modular
manner, using a series of inter-linked simple scripts, so that they can
be applied to other smaller airports with little adaptation effort.

In the longer term, it is planned that many of the procedures
developed during this exciting cutting-edge project will be built in to
the core of VISSIM and a dedicated graphical user interface will be
iImplemented for use by airport planners and designers.

© PTV AP 2008 34
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