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Problem area

Schiphol invests in its relation to tlemvironment by communicating on aircraft
noise and through providing a forum for discussion with inhabitants for the
communities around the airport. Current information regarding noise for
communities around Schiphol is based only on historic and actialda 6 S ®:
+SNAfF3 @ly RS 51 3¢é3x @t AS3I0S6SIAAY

To help reduce noise hindrance, new information can be provided to the
community. Research shows that if people living in the vicinity of the airport ¢
anticipate on aircraft noissufficiently ahead in time, it is very likely that they w
be less annoyed whemoise eventsccur. Therefore, there is a high potential fo
improvement if the public couldnticipateaircraft noise.
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For increasing cost efficiency, creating a larger social basis and increasing
acceptance of noise, a new method for communication is investigated by
prototyping a smartphone app that should provide a higher benefit per euro o
investment. A forecasted nador a period of twentyfour hours will be set up
through a light interface

Description of work

The work consistef the development of the app, in close cooperation with the
stakeholders in KDC (LV&lproject lead, AAS and KLMhe app has been set uf
in five sprints, where for each sprint an evaluation session has been organise
obtain feedback from KDC and potential end users.

Two evaluations session with randomly selected 30 participations from
communities around Schiphol airport have been aigad, where they have
received the app on their smartphone for a period of one week.

In a separate path, the calculation engine has been developed.

Results and conclusions

The project provided an app that predicts aircraft noise around Schiphol.

From the technical evaluation, it can be concluded that the forecastaqgability
(24 hour forecast, based on weather conditions) is functioning well.

The usability evaluation shows that end users appreciate the app and about |
the participants indicatéhat the perception of the noise does not fully comply
with the forecasted information. About one fifth of the participations indicated
that their perception towards the airport has been positively influenced.

The perception on the noise experience negdprovement. Some improvement
have already been identified.

Applicability

The app can be used as staaldne information system, but better would be to
embed this in an environment that provides more informationranway use for
Schiphol. Extensions the app (e.g. indication of uncertainty of the forecast) m
be necessary, before going live.

The principle of noise forecasting can be used at other airports as well and th
current app is easily adapted to the specific information on other airfields.
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Sunmary

Schiphol invests in its relation tbe environment by communicating on aircraft noise and through providing a forum
for discussion with inhabitants for the communities around the airport. Current information regarding noise for
communities around Schiphol is based only on historic and &ctu I G+ o0S®3Id . ! { +SNRERTf I 3
GOt AS30S6SIAYyISY 2yiAySéE YR bhah{o0o®

To help reduce noise hindrance, new information can be provided to the community. Research shows that if people
living in the vicinity of the airport can anticipate on aircraft noise sufficiently ahead in time, it is very likely that the
will be less annged whennoise event®ccur.Communication is a major issue in driving the attitude of people.
Therefore, there is a high potential for improvement if the public caniticipateaircraft noise.

For increasing cost efficiency, creating a larger social basis and increasing acceptance of noise, a new method for
communication is investigated by prototyping a smartphone app that should provide a higher benefit per euro of
investment.Within this project, carried out by a constum of NLR, M2Mobi and KNMINgrecasted noise for a

period of twentyfour hours will be made through a light interface on a smartphone app. The app isdaiggeluid

In close cooperation with the stakeholders in KDC (LyiNoject lead, AAS and KLMhe app has been set up in
several sprirg, where for each sprint, at a planning session, the exact contents of the sprint has been decided. After
development of the contentsn evaluation sessidmasorganised to obtain fedbackfrom KDC and other potential

end usersThe work has been carried out in five sprints.

For two sprints, largevaluation session with randomly selected 30 patrticipations from communities around Schiphol
airport have been organised, where they haeeeived the app on their smartphone for a period of one wedtker
this, an extensive feedback has been obtained from them.

From the technical evaluation, it can be concluded that the forecastipgbility (24 hour forecast, based on weather
conditiong is functioning well.

The usability evaluation shows that end users appreciate the app and abtudf the participants indicate that the
perception of the noise does not fully comply with the forecasted information. The perception on the noise
experence needs improvement. Some improvements have already been ideniMiexalit one fifth of the
participations indicated that theiperception towards the airport lebeen positively influenced.

The app can be used sgnd-alone information system or maye embedded in a larger system of information
provision towards communities around Schiphektensions to the app (e.g. indication of uncertainty of the forecast)
may ke necessary, before providing the app live to the community. Some further improvermenidentified.

The result of the project is an app that predicts aircraft noise around Schiphol. The project proved feasibility of a noise

prediction for the upcoming 24 hours for Amsterdam Airport Schiphol.
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Abbreviations

ACRONYM DESCRIPTION

AAS Amsterdam Airport Schiphol

A-CDM Airport Collaborative Decision Making

BAS Bewoners Aanspreekpunt Schiphol

dB decibel

dB(A) A-weighted decibel

CES Customer Effort Score

DEN Day Evening Night

FANOMOS Flight And Noise Monitoring System

KDC Knowledge Development Centre

KLM Royal Dutch Airlines i Koninklijke Nederlandse Luchtvaartmaatschappij
KNMI Royal Netherlands Meteorological Institute i Koninklijk Nederlands Meteorologisch Instituut
LA Maximum Outdoor Sound Presure Level

LVNL Air Traffic Control The Netherlands - Luchtverkeersleiding Nederland
NA Number above

NLR Netherlands Aerospace Centre i Nederlands Lucht- en Ruimtevaartcentrum
QRC Quick Reference Card

RAAS Runway Allocation Advice System

RDT&E Research Development Test & Evaluation

SEL Sound Exposure Level

SID Standard instrument Departure

SKV Schiphol Probability Forecast - Schiphol kansverwachting

SNP Schiphol Noise Predictor

STAR Standard Arrival Route

SuUS System Usability Scale

UTC Universal Time Coordinated
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1 Introduction

This report is the final report for the p®jOG a{ OKA LIK2f b 2 A GafledvlieygelRidViegdeidig T G K S
providesinhabitants of communities around the airpdriformationthat will enable them to anticipate noise from
aircraft. The prediction horizon is 24 houfgm of the project is to investigate the development of such an app

through prototyping.

To help reduce noise hindrance, new information can be peexyito the community. Previous researfh] shows that
if people living in the vicinity of the airport can anticipate on aircraft noise sufficiently ahead initimeery likely
that they will be less annoyed whemwise eventoccur. Therefore, there is a high potential for improvement if the
public couldanticipateaircraft noise. A forecasted noise for a period of twefayr hours will be made.

New methodsdér communication may appear to be more cost effective than existing ones. Information leaflets and
written articles in newspapers have a limited distribution range and time span. Websites are been used frequently for
information provision and provide thgossibility for updates at any moment. Maintenance of the site and the need

for endusers to actively search for information is a disadvantage.

Smartphones offer a means of communication that is both flexible and easy to use. TipedidPwill investjate

the possibility for providing noise forecaaformation through a smart phone app. This will enable easy to use access
GKNRdzZZIK | af AIKGeE AYOIGSNFIOSO® 'a O2YLI NR &a2WeEralas I G KSNJ T
explain the crucial igredients for a successful predictor of complex events. Popular weather apps provide

personalised informatiomndeasily understandabledicators for probabilitypresened in avisually attractive way.

The Schiphol Noise Predictor (SNP) project theesfims to provide meaningful information on the impact of
expected noise to the general public. To this end, a Qigdlity noise forecast will be necessary, where the
uncertaintiesfrom this forecast can be easily understood. The information will beigeavas an app that can be
R2gyft2FRSR 2y (KS SyR dzaASNDa aYlINILK2ySo

The work consistef the development of the appn three elements:
1 Development of the engine, the calculation of the forecast.
1 Development of the presentation principle, based on tatest insights in communicating about noise.
1 Development of the user experience, the user interface of the app.

1.1 Consortiumand roles

The work is carried out in a consortium led by NLR. Other partners are M2Mobi and KNMI.

The work consists of developingrathematical engine for determining the noise forecast and prototyping of a user
interface for the app. The work is carried according to $teummethod in five sprints.

NLRhas been responsible for project management and development of the enginaalsti.Brings in expertise on
noise and noise experience.

M2Mobihas been responsible for application®¢rum through refining the five sprints, developing the app and for
including considerations on user experience.

KNMlIbrought expertise on presentatinand communication of uncertainty and impacts into the project.

1.2 Documentstructure



This document is organised as follows. Chaptgiv@s the general outline of the project and chapteate3ails the
design ofthe engine. Chapter 4 will discuss use experéeaspects concerning design of the contents of the app

Chapters Jjives the apglesignand 6 providean overview of the feedback from the end users (the representative
audience).

10
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2 General set up of the project

The project is called SN®hich standgor Schiphol Noise Predictor. The corresponding app is calledigggeluid
app (for aircraft noise)The work has been carried out in five sprints according to the Scrum method as will be
explained in section 2.1.

The work further consists of four partengine development, user experience design, app design and evaluation.
These elements will be further introduced in section 2.2.

2.1 App developmentc Scrum method

For the project Schiphol Noise Predictor, we used Scrum as a method for the product develoferem is an
iterative agile software developmenframework for managing product development definesa flexible, holistic
product development strategy where a development team works as a unit to reach a commbrAgeay important
principle of Scrum is its recognition that duripgoduct developmentthe aistomers can change their minddout

what they want and needAs such, Scrum adopts an evidebesedempirical approach accepting that the problem
cannot be fullyunderstood or definedt the start of the project andbbcusing instead on maximizing the team's ability

to deliver quickly, to respond to emerging requirements and to adapt to evolving technologies and changes in market
conditions.

During thedevelopment phase, the team worked in sprints of two weeksp#nt is a set period of time during which
specific work has to be completed and made ready for revigaeh sprint begins with a planning meeting. During the
meeting, the product ownemLR poject coordinator), together witlmepresentatives of Kneledge Development
Center (KDCand the development team agresxactlyupon what work will be accomplished during the sprint. The
development team has the final say when it comes to determining hastmvork can realistically be accomplished
during the sprint, and the product owner has the final say on what criteria need to be met for the work to be
approved and acceptedtach sprint provides a working increment of the software.

The process is depid inFigurel. The Product Backlog contains all open requests from the stakeholders on elements
that can be included in the product. Per sprint, at the Sprint PlagnMeeting, it is decided which of these request will

be implemented in the sprint. The sprint cycle is depicted here as 30 days, to include the planning and evaluation
meetings; the actual sprint development always takes place in two weeks. Every day, tthis development, a brief
meeting is held to align all members of the Development Team and to discuss progress and open issues.

24 h

30 days

- -

Working increment
of the software

Product Backlog Sprint Backlog Sprint

Figurel Scrum development process


https://en.wikipedia.org/wiki/Agile_software_development
https://en.wikipedia.org/wiki/Holism
https://en.wikipedia.org/wiki/New_product_development
https://en.wikipedia.org/wiki/Empirical_process_(process_control_model)

2.2 Main elements of the work

The work carried oufor the SNRoroject consists ofour parts, elaborated below.

1. Engine Design and Development

The engines a software product, whicherformsthe calculations necessary to determine tlegjuired 24-hour nosie
forecast. The engimtakes its input from externaources, such as tHive weather forecast and knowledge on the
preferential runway system, flight plans and typical noise generated by specific aircraft types.

Part of the engine was already available at the start of the project, in particular the yuforecasting system, which
was used from the RAAS (Runway Allocation Advice System) implementation for Schiphol. Other parts, i.e. the
forecastingof flights, routes and noise have been developed in the project.

The result of the engine design and dehent is a noise heatmap that is available to the app, where for each
location around Schiphol a 2ibur noise forecast can be obtained. The noise heatmap is provided through a server at
the DMZ (DeMilitarised Zone) at NLR, while all calculations are enadhe secured computing network of NLR.

2. User Experience

The user experiends the part of the project where thiatest insightsare taken into accountoncerning

communication on noise related issu&githin the SNFproject, we want to ensure thihe vlieggeluidapp is

presenting the information in a way that end users will be able to understand and to ensure an optimum effect on the
perception of what is presented.

Current insights indicate that end users want to be provided witlhiagerstanding of the number of aircraft they can
expect in a given period, together with an indication of the noise they can expect from each of these, the so called
Gy dzy o SNJ | & ke is théldoibelabove a certain level, e.g. indicated in eleqithB).

The result of the user experience ip@posal forpresentation of noise in the app, together wigti parameters and
ranges for tuning.

3. App desigrand implementation
App design is concerned witlesignand implementatiorof the user inteface of the app. This is the part of the
system, where the user will communicate with the noise forecast.

In consultation with the stakeholders, it has been decided to develop the prototype app for iOS only. Design choices
therefore are based on the iG8yleguide. Feedback from users from each sprint will be considered in the
development of following sprints.

The result of the app development is an app that can be installed from the test app store to the smartphone of end
users that participate to evahtion of thevlieggeluidapp.

4. Evaluationof the app
After each sprint, the app will be evaluated with end users. The extent of the evaluation differs per sprint and ranks
from five users who patrticipate to a hdibur interactive session to thirtysers who evaluate the app for a week.

Each evaluation has a predefined goal as defined at the sprint planning meeting and for each evaluation, a
representative questionnaire will be set up. This will result in an evaludiedgeluidapp after each spni.

The following chapters will elaborate these elements.

12
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3 Engine design

In order to determine the 2our noise forecast, a number of steps will need to be takene end user will be
situated at a certain location, somewhere in the vicinity of Amsterdarport Schiphol. A 70km. x 70km. grid will be
consideredrom where the noise forecast can be consultEédyure2 shows a googkenaps view where the user is
locatedin Zwanenburg and could request a noise forecast.
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Figure2 Location from where the noise frast can be requested

In order to determine this noise forecast for the upcoming 24 hours, it will need to be knownaivhiffic is
expected at the given location. Once eantpectedflight with its characteristicgs known, it will be possible to
determine theflight noise footprint. The noise footprint of each fligistbased on aybrid database, where eaclor
each flight the regstered from measurement or model, treveragenoisefootprint is known.The database was built
with actual flights from the year 2016, where feachgroup offlights with similar characteristicshe origin,
destination, aircraft typeand climb procedurés knownso thatnoise informationcan be retrievedThe used noise
model is the Dutch Noise Model that is used for legal computations.

The 24hours forecasted flight schedule will need to be known. Severalif@) sources providthis information, but

for the project it was decided to use an ifie schedule. Because of the repetitive flight schedule at Schiphol, a
representative week of flights can be determined for the summer and for the winter schedule. Using these weekly
schedlles, all flights for one day can be determined.

Next, it will need to be determined, where the aircraft are expected to fly in the upcoming day of operations. For this,
the active routes and active runways will be determined. The forecasted runwayetmenined using RAAS (Runway
Allocation Advice System) which considers meteorological forecast, the preferential runway dyafémdemand

and planned runway maintenance. Routes are considered from the flown tracks as registered in FANOMOS for the
year2016.

When put together, all information leads to noise heat map. Thas7i@x70 km. grid, where for each grid point the
forecasted noise is depicted. Twenty three of thbsat mapgrovide the total requested forecashote: the twenty
fourth item isthe current hour, for which current noise information will be presentbdsed on actual runway use

The steps as described above will be presented in the following sections and is depleiguaré@3 as a number of
sequentiafunctionalsteps to determine 1) the runway foreca&),traffic, 3) the routes4)the noise hat map and
finally 5 the noise at each individual poift.B. step 2 and 3 are combined in tligufe.
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Figure3 Functional steps in the noise forecast calculation (the engine)

3.1 Runway forecasting

Runway forecasting is performed using RAAS, the NLR Runway Allocation Advice System.

Aim of runway forecasting is to determitiee forecasted runway use for the upcoming 24 hours. Inputs tq tes
Figure4, are

1 The detailed weather forecasts as provided by KNMI and known by Schiphol @stilphol KansVerwachting
(SKV)SKYV provides a 3tur forecast from which the first 24 hours are used in the app. The limitation to 24
hours is an arbitrary choice; the forecast can be extended to-lac®® forecast without further
developments necessary
The preferential runway system as published in the Quick Reference Card (QRC) 25
Traffic demand
The availability of runwaydased on planned maintenance

= =4 —A

Rgnway Forecasted Runway
configuration onfiguration
Runway availability forecast

Traffic demand

Figure4 Function: runway configuration forecast

The method for runway configuration forecasting has been describ&8[8], [4] and[5] and the implementation
used for the current noise forecast forms the basis for the operational implementation of the runway forecast and
reporting systenmat Belgocontro[6].

To calculate possible runway use, the weather forecast is Udeelweather forecast determirseross and tailwind
at each runway after wibh some configurations may drop oas the wind may exceed their operational limitdish
of potential runway configurations remains. The list will be sorted in order of preference according to QRC25.
Alternative preference lists may be used when runwaresunavailable e.g. because of long term maintenafcaffic
peak periods are considered to determine whether one or two runways should be used for landing-offiaie
weather related input is probabilistigvhich, when taken into consideration,dds to a sorted list of runway
configurations with a probabilitfor each configuration. An example is giva Figureb.

14
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KANSEN BAANCOMBINATIES

Last update: Short term: L0652 UTC  Long term: 10310 UTC
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Figureb5 Example runway configurations with probabilities, indicated per hour

Next, a hybrid method based on empirical data from historical choicesaatifitial intelligenced rule based

approach is used to determine the most probable runway configuratiorisThdone for every hour of the Z¥bur
forecast.When looking at the example above, at 08:00 (the first coloured column), it is reasonably clear that the
configuration 06-/ 36L 36C, with a probability of use of 99%, will be selected; however, thevfiejanorning at
09:00 a more complex mechanism for making this choice will be necessary asZBRBL has a probability of use of
74%, while the less preferred configuration 2724 27 has a probability of 99%.

The runway configuration transitionsed in SNRFor the 24hour forecastwill be based on the exact momeas
defined inthe QRC25%.g. the inbound to outbound peak in the morning takes place at 09:40 UTC.

Aprobability in runway configuration forecasting may be includtethe result of therunway forecastThe probability
depends on theyuality of the weather forecast and the quality of the hybrid runway selectignradhmandcan be
used in SNP to explain the end user the uncertainty in the noise forecast.

3.2 Route forecasting

Aim of route brecasting is to determine what route will be used for each of the flights. Inputs to this are the routes
that have been used in the past period, taken from the 2016 FANOMOS database. Routes are defined for flights from
each possible runway, so a set ofites from and to each runway will be the result of this step. Inputsaardepicted
in Fout! Verwijzingsbron niet gevonderas follows:

1 Flight origin

1 Flight destinatin

1 Runway configuration inse

1 SIDs/STARs

Forecasted Runway
Configuration

SIDs/STAR

Forecasted Traffic
on routes

Route
forecast
Flight schedule

Figure6 Functio #2: Traffic and Route Foeest

For eactpossiblerunway configuratiorand each possible flight, based on historic data, the routes used in the past are
collected.



The FANOMOS database contains all flights as performed in the year 2016. From this database, the usual routes taker
by each individual flight can be extracted, resulting in a list of routes. Per runway configuration, the route will be
different, e.g. a ftiht to New York will fly the north route when taking off from the Polderbaan and fly southbound

when taking off from the Kaagbaan. The result of h&l2 dzi S F2NB Ol aié¢ Fdzy QG A2y A& |
the runway configurations.

3.3 Traffic farecasting

Aim of traffic and route forecasting is to determine what flights will be performed at what moment.

For each forecasted runway configuration in the upcoming 24 hours, the expected traffic is determined, based on a
standard flight schedulélo nake an estimation of the expected traffic around the airport, a flight schedillde
necessaryhat at leastdetailsthe time of arrival/departurethe origin (for arrival traffic) or destination (departure

traffic) and aircraft type for each individuflight. A detailed flight schedule for Amsterdam Airport SchigA&\Sfor

the upcoming 24 hours is currently not available through open sotirtee websites from AAS/ww.schiphol.nband

from teletekst, http://nos.nl/teletekst#758/ http://nos.nl/teletekst#759 offer full flight information for the airport,

but do not facilitate ugto-date information on delaysviore information on delays can be found at
http://spottersplatformschiphol.nl/timetable/ but still not everything is covered here. A better source would be to
use the ACDM (Airport Collaboteve Decision Making) information from the airpayfor the upcoming two hours,

the information is fully up to date and for the longer time span, some updates will be already available.

Under the assumption that airlines use weekly schedwlesinvestigatedto use a representative week instead of
usinglive information. This means that one week of traffic is captured and used as traffic sample for the flight
schedule in determining traffic on each roufighis representative week can be obtained from eitlof the
aforementioned websites or from one live registered week in FANOM®&ntage of the latter approach is that
FANOMOS registers takdf times and no additional calculations for taxi times will be necedsany the offblock
and onblock times dthe other sources

Evaluation of the representative week with half a year of FANOOBwinter schedule) has been performed

through counting each flight number in this peridedgure7 shows the first part of the list of all flights performed in

the period.Week number 1 was the representative week and thenweek number (columa 0 A G Aa AYyRAOF
what flights hae beenperformed. The final column counts the numberogicurrences

The table shows the change from winter to summer schedule in weekhielrepresentative week must be updated
with the summer/winter scheduldt canalsobe seen that KLM1009 has notésecarried out in week 3; the
motivation for this cannot be obtained from the table.

Further looking at the callsigns shows that each flight is performed at around the same time each day. Through
evaluating the flights in FANOMOS and comparing thesethtin actual schedule times, delays of several hours and
early arrivals/departures of up to half an hour occur. However, the mean deviation from the flight schedule is 6
minutesduringthe evaluation period, which is consistent with the Schiphol punctualdim.

1 At the moment of producing this report, the Flight API (Application Rrogning Interface) is available. This was after producing the SNP prototype software.
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weekday 1 T
comp KLM T
arrdep (all) -

Countofid  Column Labels

Row Labels ~ 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 GrandTotal
KLM1000 11111111111 1111 11111 1 1 1 1 1 1 26
KLM1001 11111111111 1111 11111 1 1 1 1 1 1 26
KLM1002 111111111111 11111 1 11 1 1 1 1 11 26
KLM1003 1 1111111111111 11 1 1 1 1 1 1 1 1 1 25
KLM1010 1 i1 1111 1111 11 111 1 11 1 1 1 1 1 1 25
KLM1011 11 1 1 1 1 1 1 1 1 1 1 12
KLM1012 111 11 1 1 1 1 1 11 12
KLM1017 111111111111 11111 1 11 1 1 1 1 11 26
KLM1018 11111111111 1111 11111 1 1 1 1 1 1 26
KLM1021 11111111111 1111 11111 1 1 1 1 1 1 26
KLM1022 11111111111 1111 1 1 1 1 1 1 1 1 1 1 1 26
KLM1023 111 11 1 1 1 1 1 11 111 1 1 1 1 1 1 1 1 11 25
KLM1024 11 1 1 1 1 1 1 1 1 1 1 i1 1 1 1 1 1 1 1 1 1 1 1 25
KLM1025 i1 1 1 1 1 1 1 1 1 1 1 1 1 14
KLM1026 i1 11 1 1 1 1 1 1 1 1 1 1 14

Figure? Flights performed in week 2 to week 27

In a further analysis, the traffic sample of the representative week has been used and compared wittutl&affic

in the following weeksA maximum of 9% deviatidnom the 7525 flights from the representative wedlasbeen
registered. The table shows that the number of flights is slightly increasing over the year, indicating that it may be
interesting to update the representative schedule more often than two timasyear;for examplean update of the
representativeweek in week 7 would have led to a maximum deviation of 5%.

™ Forecasted

M Realized

Numberof Flights

- 888888

‘Week number

Figure8 Forecasted vs. realised traffic based on the representative week

This analysis shows that traffic &thiphol contains a strong repetition each week. Because of this, a representative
week provides sufficient quality for determining forecasted traffic. An update of the schedule will be necessary at
least twice a year with the start of the summer and winsehedules. More often would provide higher quality.

Result of the flight schedule becoming available is that we now create the possibility to forecast each individual flight
for the upcoming 24 hours. When combined with the runway allocation forecakttanroutes forecast, we now
know exactly when to gect an aircraft at each location around Schiphol.

3.4 Generation of the noise heatmap

Aim of the noise heatmap is to generate@mplete picture of the noise situation around Schiphol for every hour
within the forecasting horizorinput for thisis the information on forecasted traffic situation at each moment (each
individual flight with its characteristicsee sectior8.3) and information on the noise generated by each flight. The
latter information will be obtained from the hybrid databaas assembled by NLRorresponding information flows
are depicted irFigure9.



Forecasted Traffic
an routes

Forecasted noise

Noise
heatmap

forecast

Noise database

Figure9 Function #3: NoisEorecast

The noise database used is the hybrid database, which contairsafimelated noise profiles on basis of empirical data
(radar and flightnovements), complemented with noise profiles from modelled data to get an improved noise profile
that contains the standard deviations from the default flight paths. Noise profiles have been determined for clusters
of flight movements with similar charaaistics. These characteriss are runway, routesioise category (VVC code),
flight profile (airline, weight category, flight distancehd period of the day (DENYoise profiles of thé&chiphol
registrationyear 2016 have been used (from November 1,32t October 31, 2016).

To generate the noise heatmap, for each forecasted flight, its contribution to the noise around Schiphol is determined.
Noise calculations are carried out according the Dutch calculation rules, with application of appen#iGeElights
within a grid of 70km. x #n. around Schiphol are considered with a grid size of 500m. x 500m.

Information in the grid can be calculated in SEL alafd ndicated values in the heatmap may be presented in
dB(A) or NA (Number Above), i.e. tiiember of flights in different, possibly in weighted noise categois®ry point
in grid thus contains for each time period (one hour):

1 Location

1 Number ofmovements (can be divided into categories)

1 Cumulative noise level (SEL ombA

1 Reliability

Figurel0gives an example of a heatmap, where ,N#\presented as weighted values in three categories: low noise

level = 5565dB(A); medium noise level =-85dB(A)high noise level = 75+dB(A). Weights are given to the three
categories as 1 (low), 2 (medium) and 3(high). The example is from 16 december 2014,6160Bours.

SNP predictie
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o=
480
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470
4860
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X,RD

Figurel0 Example heatmap with weighted values
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4 Userexperience

To present the calculated noise to the end user, a suitable format will be reqdinedresult of this work is a
presentation of noise in the app, together with all parameters and ranges for tuning

4.1 Representation

Themost commonly used indicatin of noise is tgresentvalues in dB(A)nits. The Aweight considers the sensitivity

of the human ear for the pitch of the noise. This noise level provides a quantitative measure that can be considered as
an objective value. The dB(A) measure is oftsadufor providing an indication of the total amount of noise that can

be expected at several locations around e.g. an airfield for a given period, usually a year. Disadvantage of the use of
the unit is the exponential scale on which it is used, makingfficdlt to understand for the user, specifically when

this concerns a small number of summed events (which is the case in our hourly traffic forecast).

I y2AaS NBLNBaSyidldAazy GKIFG Aa 38 GNunfbar abogeNskelativéi G Sy G A 2y

YSIF&dzNB (2 | ydzYoSNI 2F S@gSydGa 2F (GeL)S dE£&d Ly 2dz2NJ &Ad
The minimum noise level considered for an aircraft to be relevant is 55 dB(A), so we will consider the measure
NAesds(a)

4.2 SEL or Ly

Each flight will need to be represented in the presentation through a noise level. For this, several measures are
available.

First tests with the use of SEL (Sound Exposure Level) appeared to provide noise levels that could not be understood
by the erd user. During the evaluation, end users indicated they did not recognize the noise levels as indicated in the
appas compared to the noise they actually experiences

Therefore, ithas beerdecided to use L#xas indication for the noise level at eachdgpoint for each flight. Lfsxis
the maximum noise that is generated by edlitpht at the given grid point.His means wavill count each flight that
generates an LAxof 55dB(A) or higher at each point on the grid.

To make a distinction between relatly quiet and relatively noisy flights, three categories have been defined for:
1 55 dB(A) to 65 dB(A)
1 65dB(A)to 75 dB(A)
1 75dB(A) and higher

The noise levels are consideras suctfrom commonliterature on the topig but also based on actual experience with
overflying aircraft at @est location in Zwanenburg.

4.3 Noise accumulation

The total number above (NA) will be dispaat the appper time interval The duratiorchosen foreachNArinterval

will be one houy butit needs to be noted that thimterval could be changed, e.g. to twenty minutes, which would
better represent the runway changes at the airparhe choice for the onaour has been made to allow the use 24
items in the scroll list; when using a 20 miniteerval, the list would extent to 72 items and probably be too long.



Each contributing flight to one of the three categories as mentioned in seEbait! Verwijzingsbron niet gevonden.
will be couned as one occurrence. This will result in a depiction of traffic as indicateidunell.

¥ Luide wlieghugen

21
oy Gomsddebd vispgiuigaen

all

W Geludiarme visghuigen
2 1

Figurellindication of NAat the app

Apart from the NAindication for each category, the app will provide a graphical presentation of the accumulated
noise for a given period.

4.4 Graphical presentation

The graphical presentation of noise will be based on the wedjhum of the intensitgylow noise, medium noise, high
noise) Weights can be given to different categori€sgurel2 examineweightsfor low, medium, higtasrespetively
1-1-1, 1-2-3, 1-5-10 and 0.10.2-1. Thegraphsshownin the figureconcern a traffic sample of 12 December 2016 at a
location in Hoofddorp with aeasonable amounof traffic. Note the €ale on the yaxis isnot fixed but differs per
graph in the fyure

1-1-1 weight

1-2-3 weight

1-5-10 weight

18 0.1-0.2-1 weight

0 s 10 15 20

Figurel?2 Different weights for the three categories
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It can be concluded that the shape of the graph does not change with the different weights. The (departure) peaks can
be recognised in each of the graphs. The heighhefpeaks differs with more or lessight to the high noisevents;
therefore, we decide to use the-2-3 weight distribution as this gives a good indication of the noise.

Fve differentlocationsaround Schiphol have been investigated, usif§y3weights, where the highest event at
Hoofddorp is 96 (see figure abov&yhen setting a fixed scale in the app, this can be done at 100.

Locations extremely near the runways will becoafiescale and shald be truncated at the value 100.

4.5 Presenting uncertainty

As we are dealing with forecasted information, the inherent uncertainty will need to be indicated to the end user. This
Oy 68 R2yS GKNRdzAK | GSEG YSaal 3% ehdiuseristrds thé 8oy or duding NR A Y
use of the app. The text message does not have preference as this is momentary information that might get lost when
the end user does not read the information well.

The use of information on the uncertain character of the information will be relevant for creladisig for acceptance
of the app in case of uncertainty in the forecast.

The information on uncertainty in the proposed graph presentation may be presestedplume, similar to a
weather forecast (with uncertainty in tengpatures for the upcoming days)s percentage caisqualitative
AYF2NXIGA2Y tA1S GaKAIKEE LINRPoOoloOofe&ed

A plume will not work in this case, because the uncertainty has not a normal digribdepending on whether a

runway is used or not, there can be for example loud noise or no noise at all on a certain location, with no possibility
2F GYSRAdzY y2AaSé¢ Ay 0SisSSyo ' aSN) FTSSRol O préddeRRin a K 2 &
LISNOSyiGF3aS R2SayQi 62N)] SAGKSNY ¢KS YSIyAy3a 2F (GKS LIS
perspective for action, which is needed to be able to do something with the information (e.g.: if the chance on
precipitation is 70%, sneone can choose to takebus rather than go by bike;chance of 70% on a certain level of
y2AaS R2SayQi KIFI@S lyeé LISNARALSOGAGS F2NI I OGAz2yo o

This leaveghe possibility of qualitative uncertainty information:

A. Presenting relative uncertainty in runwage
The presentation ifrigurel3 avoids the use of percentages and gives also information about runways which
are certainnot to be used (green). Espially that information gives perspective for action, for example to
organise a garden party.

Baan waarschijnlijk niet in gebruik

Baan zeer waarschijnlijk in gebruik

Baan waarschijnlijk in gebruik

Baan kan gebruikt worden, maar is minder
Waarschijnlijk

—>——— Baan gebruik voor landen
— = Baan gebruik voor stijgen

A

Figurel3 Presenting uncertainty in runway use

B. Marking highly uncertain noise forecasts



All noise forecasts, for everyne interval, are accompanied with uncertainty. However, in some cases,
uncertainty is much higher, for example with high north westerly wind speeds. In those cases, the decision
for runway use is made at the last moment and the forecast could be totatlpgviThe information given on
forehand on the highly uncertainty of the forecast will give more acceptance if the forecast indeed appears to

be wrong. The highly uncertain forecast can be marked, e.g. with a red sym-lpl, as indicated irFigure
14.

woeee ® R

3050 CM, Amstorcam

Figurel4 Highly uncertain forecast
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5 App design

5.1 Creative session

Prior to the actual development, M2mobi held a creative session to present and discuss different concepts of
presenting a forecasted noisBigurel5 showsan overviewof the different concepts that have been discussed in this
creative session.

Figurel5 Conceptsliscussed at the creative session

The concepts discussed show different elements that have been discussed during the sestoms hlive been
included in the backlog of the project. Per sprint, in consultation with the Product Owner and all stakeholders, it was
decided what elements would be further considered and implemented in the phase of the work.

5.2 Representation

Based on thdéeedback provided by all stakeholders during theative sessionM2mobiproposed a design as shown
in sprintl in the imageof Figurel6. This has been the first @l design that has been develegby the development
team.

Each sprint was concluded with a usability test. Small tests with 5 independent end users were held after sprints 1, 2
and 4, while &er sprints 3 and 5a usability test with a user group o®3isers has been held in order to define which
direction the design and technical requirements should gdAtbfeedback from these usabilitgsts has beermerged

with the findings of the stakeholdeend the results from the evaluation of the enginemére in depth report of

these findings is provided in Chapter 7.

The evolution of theresulting app presentation following theprintsis given in the remainder ¢figurel6. Main
elements (feedback and evaluation) on which decisions for the design are maadebeen

























































