&
S

USER GUIDE

AEM-KERNEL

Document information

Project AEM-KERNEL
Document Name User Guide
Document identifier T07/22317TC/C1107/05
Version 2.26
Version date 19/03/2013
Status Draft
Classification internal use
Filename User_Guide_ AEM_KERNEL.doc
Owner
Ted Elliff EUROCONTROL

Contributors

NET members




: AEM-KERNEL Date: 19/03/2013
N°: 2.26
User Guide
T Status: Draft
DOCUMENT CONTROL
Approval
Role Organisation Name Version Date & signature
Document owner EUROCONTROL | Ted Elliff
Contract manager EUROCONTROL | Ted Elliff
Functional manager | EUROCONTROL | Ted Elliff
Project manager EUROCONTROL | Ted Elliff
Version history
Justification - Could be a
Version Date Status Author/s reference to a review form or a
comment sheet
0.1 09/10/2008 DRAFT James Smith Creation of the document
1.0 10/31/2008 DRAFT James Smith Final Draft
1.1 01/26/2011 DRAFT Frédéric Beugnies Update of figures
1.2 03/30/2011 DRAFT Frédéric Beugnies Changed document name
AEM-C renamed to AEM-KERNEL
2.0-2.3 08/25/2011 DRAFT Alexander Duytschaever Add GUI documentation
some corrections and additions in
Lib documentation
2.4 14/11/2011 DRAFT Alexander Duytschaever --headers option
25 14/11/2011 DRAFT Alexander Duytschaever Airport TIM headers
2.6 14/11/2011 DRAFT Alexander Duytschaever Add reference tables
2.7 25/11/2011 DRAFT Alexander Duytschaever Unit of start/end fuel flow
2.8 12/01/2012 DRAFT Alexander Duytschaever LTO calculations
replace ‘leg’ with ‘segment’
29 19/01/2012 DRAFT Alexander Duytschaever Missing segment generation
2.10 02/02/2012 DRAFT Alexander Duytschaever AEM-PC import
2.11 14/02/2012 DRAFT Alexander Duytschaever Attitude auto detection
2.12 16/02/2012 DRAFT Alexander Duytschaever SO6 time format
2.13 20/02/2012 DRAFT Alexander Duytschaever Add attitude detection logic
2.14 12/03/2012 DRAFT Alexander Duytschaever Improvements after 2.2.1
Remove reference to DEFAULT
engine.
2.15 05/06/2012 DRAFT Alexander Duytschaever Update from observations on 2.2.2
2.16 06/06/2012 DRAFT Alexander Duytschaever Update header and footer
2.17 18/06/2012 DRAFT Alexander Duytschaever Change Word paragraph style of a
few paragraphs

- Page 2 of 59 -

internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.
© Copyright 2012 — All Rights Reserved.




: AEM-KERNEL Date: 19/03/2013
N°: 2.26
User Guide
T Status: Draft

2.18 03/07/2012 DRAFT Alexander Duytschaever Log files, screenshots
2.19 30/07/2012 DRAFT Alexander Duytschaever CLI environment variables
2.20 13/08/2012 DRAFT Alexander Duytschaever Word TOC issues

221 10/09/2012 DRAFT Alexander Duytschaever -V option

2.22 07/02/2013 DRAFT Alexander Duytschaever Various improvements
2.23 15/02/2013 DRAFT Alexander Duytschaever Taxi time definition

2.24 18/02/2012 DRAFT Alexander Duytschaever Grouping issues

2.25 05/03/2013 DRAFT Alexander Duytschaever SAAM adaptations

2.26 19/03/2013 DRAFT Alexander Duytschaever Geo clipper

- Page 3 of 59 - internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.
© Copyright 2012 — All Rights Reserved.



AEM-KERNEL Date: 19/03/2013
. N°: 2.26
v User Guide

Status: Draft

DISTRIBUTION LIST

Company Contact

- Page 4 of 59 - internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.
© Copyright 2012 — All Rights Reserved.




: AEM-KERNEL Date: 19/03/2013
N°: 2.26
User Guide
T Status: Draft

- This page is intentionally blank -

- Page 5 of 59 - internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.
© Copyright 2012 — All Rights Reserved.




: AEM-KERNEL Date: 19/03/2013
) N°: 2.26
v User Guide

Status: Draft

TABLE OF CONTENTS

L ST OF TAB LES . ..o e e ettt e e e e e e e et e e e e e e e e e e e e e e e e eee e reens 8
LIST OF FIGURES ... ..ottt ettt e e e e e e e e ettt e e e e e e et e et s e e e e eesaaba e eeeeesesbaanranss 8
1 INTRODUCGTION ..ottt ettt e e et et e e e e e e e e st e e e s s eessabaseeesenessranns 10
1.1 PURPOSE OF THE DOCUMENT .1.ttuiittiitteitiesettestetstestnesseestessnesstnsesstessnesssnsersnessnnns 11
1.2 DEFINITIONS, ACRONYMS AND ABBREVIATIONS ...vuiiitniitiieitieeetiertneesneeeteeeneesneersnesssnnns 11
1.3 APPLICABLE AND REFERENCE DOCUMENTS .. .ccvuuiiittieeeietieeeeeeteesesaeeeeatneeesesnessssnneeseees 13
1.3.1 PY o] o] 1Toz= 1] (=T ool N ] 4= o SRR 13
1.3.2 RETEIENCE DOCUMENES ...ttt e e e e e et e e e e e s eeabaaaeeeeaeees 13

2 SYSTEM OVERVIEW. ..ottt ettt ettt e et s e e e e e e et e e e e e e s e e aaaa e eeas 14
2.1 GENERAL CAPABILITIES .1t ttttiitteitt et e et e et et ea st s st s e bt s st s s sb s e st e sanessbasesaesanssaneees 15
2.2 SPECIFIC FEATURES ..uuiitt ittt e ettt e e et et e et e et s et s e st s s s s e bt e s b s e sbeesassaaesanseeas 16
221 AEM-PC iMPOrt FEALUIE........eiiiiiiiii it 16
2.2.2 MiSSINg SEgMENT GENEIALION ......coii ittt 19
2.2.3 LTO time replaCcement ..........oooi oot 20
224 (181118 ae] (o]0 o] a o [ TP URTTTO 20

3 INSTALLING AEM-KERNEL ...cutuuiiiiiiiiiiiee ettt e e e e s e eabaas e s e eeaenes 22
4  CONFIGURING AEM-KERNEL ......coutttiiiiiiiiieee et e e vaaa e e e e e s e eeaaaas 27
41 STATIC DATA TABLES ..ctt i eeeet ettt e ettt e e et e e e ete e e e et e e e et e e s et e e e eaba s eseaaaeesstaneeeennaeees 27
4.1.1 BADA Data: ACT_PRF.BADA FUEL _BURN.Xt.......ccoooiiiieeee e, 28
4.1.2 ICAO EED Data: ACT_PRF.ENGINE_LTO_VALUEStXt .ccovveeeviiiiiiiieeeeeen, 28
4.1.3 Aircraft Engine Mix Data: ACT_PRF.aircraft_engines.txt...........cccccceveeeeviinnnns 30
41.4 Airport Time-in-Mode Data: APT.airport_time_in_mode.txXt ...........ccccverernnnen. 31
4.1.5 Taxi times: AEROZK LADIE ......... it a e 31
4.1.6 System Constants: AEM.CONSTANT_PARAMS.tXE......ccocvvveveeiiiiiiiiieeceeen 32
4.1.7 VOCTOG Constants: AEM.VOCTOG_CONSTANTS.tXt ....ccooviiiriiiiieieeeieins 33
4.1.8 ICAO Standard Atmosphere: AEM.STANDARD_ATMOS.Xt ...cvvveeiiivireeneen. 33
419 Aircraft SPecCific LTO tIMES ..ottt 34
4.1.10  Airport static data: APT.airport_data.tXt.......cccccceeiiiiiiieiiee e, 35

4.2 [T 1y 7 T = 35
4.3 (@ TU =IO - NN ol T =S 37

5  RUNNING AEM-KERNEL ..ottt e e e e et s e e e e e s eeaba e e e eeeeees 40
5.1 [ T3 N N 40
5.2 I3 1= O I TR 40
5.2.1 Command-liNE ENVIFONMENT. .......uiiiieee e e et et e e e e e e s e e raaaa s 40
5.2.2 CommaNnd-liNg OPLIONS ......cciiiiiii i 41
5.2.3 EXAMPIE .. 43
524 RETUIN VAIUE ..ot e e e et e e e s 44

5.3 BN 11 TN 44
5.3.1 USING the GUI ..o e e 44
5.3.2 SHUAY A ...cce e 45
5.3.3 (@] 0110 g TS31 7= o PR 47
5.34 Advanced OptioNS taD ..........coiiiiiiiiiir e 49
5.3.5 Reference tables tab............cuuuiiiii e 51
5.3.6 [ 1= oI 7= L S 53
5.3.7 AEM_Gui . ini configuration fil€..........ccooooiiiiiiiiii e 53

5.4 THE GEOGRAPHIC CLIPPER TOOL 11uiiitiiittiiitieiitetieiiteeeteesiaesanessnesssesstessnesstsessessnns 54

- Page 6 of 59 - internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.
© Copyright 2012 — All Rights Reserved.




: AEM-KERNEL Date: 19/03/2013
) N°: 2.26
v User Guide

Status: Draft

54.1 10T 010 1 0= =T o 1o o TR 54
5.4.2 1L =T 1T JST =Tt o ) o 1P 57
- Page 7 of 59 - internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.
© Copyright 2012 — All Rights Reserved.




: AEM-KERNEL Date: 19/03/2013
N°: 2.26

User Guide
Status: Draft

LIST OF TABLES

Table 1 : Specific terms and aCrONYMS ........cceviiiviiiiiiiiiieeeeeeeeeeeeeesreesresrreeereerrar—. 13
Table 2: AEM-PC traffic file format............ooovoiiiiiiiiiiieeeee 17
Table 3: AEM-PC flight file format.........cooooriiiii e 18
Table 4: AEM-PC attitude Mapping........c.ceevvieiiieiiiiiiieeiieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaaeeeees 19
Table 5: Invalid SOB6 OULPUL VAIUES .........oeiiiiiiiiiiiiiiiiiie e 20
Table 6: data aggregation ............oeiiiiiiiiiiiieieeee ettt enenrnennee 21
Table 7: Description of BADA static data file ............cccccevviviiiieeee 28
Table 8: Description of ICAO EED static data file.............ccccovvvvvvieviieeiieeiieeeeevee, 30
Table 9: Description of aircraft-engine static datafile ............ccccooeeviieviiiiieee, 30
Table 10: Description of airport time-in-mode static data file.................cooevvviiennn. 31
Table 11: Description of AERO2K static data file.............cccceevvvvvviiiiiiiiieee, 32
Table 12: Description of the AEM-KERNEL system constants static data file........... 33
Table 13: Description of the AEM-KERNEL VOCTOG constants static data file....... 33
Table 14: Description of ICAO standard atmosphere static data file ......................... 34
Table 15: Description of the Aircraft_Specific_Time_in_mode.txt table..................... 34
Table 16: LTO TIM type VAlUES ......coeoiiiiiiieeieeeeeeeeeeeee ettt 35
Table 17: Airport Static data ...........oeiiieiiiieicie e e 35
Table 18: Description of AEM-KERNEL input text file.............cccceeiiiiiiiiiiee 37
Table 19: Description of AEM-KERNEL output text file ..........ccccvviii 40

LIST OF FIGURES

Figure 1: AEM-KERNEL Abstract System Model...........cccccceeiiiiiiiiiiiiiieeeieeeee 14
Figure 2: AEM-KERNEL Fuel Burn Calculation Methodology................eeveeveeeiiienennnes 15
Figure 3: AEM-KERNEL Emission Calculation Methodology............ccccvvviviiiiiiiiiinnn. 16
Figure 4: Installer Splash SCreeN ... 22
Figure 5: InStaller WIzZard ...............uueeiiiieiiiiiiii e 23
Figure 6: Installation folder SeleCtion..............coovvriiiiiii e 24
FIgUre 7: INSTallation...........uuueiiiiiiiiiiiiiii s 25
Figure 8: INStallation PrOgreSS..... .. i uuuuueiiiiiiiieiiiiiiitiniiineee e 26
Figure 9: Installation completed ..............ooiiiiiiiii s 27
Figure 10: On-screen results from eXample FUN..........cccccieis 43
FIgure 11: StUAY taD......oooiiiii e 45

- Page 8 of 59 - internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.
© Copyright 2012 — All Rights Reserved.




: AEM-KERNEL Date: 19/03/2013
) N°: 2.26
v User Guide

Status: Draft

FIgure 12: OPLioNS tAD.......uuiiiiiiiiiiiiiiiiii s 47
Figure 13: Advanced OptioNS tah .............uueiiiii 49
Figure 14: Reference tables tab............oooiiii i, 51
FIgUre 15: Table VIEWET .........uuiiiiiiiiiiiiiiii s 52
Figure 16: Help tab........ooo e 53
Figure 17: Geo tool - iNput SECHION, SOB.........uuuuiiueiiiiiiiiiiiiiiiieiiiiieeeneeeneeeeeenenne 55
Figure 18: Geo tool — input section, AEM-PC ...........cooiiiiiiiiiien i 56
Figure 19: Geo tool - filtering SECHON .........uuiiiiiieiiiiiiee e 57

- Page 9 of 59 - internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.
© Copyright 2012 — All Rights Reserved.




: AEM-KERNEL Date: 19/03/2013
) N°: 2.26
v User Guide

Status: Draft

1 INTRODUCTION

AEMIII, EUROCONTROL's aircraft emission calculation tool, is one of only four
methodologies which are currently undergoing peer review by ICAO’s Committee for
Aviation Environmental Protection (CAEP) and is on track to be fully recognised by ICAO
in 2008 as a recommended means of assessing fuel and emission impact of air traffic
operations.

AEMIII has been developed in three separate versions. The original AEMIII PC version
was originally designed by the EUROCONTROL Experimental Centre’s SEE Business
Area (Society, Environment & Economics) as a Microsoft Access application and has
since been continually enhanced and improved (the most current version is AEM Il PC
v1.6.2). AEMIII PC calculates emissions (CO,, H,0O, SO,, NO,, HC, CO, VOC, TOG) and
fuel burn based on precise flight profile information which is combined with more detailed
information about aircraft fuel flow and specific engine emissions both for LTO and cruise
flight phases. In addition, AEMIII PC also calculates Particulate Matter (PM) emissions.
AEMIII PC contains a large number of Aircraft-Engine combinations covering the large
majority of the aircraft fleet operated worldwide. It provides estimates of the fuel burn and
gaseous emissions of flight operations and is able to analyse flight profile data, on a
flight-by-flight basis, for air traffic scenarios of almost any scope (from local studies
around airports to global emissions from air traffic (see references [4] — [9]).

The second version, AEM BATCH, was designed to integrate the functionality and
methods of AEMIII PC into PAGODA (Pan-European Aviation Gas On-Line Data
Analysis), a web-based application linked to the PRISME Oracle data warehouse hosted
by EUROCONTROL Headquarters. The AEM BATCH version was written with PL/SQL
functions and procedures and as Java Stored Procedures. PRISME provides detailed,
sustained, consistent information on air traffic movements within Europe. Flight profile
information for AEM BATCH is contained within the PRISME data warehouse, although
external text files can also be used (see references [10] — [12]).

The latest version, AEM-C was written in C++ as a conversion from AEM BATCH. The
purpose of creating the AEM-C version was to improve the performance and portability of
AEM BATCH and to incorporate the fuel burn and emission calculation functionality of
AEM BATCH into the EUROCONTROL aerospace modelling tool SAAM (System for
Airspace Analysis at Macroscopic Level) which is used for the design, optimisation,
visualisation and analysis of airspace structures and route networks. As part of this
conversion, text files were used by AEM-C instead of Oracle for the static data input.

After the development of AEM-C, a validation report was completed comparing the
results of AEM-C to AEM BATCH. This report presented a series of conclusions and
recommendations (see reference [13]). A Requirements Definition Document (see
reference [2]) was produced outlining the specific changes required to AEM-C based
upon theses series of recommendations. Further, an Architecture Design Document (see
reference [3]) documenting the software architecture of AEM-C was completed.

AEM-C has eventually been renamed to AEM-KERNEL. The latter name will be used
throughout this document to refer to the application.

An AEM KERNEL installation also provides, in addition to the command line application
(CLI), a Graphical User Interface (GUI) application that facilitates the use of the tool.
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Command line and GUI application share the same computation library, so the
computation methods used in both applications are equal.

1.1 PURPOSE OF THE DOCUMENT

The purpose of this document is to provide a guide to the user for running AEM-

KERNEL (command line and GUI version).

1.2 DEFINITIONS, ACRONYMS AND ABBREVIATIONS

Terms/acronyms Definition
AEM Advanced Emission Model
AEMGrid Gridding Module for AEM
ARP Airport Reference Point
ATM Air Traffic Management
BADA Base of Aircraft Data
BM2, BFFM2 Boeing Method 2, Boeing Fuel Flow Method 2
CAEP Committee on Aviation Environmental Protection
CFMU Central Flow Management Unit
CLI Command Line Interface
CO Carbon Monoxide
CO; Carbon Dioxide
CONTRAIL TEA Contrail calculation routine
EATM European Air Traffic Management
EEC EUROCONTROL Experimental Centre
EEC-BM2 EUROCONTROL Experimental Centre modified Boeing Method 2
EED ICAO Engine Emission Databank
EPA Environmental Protection Agency
EPISODE 3 Validation Activity of SESAR
FUR Functional User Requirements
GHG GreenHouse Gas
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Terms/acronyms Definition
GUI Graphical User Interface
H.O Water Vapour
HC Hydrocarbon
ICAO International Civil Aviation Organisation
LIB Library component of AEM-Kernel
LTO Landing and Take-Off cycle
NCAR National Center for Atmospheric Research
NOx Nitrogen Oxides
MM5 NCAR Numerical Weather Model Mesoscale Model 5
PAGODA Pan-European Aviation Gas On-Line Data Analysis
PAH Polycyclic Aromatic Hydrocarbons
PL/SQL Oracle Programming Language / SQL Language Extension
PM Particulate Matter
POM Particle-bound Organic Matter, Polycyclic Organic Matter
PRISME Pan-European Repository of Information Supporting the Management of EATM
SAAM System for Airspace Analysis at Macroscopic Level
SEE Society, Environment, Economy
SESAR Single European Sky ATM Research
SFC Specific Fuel Consumption
SOx Sulphur oxides
SR Software Requirements
TEA EUROCONTROL's Toolset for Emission Analysis
TEM Total Energy Model (see BADA)
TOG Total Organic Gases
VOC Volatile Organic Compounds
WISDOM World Interconnected Sources Database of Operational Movements
WRF NCAR Weather Research and Forecasting Model
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Terms/acronyms

Definition

UML

Unified Modelling Language

Table 1: Specific terms and acronyms

1.3 APPLICABLE AND REFERENCE DOCUMENTS

The main documentary source for this project is listed in section 1.3.1 (Applicable
Documents). Section 1.3.2 contains a list of relevant references material.

1.3.1 Applicable Documents

Ref. Document Name

[1] AEM-C Contract Amendment Document Request for Amendment to Contract:
T07/22317TC/C1107/05

[2] AEM-C Requirements Definition Document RDD_AEM_VIERT_v1.0.doc

1.3.2 Reference Documents

Ref. Document Name
[2] AEM-C Requirements Definition Document RDD_AEM_VIERT_v1.0.doc
[3] AEM-C Architecture Design Document ADD_AEM-C_v1.0.doc
[4] AEM 1l PC User Guide AEM3UserGuide_v1.6
[5] Advanced Emission Model (AEM3) v1.5 Validation | EEC Report EEC/SEE/2004/004
Report
[6] Appendices to Advanced Emission Model (AEM3) | EEC Report EEC/SEE/2004/004
v1.5 Validation Report APPENDICES A, B and C
[7] Advanced Emission Model (AEM3) v1.5 Validation | EEC Report EEC/SEE/2004/012
Exercise #2
[8] Advanced Emission Model (AEM3) v1.5 Validation | EEC Report EEC/SEE/2006/005
Exercise #3
[9] Advanced Emission Model (AEM3) v1.5 Validation | EEC Report EEC/SEE/2006/007
Exercise #4
[10] | AEM Batch ADD PAGODA Phase 2 - AEM BATCH Architecture and
Design Document
[11] | AEM Batch SRD PAGODA Phase 2 - AEM BATCH Software
Requirements Document
[12] | AEM Batch FURD PAGODA Phase 2 - AEM BATCH Functional User
Requirements Document
[13] | AEM-C Validation Report AEM-C version versus AEM-Batch (Oracle) version:

comparative analysis
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2 SYSTEM OVERVIEW

EUROCONTROL's Advanced Emissions Model Il tool has evolved along its lifecycle
from an experimental R&D tool to an almost mature software product. The Advanced
Emission Model Il series of products (AEM Il PC, AEM BATCH and AEM-KERNEL) is
used to estimate aviation emissions (CO,, H,O, SO,, NO,, HC, CO, Benzene, VOC,
TOG) and fuel burn. It is able to analyse flight profile data, on a flight-by-flight basis, for
air traffic scenarios of almost any scope (from local studies around airports to global
emissions from air traffic). Currently it is used by a number of EUROCONTROL internal
and external users in the context of ICAO/CAEP, SESAR, and EPISODE 3 for
environmental assessment activities of ATM concept components.

The following diagram shows an Abstract System Model for the AEM-KERNEL version
of AEM lIl. Users present flight profile data in AEM-KERNEL and receive in return the
results of the fuel burn and emission calculations.

//:M—:RNEL\

BADA Fuel
———* Burn Data

I
Flight Profile
Data

AircraftiEngine
Data

ICAQO EED Fuel
Burn Data

e

Fuel Burn
Calculation
Method

Emission ICAQ EED
Agrnf:::fsm | Calculation Emission Data |

A J

Flight Emissions
Data

"--.._..--'/—;._‘1‘\

Figure 1: AEM-KERNEL Abstract System Model
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2.1 GENERAL CAPABILITIES

The AEM-KERNEL tool uses several underlying system databases (aircraft, aircraft
engines, fuel burn rates and emission indices) provided by external data agencies in
order to assure the quality of the information provided. This system information is
combined with dynamic input data, represented by air traffic flight profiles.

Below 3000 ft, fuel burn calculation is based on the Landing and Take-Off Cycle (LTO)
defined by the ICAO Engine Certification specifications. ICAO LTO covers four engine
operation modes, which are used in AEM-KERNEL to model the six following phases of
operation: Taxi-Out, Taxi-In (Idle), Take-Off, Climb-Out, Approach and Landing
(Approach). The ICAO Engine Exhaust Emissions Data Bank includes emission indices
and fuel flow for a very large number of aircraft engines. AEM IlI links each aircraft
appearing in the input traffic sample to one of the engines in the ICAO Engine Exhaust
Emissions Data Bank.

Above 3000 ft, fuel burn calculation is based on the “Base of Aircraft Data“ (BADA).
This database provides altitude and attitude dependent performance and fuel burn data
for more than 150 aircraft types.

o —t /

Figure 2: AEM-KERNEL Fuel Burn Calculation Methodology

Emission calculations are based on the ICAO Engine Exhaust Emissions Data Bank,
but emission factors and fuel flow are adapted to the atmospheric conditions at altitude
by using a method initially developed by The Boeing Company (The Boeing Method 2 —
BM2) and modified by the EUROCONTROL Experimental Centre Business Unit
Environmental Studies (EEC-BM2). EEC-BM2 makes it possible to estimate emissions
for the NOx, HC, and CO pollutants. The emissions for the H,O and CO, pollutants are
a direct result of the oxidation process of the carbon and hydrogen contained in the fuel

- Page 15 of 59 - internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.
© Copyright 2012 — All Rights Reserved.




€

AEM-KERNEL

User Guide

Date: 19/03/2013
N°: 2.26
Status: Draft

with the oxygen contained in the atmosphere. The SOx emissions depend directly on
the sulphur content of the fuel used. All three are directly proportional to the fuel burn.
Benzene emissions, as well as VOC, TOG and all pollutants derived from VOC-TOG,
are proportional to the HC emissions.

BADA provides
Fuel Flow above

3000ft N

Coefficients for Fuel
Burn proportional to

polluants

Aircraft/Engine Profiles

Y

4

Fuel consumed

g

N

"

LI L LY

HzO COz

S0x NOx CO HC

—

=

Fuel Flow below 3000ft
from ICAQ Exhaust
Emissions data

Engine Emission Indices
from ICAO Exhaust
Emissions data

Boeing Method2 EEC
maodified

HC provides VOC and
TOG using EPA method

Figure 3: AEM-KERNEL Emission Calculation Methodology

2.2 SPECIFIC FEATURES

This section explores in more details the innards and features of AEM-K, but
still from a user point of view.

2.2.1 AEM-PC import feature

AEM-K allows to import AEM-PC traffic and flight files. An intermediate SOG file
(whose name will include the date/time stamp of the computation run if the
option has been set) is produced in the output folder, which is then used for the
actual import and emissions computations. If done via the GUI, the study file
contains the location of the intermediate SOG6 file. As AEM-PC does not provide
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dates, dates in the SO6 file will be based on the study date or the reference
date specified with -a (or --date) in the CLI. Midnight rollover is taken into
account: the SO6 record will contain the correct date.

Because AEM-PC format records are 4D positions rather than durations, and
each AEMPC input record is combined with its next record to create an SO6
record, the user must be aware that the output SO6 will contain 1 record less
than the input AEMPC records.

When importing traffic and flight data, AEM-K uses the callsign to link records
between the two files.

For the traffic file, the tab character acts as field separator.

Nr Field Type | Description
1 | Unused (Entry time)
2 | Callsign Text
3 | ADEP Text Airport, departure
4 | Unused
5 | ADES Text Airport, arrival
6 | Unused
7 | Type Text Aircraft ICAO type
8 | Unused
9 | Unused (Engine type)
10 | Unused (RFL)
11 | Unused (CFL)
12 | Unused (AFL)

Table 2: AEM-PC traffic file format

The flight file lists the segments of each flight. It is assumed that the flight file is
grouped per flight and ordered in time.

Semicolon and comma can act as field separators.
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Nr Field Type Description
1 Unused
2 Callsign Text
3 Event time Text HH:MM:SS
4 Attitude Text See Table 4
5 Unused
6 Unused
7 Unused
8 Unused
9 Ground Number
speed (Integer)
10 | Rate Number | Climb/descent rate
(Double)
11 | Lat Number | Decimal latitude
(Double)
12 | Lon Number | Decimal longitude
(Double)
13 | FL Number
(Integer)
14 | Unused (RFL)
15 | Unused (CFL)
16 | Unused (flight phase)
17 | Unused (XFL)
18 | Fuel flow Number | Kg/min
(double)

Table 3: AEM-PC flight file format
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Table 4 shows the conversion of the attitude from AEM-PC to SO6:

AEM-PC SO6
Climb 0
Descent 1
Cruise 2
Taxi Out 4
Take Off 5
Climb Out 6
Approach 7
Landing 8
Taxi In 9

Table 4: AEM-PC attitude mapping

Notice the SOG6 attitude value gap between cruise (2) and taxi out (4).

A set of example AEM-PC format files are provided in the samples subdirectory

of the standard distribution:
o sample20_in_traffic.txt
e sample20_in_flight.txt

Known issues:

e ground speed is always extracted from the AEM-PC data; great circle
calculations are currently not performed.

e A header record is currently not allowed in flight or traffic file.

e Empty fields are not allowed

2.2.2 Missing segment generation

The user can choose to have AEM-K automatically generate LTO segments. In
this mode, AEM-K will create one LTO segment of each type, and will then
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connect the generated segments to ensure “4D continuity” (segments are
connected in space and time).

Durations of newly created segments will depend on the options chosen under
LTO time replacement.

Note: AEM-K currently provides time connectivity only; there is no spatial
connectivity yet. As a result, following values will be output if they are not

known:
Datum Invalid value

No coordinate | 00.000

No FL -999

No speed -1

No rate -99999

No date 010101

No time 000000

No length 0

No fuel flow -1

Table 5: Invalid SO6 output values

2.2.3 LTO time replacement

Specific options exist to replace the LTO segment times with times from the
database (p.27). The source of taxi times can be chosen between aircraft
specific and ICAO values; the source of landing/take off times can be chosen
from airport, CFMU, AERO2K or ICAO data. If data from a selected source is
not available, data will be used from the next available datasource.

2.2.4 Output grouping

AEM kernel allows aggregating input data according to flight or attitude. As a
result, the output records no longer represent segments, but flights or attitudes
per flight. Recall that AEM kernel requires input records grouped per flight and
ordered on increasing sequence number (if that field is used).
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Table 6 shows how input data is aggregated for each type of output. The
general idea is to use the first and last segment for start and end columns;

fields with nonstandard output are put in bold.

Field Group by Attitude file Group by Flight file
START TIME START_TIME from First START_TIME from First Segment
- Segment
END TIME END_TIME from Last END_TIME from Last Segment
- Segment
START FL START_FL from First START_FL from First Segment
- Segment
END_FL END_FL from Last Segment | END_FL from Last Segment
Attitude (attitude) -1
START DATE START_DATE from First START_DATE from First Segment
- Segment
END DATE END_DATE from Last END_DATE from Last Segment
- Segment
START POS LAT START_POS_LAT from First | START_POS_LAT from First
- — Segment Segment
START POS LON START_POS_LON from START_POS_LON from First
- — First Segment Segment
END POS LAT END_POS_LAT from Last END_POS_LAT from Last
- - Segment Segment
END POS LON END_POS_LON from Last END_POS_LON from Last
- - Segment Segment

SEQUENCE NUMBER

Number of segments in
Attitude

Number of segments in Flight

DISTANCE

Aggregate Distance in
Attitude

Aggregate Distance for Flight

Parity

Parity of first segment of
that attitude

Flight’s first segment’s parity

START_FUEL_FLOW

Minimum Fuel Flow for
Attitude

Minimum Fuel Flow for Flight

END_FUEL_FLOW

Maximum Fuel Flow for
Attitude

Maximum Fuel Flow for Flight

START_GROUND_SPEED

Min Ground Speed

Min Ground Speed

END_GROUND_SPEED

Max Ground Speed

Max Ground Speed

START_RATE_OF_CLIMB_ | Min ROCD Min ROCD
DESCENT

END_RATE_OF _START D | Max ROCD Max ROCD
ESCENT

Table 6: data aggregation

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
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3 INSTALLING AEM-KERNEL

Locate and double-click the AEM_SETUP.msi file. An installation wizard will
guide the user in the installation process.

I

LA

EURCCONTROL

SEM Kernel

Caricel ¢ Back

Figure 4: Installer splash screen
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I xd

Welcome to the AEM Kernel Setup Wizard 9
-

The inztaller will guide vou through the steps required to install AEM Femel 2.2.5 on pour account.

WARMIMG: Thiz computer program iz protected by copyright law and inkernational treaties.
IInauthorized duplication or distiibution of this program, or any portion of it, may rezult in severe civil
ar criminal penakties, and will be prozecuted ta the masimurn extent pozsible under the law.

Cancel < Back

Figure 5: Installer Wizard
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I xd

Select Installation Folder 9
-

The inztaller will inztall AEM Kemel to the following folder.

Toinstall in thiz folder, click "Mest". To install to a different folder, enter it below ar click "Browse"'.

Enlder:
C:%Program FileshE urocontrohaEM Kermels Browse...

Dizk Cost...

Cancel | < Back

Figure 6: Installation folder selection

When choosing the installation folder (see Figure 6), the user can choose
between a local installation or an installation for all users. Installing for
everyone requires administration rights to complete.
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I xd

Confirm Installation 9,
-

The inztaller iz ready to install AEM Kermel on pour computer.

Click "Mest to start the installation.

Cancel < Back

Figure 7: Installation
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I xd

Installing AEM Kernel 9,
-

BEM Kernel iz being installed.

Pleasze wait...

< Back [Ewt >

Figure 8: Installation progress
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ii-E‘ AEM Kernel -10] x|

Installation Complete p
-

BEM Kernel has been successfully installed.

Click "Cloze" to exit.

Earzel < Back

Figure 9: Installation completed

4 CONFIGURING AEM-KERNEL

The AEM-KERNEL system consists of a Microsoft Windows command-line executable
file (aem.exe), several text-based static data files and a user created, text-based, input
file. This section will first document (section 3.1) the structure of the static data files.
Then in section 3.2 the structure of the input file will be documented. Finally section 3.3
will document the procedure for running AEM-KERNEL.

4.1 STATIC DATA TABLES

AEM-KERNEL uses text-based files for its static data requirements. These tables must
reside in the same directory as the AEM-KERNEL executable (AEM.exe and
AEM_GUI .exe).

Notes:

e parameter files currently may not contain empty lines

e header records currently are mandatory
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4.1.1 BADA Data: ACT_PRF.BADA_FUEL BURN.txt

BADA (Base of Aircraft Data) is an aircraft performance database. Its current version
(BADA 3.9) provides a set of ASCII files containing performance and operating
procedure data for 267 different aircraft types. For 87 of these aircraft types this data
was developed using reference sources such as flight manuals and operating manuals.
These are the so-called directly supported aircraft. For the other 180 types, the data is
specified to be the same as one of the 87 directly supported aircraft. The main
application for BADA is trajectory simulation and prediction within the domain of ATM
(Air Traffic Management). BADA is maintained and developed by the EUROCONTROL
Experimental Centre (EEC) in Brétigny, France.

The structure of the BADA text file used by AEM-KERNEL is shown in the following
table (separator is a semi-colon):

No. | Field Name Type Description
1 |ICAO_AIRCRAFT ID |Text BADA aircraft type (using ICAO designators)
2 |ATTITUDE Text ‘Climb’, ‘Descent’ or ‘Cruise’
Text Note: only Nominal values are used in the present
3 | WEIGHT_CATEGORY version of AEM-KERNEL
Number
4 |FL (Long Flight level (00/feet)
Integer)
Number .
5 |FUEL_BURN_RATE (Double) In kg/min

Table 7: Description of BADA static data file

4.1.2 ICAO EED Data: ACT_PRF.ENGINE_LTO_VALUES.txt

The Engine Emissions Data (EDD) of AEM-KERNEL contains a comprehensive
database of aircraft jet engine emissions certifications from ICAQ. Aircraft are required
to meet the engine certification standards adopted by the Council of ICAO. These are
contained in Annex 16 - Environmental Protection, Volume Il - Aircraft Engine
Emissions to the Convention on International Civil Aviation. These were originally
designed to respond to concerns regarding air quality in the vicinity of airports. As a
consequence, they establish limits for emissions of nitrogen oxides (NOx), carbon
monoxide, unburned hydrocarbons, for landing and take-off (LTO) cycles below 915
meters of altitude (3 000 ft)

The structure of the ICAO EED text file used by AEM-KERNEL is shown in the
following table (separator is a semi-colon):

No. Field Name Type Description

1 ENGINE_ID Text ICAO Engine ID

Number Emission rate of CO at 100%
2 | CO_TAKEOFF (Double) | thrust (kg/s)

Number Emission rate of CO at 30%

3 |CO_APPROACH (Double) | thrust (kg/s)

Number Emission rate of CO at 7%

4 |CO_IDLE (Double) | thrust (kg/s)

- Page 28 of 59 - internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.
© Copyright 2012 — All Rights Reserved.




AEM-KERNEL Date: 19/03/2013
. N°: 2.26
v User Guide

Status: Draft

No. Field Name Type Description

Number Emission rate of CO at 85%
5 | CO_CLIMBOUT (Double) | thrust (kg/s)

Number Emission rate of HC at 100%

6 |HC_TAKEOFF (Double) | thrust (kg/s)

Number Emission rate of HC at 30%

7 |HC_APPROACH (Double) | thrust (kg/s)

Number Emission rate of HC at 7%

8 |HC_IDLE (Double) | thrust (kg/s)

Number Emission rate of HC at 85%

9 |HC_CLIMBOUT (Double) | thrust (kg/s)

Number Emission rate of NOx at 100%

10| NOX_TAKEOFF (Double) | thrust (kg/s)

Number Emission rate of NOx at 30%

11| NOX_APPROACH (Double) | thrust (kg/s)

Number Emission rate of NOx at 7%

12| NOX_IDLE (Double) | thrust (kg/s)

Number Emission rate of NOx at 85%

13| NOX_CLIMBOUT (Double) | thrust (kg/s)

Number Fuel burn rate at 100% thrust

14 |FUEL_TAKEOFF (Double) | (kg/s)

Number Fuel burn rate at 30% thrust

15 |FUEL_APPROACH (Double) | (kg/s)

Number Fuel burn rate at 7% thrust

16 |FUEL_IDLE (Double) | (kg/s)

Number Fuel burn rate at 85% thrust

17 |FUEL_CLIMBOUT (Double) | (kg/s)

18 |MACH_CLIMB ?‘ggﬂgfg) Unused
19 |MACH_CRUISE ?‘;gﬂgleer) Unused
20 |MACH_DESCENT ?IDU(;EEIeer) Unused
21 | PMtotal_TAKEOFF E\IDU(;EEIeer) Kgls
22 | PMtotal APPROACH ?‘S‘g&g?g) Kgls
23 | PMtotal_IDLE ?‘S‘;‘jgﬂ) Kg/s
24 | PMtotal_CLIMBOUT ?‘S‘;‘jgﬂ) Kg/s
25 | PMvolatile TAKEOFF ?‘5‘(’){‘13% Kg/s
26 | PMvolatile APPROACH z\'[;‘g[‘jgleg) Kgls
27 | PMvolatile_IDLE E\'[;‘cmgleg) Kg/s
28 | PMvolatile_CLIMBOUT ?‘S‘;‘JE% Kgls
29 | PMnon_volatile_ TAKEOFF ?‘ggﬂg% Kg/s
30 | PMnon_volatile_ APPROACH ?‘;gﬂgleer) Kg/s
31 |PMnon volatile IDLE Number Kals
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No. Field Name Type Description
(Double)

32 | PMnon_volatile_ CLIMBOUT ?S'gﬂgg) Kgls

33 |PM_SUL_ TAKEOFF ?‘S’gﬂg% Kgls

34 |PM_SUL_APPROACH ?‘ggﬂg% Kg/s

35 |PM_SUL_IDLE ?‘;gﬂgleer) Kg/s

36 |PM_SUL_CLIMBOUT ?lsjg:;g?er) Kgls

37 |PM_25_ TAKEOFF ?lsjg:;g?er) Kgls

38 |PM_25_ APPROACH ?‘S‘g&g?g) Kgls

39 |PM_25 IDLE ?‘S‘;‘jgﬂ) Kg/s

40 |PM_25_CLIMBOUT ?‘S‘;‘jgﬂ) Kg/s

41 |PM_01_TAKEOFF ?‘5‘(’){‘@% Kg/s

42 |PM_01_APPROACH z\lljugﬂtt;ﬁer) Kg/s

43 |PM_01_IDLE z\lljugﬂtt;ﬁer) Kg/s

44 |PM_01_CLIMBOUT ?‘S’gﬂgfg) Kgls

Table 8: Description of ICAO EED static data file

4.1.3 Aircraft Engine Mix Data: ACT PRF.aircraft engines.txt

This data file links ICAO Aircraft ID with BADA aircraft type and default ICAO EED
engines. The structure of the aircraft-engine text file used by AEM-KERNEL is shown in
the following table (separator is a semi-colon):

No. Field Name Type Description
1 AIRCRAFT_ID Text Aircraft type (ICAO code)
2 ENGINE_ID Text Default ICAO Engine ID
Number
3 NUMBER_OF_ENGINES (Long | Number of engines for aircraft
Integer)
4 BADA EQUIV_AIRCRAFT Text BADA aircraft type for this aircraft

Table 9: Description of aircraft-engine static data file
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4.1.4 Airport Time-in-Mode Data: APT.airport time in mode.txt

This data file lists the CFMU and airport-specific taxi time-in-mode for certain airports.
The structure of the airport time-in-mode text file used by AEM-KERNEL is shown in
the following table (separator is a semi-colon):

No. |Field Name Type Description

1 |AIRPORT Text ICAQO airport code

Number
2 |CFMU_TAXI_OUT (Long | CFMU taxi out time (secs)
Integer)

Number
3 |AIRPORT_TAXI_OUT (Long | Airport-specific taxi out time (secs)
Integer)

Number
4 |CFMU_TAXI_IN (Long | CFMU taxiin time (secs)
Integer)

Number
5 [AIRPORT_TAXI_IN (Long | Airport-specific taxi in time (secs)
Integer)

Table 10: Description of airport time-in-mode static data file

4.1.5 Taxi times: AERO2K table

By default AEM uses ICAO taxi time values when calculating the amount of fuel burnt and the
corresponding emissions generated during the LTO cycle. The taxi time values are specified
as constants in the "AEM.CONSTANT PARAMS.txt" file (see p. 32); these values should not
be changed unless the ICAO taxi time values are amended by ICAO itself.

Users can make AEM use improved taxi times for the fuel burnt and emissions generated
calculation by selecting the Airport or CFMU taxi time option. Both of these sets of taxi time
values are stored in the same file, namely "APT.airport_time_in_mode.txt" (p. 31). The data
provided by default in that file are for illustrative purposes only; it is the responsibility of the
user to collect valid taxi time data for each of the airports specified in that file. Up-to-date
CFMU data can be obtained from EUROCONTROL at
http://www.eurocontrol.int/articles/coda-publications (look at the bottom of the page; Tab
Taxi Times).

When the Airport or CFMU taxi time option is selected and no data are provided for an airport
that is in the input file (or the airport is not listed at all in the file), default ICAO taxi time values
are used, unless there is AERO2K data for that airport (same logic as explained for the
-t (or --tim) option, p.41).

This additional AERO2K taxi option (so called as it was created for the purpose of that
particular project), provides an additional way of adjusting the taxi time values without
modifying the existing data stored in the file "APT.airport_time_in_mode.txt". Once again, the
data provided by default in the "AERO2K TaxiTimes.txt" (p. 31) file are only for illustrative
purposes; it is the responsibility of the user to collect valid taxi time data for each of the
airports specified in that file. When the AERO2K option is selected and no data are provided
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for an airport that is in the input file (or the airport is not listed at all in the file), default ICAO
taxi time values are used.

No. Field Name Type Description

1 AirportlD Text ICAO airport code
2 AirportName Text Unused

3 CityName Text Unused

4 StateName Text Unused

5 Region Text Unused

6 TaxilnTime Number | Seconds

7 TaxiOutTime Number | Seconds

Table 11: Description of AERO2K static data file

4.1.6 System Constants: AEM.CONSTANT PARAMS.txt

This table stores details for constants that are used in the calculation of emissions.

Users can change these constants when necessary; although tables can be consulted
for read-only from within the GUI (see 5.3.5 Reference tables tab, p. 51), to change
values an external text editor (eg Notepad, gvim, ...) should be used (and the
application restarted).

Examples of constants are the following:

Default time taken to approach

Average rate of climb

Average rate of descent of aircraft

Average cruise ground speed

Average time taken for aircraft to climb out

Average flight level at which approach phase of flight is complete
Average flight level at which climb out phase of flight is complete
Average flight level at which descent phase of flight is complete
Average flight level at which take off phase of flight is complete
Carbon dioxide emitted per kg of fuel burnt

Water emitted per kg of fuel burnt

Oxides of sulphur emitted per kg of fuel burnt

Average time taken for aircraft to land

Flight level separation distance

Default time taken for aircraft to take off

Default time taken for aircraft to taxi in

Default time taken for aircraft to taxi out

Thrust level at approach

Thrust level at climb-out

Thrust level at idle

Thrust level at takeoff

Default airport elevation

Airport elevation tolerance

Thrust cutback level

LTO level

- Page 32 of 59 - internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.
© Copyright 2012 — All Rights Reserved.




€

AEM-KERNEL

User Guide

Date: 19/03/2013
N°: 2.26
Status: Draft

Level, minimum, and maximum rate of climb
Taxi, TMA, civ and max ground speed

The structure of the system constants text file used by AEM-KERNEL is shown in the
following table (separator is a semi-colon):

No. |Field Name Type Description
PARAM Text Name of constant
VALUE Number | Value of the constant
(Double)
3 | DESCRIPTION Text Brief description of constant (unused)
4 |UNIT Text Unit of the constant (km, feet etc.) where
applicable (unused)

Table 12: Description of the AEM-KERNEL system constants static data file

4.1.7 VOCTOG Constants: AEM.VOCTOG CONSTANTS. txt

This table stores details for constants that are used in the calculation of Volatile
Organic Compounds (VOC) and Total Organic Gases (TOG). The structure of the
VOC-TOG constants text file used by AEM-KERNEL is shown in the following table

(separator is a semi-colon):

No. |Field Name Type Description
CLASS Text Class of constant. Note only last value of class
(=6) is used.
VOCTOG_CONSTANT Text Name of the constant
VALUE Number | Value of constant
(Double)

Table 13: Description of the AEM-KERNEL VOCTOG constants static data file

4.1.8 ICAQO Standard Atmosphere: AEM.STANDARD_ATMOS.txt

This table stores details for ICAO Standard Atmosphere data. The structure of the
ICAO standard atmosphere text file used by AEM-KERNEL is shown in the following
table (separator is a semi-colon):

No. |Field Name Type Description

FLIGHT _LEVEL Number | Flight level (feet)
(Double)

TEMPERATURE Number | Temperature (K)
(Double)

PRESSURE Number | Pressure (Pa)
(Double)

SOUND_VELOCITY Number | Velocity of sound. Currently not used.
(Double)
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AIR_DENSITY Number | Air density. Currently not used.
(Double)

WATER_DENSITY Number | Water vapour density. Currently not used.
(Double)

RELATIVE_HUMIDITY Number | Relative humidity (%)
(Double)

Table 14: Description of ICAO standard atmosphere static data file

4.1.9 Aircraft specific LTO times

The Aircraft_Specific_Time_in_mode.txt table provides LTO times for various
aircraft types. Separator is semicolon.

No. |Field Name Type Description
AIRCRAFT_ID Text Aircraft_id linked to the aircraft_id in the input file
PARAM Text Name of the constant (see next table)
VALUE Number | Value of the constant
(double)
DESCRIPTION Text Brief description of the constant (NOT USED)
UNIT Text Unit of the constant, where applicable (NOT
USED)

Table 15: Description of the Aircraft_Specific_Time_in_mode.txt table

- Page 34 of 59 - internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.
© Copyright 2012 — All Rights Reserved.




Date: 19/03/2013

9 AEM-KERNEL
N°: 2.26

v User Guide Status: Draft
No. |Type Description

1 | ApproachTime Time for approach, seconds

2 | ClimbOutTime Time for climb out, seconds

3 | LandingTime Time for landing, seconds

4 | TakeOffTime Time for take off, seconds

4.2

Table 16: LTO TIM type values

4.1.10 Airport static data: APT.airport data.txt

This table contains the physical parameters of airports.

No. [Field Name Type Description
1 |ICAO Text ICAOQ identifier
2 |ARP_LAT DMS |Double |Latitude, decimal degrees North
3 |ARP_LON DMS |Double |Longitude, decimal degrees East
4 |ARP_ELEV FT |Integer |Airport elevation, feet

Table 17: Airport static data

INPUT DATA FILE

e sample20_in.so6

e sample20_in_new_format.so6

AEM-KERNEL requires only one input flight file prepared by the user. This is a text file
usually with the extension ‘.s06’, although any other extension, e.g. ".txt.
used.

could be

The separator in the input file must be a ‘space’. Fields 1 - 18 must be filled in.

Example SO6 files are provided in the samples subdirectory of the the standard
distribution:

The following table shows the required SO6 input format for AEM-KERNEL.

No. |Field Name Type Description
1 |ELEP ID Text Fllght segment output ID. Should be
- unique to file
> | ADEP Text Departure airport (ICAO or IATA
code)
3 |ADES Text Arrival airport (ICAO or IATA code)
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No. |Field Name Type Description
4 |ICAO_AIRCRAFT ID Text Aircraft type (ICAO code)
Number | Segment’s first point time
(Long (HHMMSS). If the —s flag is set then
5 | START_TIME Integer) |this value would contain the start
time in units of seconds since
midnight.
Number | Segment’'s second point time
(Long (HHMMSS). If the —s flag is set then
6 | END_TIME Integer) | this value would contain the end time
in units of seconds since midnight.
Number N . .
7 | START FL (Long Segment’s first point flight level
(OO/feet)
Integer)
Number Segment’'s second point flight level
8 |END_FL (Long
(OO/feet)
Integer)
Number | Climb = 0, Descent = 1, Cruise = 2,
(Integer) | Taxi-Out = 4, Take-Off = 5, Climb-
9 |ATTITUDE Out = 6, Approach = 7, Landing = 8,
Taxi-In =9
10| CALL_SIGN Text Flight call sign
Text Segment’s first point date
11| START_DATE (YYMMDD)
Text Segment's second point date
12| END_DATE (YYMMDD)
13| START POS LAT Number Segr_nents_ first  point latitude
- - (Double) | (decimal minutes).
14| START POS LON Number Segr_nents_ first  point longitude
- - (Double) | (decimal minutes).
15| END POS LAT Number Segments_ second point latitude
- — (Double) | (decimal minutes).
16| END POS LON Number Segments_ second point longitude
- - (Double) | (decimal minutes).
17| FLIGHT ID Text :énfli?;e Flight ID. Should be unique
Number | Sequence of Flight Segment within
(Long Flight. Each new flight is to start with
18| SEQUENCE NUMBER Integer) | SEQUENCE_NUMBER =1 for the
first segment.
Number | Distance flown within Segment
19| DISTANCE (Double) | (Nautical Miles).
Text This field can be used to place the
20| PARITY COLOR ENGINEID
21| START EUEL ELOW Number | Fuel flow at the flrst point in time of
- — (Double) | the segment, kg/min.
22| END FUEL ELOW Number | Fuel flow at the Igst point in time of
- — (Double) | the segment, kg/min
23| START GROUND SPEED Number C_;rounc_i s_pee_:d of the aircraft at the
- - (Double) | first point in time of the segment.
24| END GROUND SPEED Number Grounc_i spee_:d of the aircraft at the
- - (Double) | last point in time of the segment.
25| START RATE OF CLIMB DESCENT Number \_/emca] speed of the aircraft at the
- - = - (Double) | first point of the segment.
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No.

Field Name

Type

Description

END_RATE_OF_CLIMB_DESCENT

Number
(Double)

Vertical speed of the aircraft at the
last point of the segment.

4.3

Table 18: Description of AEM-KERNEL input text file

Fields 21-26 are optional fields, new as from version 2.0.

Example line from a valid AEM-KERNEL input file:

MALOT_BURAK KBOS EGLL B772 050335 051530 380 380 2 AAL108 051101
051101 3180 -900 3180 -720 89535076 3 108.3188 O

Notes

e Acceptable time formats are HHMMSS and HH:MM:SS

e AEM currently does not allow a header record

e Reference year is 1970 for YYMMDD inputs (YY<70 implies 20YY)

e Engine type “DEFAULT” in the parity color field is not recognized by AEM-K.
The parity field currently defines a property of the current flight (just as e.g.
ADEP, ADES) rather than the current segment.

OuTtpPUT DATA FILE

As with the input file, AEM-KERNEL produces only one text-based output file usually in
‘.s06’ format (but, as with the input file this could have any extension).

Note that the presence of the fields 21 until 47 depends on the options selected in both

applications (GUI and command line).

Note that fields 21-26 are empty if the option ‘-p (or —always_values)’ has not been
specified. WARNING: do not use such an output file as input for AEM.

The following table describes the text format output from AEM-KERNEL.:

.| Field Name

Type

Description

FLEP_ID

Text

Flight segment output ID

ADEP

Text

Departure airport (ICAO or IATA
code)

ADES

Text

Arrival airport (ICAO or IATA code)

Alwl N Rz

ICAO_AIRCRAFT_ID

Text

Aircraft type (ICAO code)

START_TIME

Number
(Long
Integer)

Segment’s first point time
(HHMMSS). If the —s flag is set then
this value would contain the start
time in units of seconds since
midnight.

END_TIME

Number
(Long
Integer)

Segment's second point time
(HHMMSS). If the —s flag is set then
this value would contain the end time
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No. | Field Name Type |Description
in units of seconds since midnight.
Number , ' . .
7 START FL (Long (So%g/frgggts first point flight level
Integer)
8 END_FL (I\Il_l:)r:]”nger Segment’'s second point flight level
(OO/feet)
Integer)
Number | Climb = 0, Descent = 1, Cruise = 2,
(Integer) | Taxi-Out = 4, Take-Off = 5, Climb-
9 ATTITUDE Out = 6, Approach = 7, Landing = 8,
Taxi-lIn=9
10 |CALL_SIGN Text Flight Call Sign
Text Segment’s first point date
11 |START_DATE (YYMMDD)
Text Segment's second point date
12 |END_DATE (YYMMDD)
Number | Segment's  first  point latitude
13 | START POS LAT (Double) | (decimal minutes). Note: this field is
- - not used in the present version of
AEM-KERNEL.
Number | Segment's first point longitude
14 |START POS LON (Double) | (decimal minutes). Note: this field is
- - not used in the present version of
AEM-KERNEL.
Number | Segment's second point latitude
15 |END POS LAT (Double) | (decimal minutes). Note: this field is
- - not used in the present version of
AEM-KERNEL.
Number | Segment's second point longitude
16 |END POS LON (Double) | (decimal minutes).Note: this field is
- - not used in the present version of
AEM-KERNEL.
17 |FLIGHT ID Text Unique Flight ID
Number | Sequence of Flight Segment within
(Long Flight. Each new flight is to start with
Integer) | SEQUENCE_NUMBER =1 for the
18 | SEQUENCE NUMBER first  segment. This number
sequence is regenerated, and
updated when LTO segments are
inserted.
Number | Distance flown within Segment
19 | DISTANCE (Double) | (Nautical Miles). Note: this field is
not used in the present version of
AEM-KERNEL.
Text This field can be used to place the
20 |PARITY COLOR ENGINEID
Number .
21 |START_FUEL_FLOW (Double) In kg/min
Number .
22 |END_FUEL_FLOW (Double) In kg/min
23 | START_GROUND_SPEED Number |, ot
(Double)
24 |END GROUND_ SPEED Number | In knots
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No. | Field Name Type |Description
(Double)
25 | START RATE_OF_CLIMB_DESCENT | NUMPer |1 tom
- - - - (Double)
Number
26 |END_RATE_OF START DESCENT (Double) Fpm
Number .
27 |FUEL_BURN_RATE (Double) In kg/min
Number
28 | FUEL_BURNT (Double) In kg
Number
29 |NOX (Double) In kg
Number
30 |co2 (Double) In kg
Number
31 |SOX (Double) In kg
Number
32 |H20 (Double) In kg
Number
33 |CO (Double) In kg
Number
34 |HC (Double) In kg
35 |ACETALDEHYDE Number | In kg
(Double)
Number |In kg
36 |ACROLEIN (Double)
Number |In kg
37 |POM16PAH (Double)
Number | In kg
38 | POM7PAH (Double)
Number | In kg
39 |STYRENE (Double)
Number | In kg
40 |BUTADIENE_1 3 (Double)
Number | In kg
41 |BENZENE (Double)
42 | ETHYLBENZENE Number | 1n kg
(Double)
43 | FORMALDEHYDE Number | 1n kg
(Double)
44 | PROPIANALDEHYDE Number |1n kg
(Double)
Number | In kg
45 | TOLUENE (Double)
Number |In kg
46 | XYLENE (Double)
Number |In kg
47 |PMTotal (Double)
. Number |In kg
48 | PMVolatile (Double)
. Number | In kg
49 | PMNonVolatile (Double)
Number | In kg
50 |PMSul (Double)
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No. | Field Name Type |Description
Number |In kg
51 |PM25 (Double)
Number |In kg
52 |PMO1 (Double)
53 | Fuel burn rate Boolean | TRUE/FALSE

5 RUNNING AEM-KERNEL

5.1 LOGGING

Table 19: Description of AEM-KERNEL output text file

AEM-Kernel maintains an initial log file aem. log. This file is initially located in the folder from
where AEM-K is invoked. AEM will create an additional log file in the output location (that
log’s name can be found in the initial log file). The log file name will contain the date/time
stamp of the computation run, allowing multiple runs without creating a huge log file.

5.2 THe CLI

AEM-KERNEL provides a Windows command-line executable (CLI) named aem.exe.
In order to run AEM-KERNEL, all the text-based static data described in section 4.1
must reside in the same directory as AEM-KERNEL. Running AEM-KERNEL consists
of three simple steps (for this demonstration we will assume that AEM-KERNEL has
been placed in C:\AEM-KERNEL):

1) To run AEM-KERNEL from Windows XP or Vista, start the Windows Command
Prompt from start > All Programs > Accessories.

2) Go tothe AEM-KERNEL directory: type (for example) cd c:\AEM-KERNEL to
arrive at the command prompt for the AEM-KERNEL directory.

3) Type aem —[switches] to run the CLI. The switches (if used) as well as the input
and output file names are specified where indicated.

5.2.1 Command-line environment

Careful: PATH specifies a set of directories/paths separated by semicolons. Before
modifying PATH in following steps, make sure to first copy-paste its content in some
text file in case it gets corrupted! In case of problems, inability to restore PATH to its
original content could cause major headaches!
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AEM should be run from the installation’s bin/ subdirectory, unless following
environment variables have been set correctly:

1. AEM_HOME should be set to the installation directory
set AEM_HOME=<install directory>

2. PATH should also include the installation directory’s bin/ location
set PATH=%AEM_HOME%\\bin;%PATH%

Note: make sure that the environment variable does not contain quotes. Example:
set AEM_HOME=c:\\Program Files\Eurocontrol\AEM Kernel

5.2.2 Command-line options

-h (or --help, either can be used) is used to display the list of switches. In this case
AEM-KERNEL is not run.

-i (or --input) is followed by the input file name (separated from the switch by a space).
This switch is mutually exclusive with —c/-f.

-c (or --traffic) is followed by the AEM-PC traffic file.

-x (or --flight) is followed by the AEM-PC flight (segment) file.

-a (or --date) specifies the AEM-PC reference date.

-0 (or --output) is followed by the output file name (separated from the switch by a
space). This is a mandatory switch. AEM will insert a date_time group in the output
filename(s), allowing for multiple runs without risking overwriting the output files.

-j (or --output_per_flight) groups output records per flight

-u (or --output_per_attitude) groups output records per attitude

-k (or --keep_segment_times) forces AEM-KERNEL to use the LTO times present in
the input data. If not set, -t (or --tim) and -I (or --1to) will define the actual time sources,
and segment times will be ignored. Please note that this option disables the options

-t (or --tim) and -I (or --Ito).

-g (or --generate) instructs AEM-K to generate LTO segments that might be missing in
the input data.

-t (or --tim) is followed by the name of the data source to use regarding airports taxiing
times. Four data sources are available:

e ‘“airport”: is used to specify that AEM-KERNEL must use the airport-specific
taxi time-in-mode (from APT.airport_time_in_mode.txt).If airport data is not
found, cfmu option will be used instead.
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“cfmu”: is used to specify that AEM-KERNEL must use the CFMU taxi time-in-
mode (from APT.airport_time_in_mode.txt). If CFMU data is not available,
option aero2k will become active.

e “aero2k”: is used to specify that AEM-KERNEL must use the AERO2K taxi
time-in-mode (from AERO2K_TaxiTimes.txt). If the file does not exist, option
default becomes effective.

e “default”: is used to specify that AEM-KERNEL must use the default taxi
time-in-mode (from AEM.CONSTANT_PARAMS.txt) instead of the times in the
input data file.

If the —t switch is not specified on the command line, default times will be used. If
the —t switch is used with any other literal than one of the four specified, default
times will be used. In cases where, for a particular airport, the selected data source
does not supply data, AEM-KERNEL will use another source as a fallback, in the
order airport = cfmu = aero2k =» default (ICAO).

- (or --Ito) <souce> indicates the source to be used for LTO calculations:

e ‘“aircraft_specific” indicates that LTO times must be taken from the
Aircraft_Specific_Time_in_mode.txt file (p. 34).

e ‘“icao” indicates that ICAO times are to be used. This is the default.

--e (or --engine) is used to specify that AEM-KERNEL must use the engine (if
available) specified in the input file (using field PARITY_COLOR) instead of the default
(deduced from the aircraft model).

-f (or --input_fuel_burn_rate) is used to specify that the computation of the fuel flow
will be based on the fields START_FUEL_FLOW and END_FUEL_FLOW defined in
the S06 input file.

-s (or --seconds) is used to specify that AEM-KERNEL is to use the units 'seconds-
from-midnight' instead of the default HHMMSS for the input START TIME and
END_TIME.

-m (or --min_output) is used to direct AEM KERNEL to output minimum emission data.

If no —m is present, standard output is generated: Fuel, NOX, CO2, SOx, H20, CO,
HC, PMtot

If followed by M 1IN, output will contain minimum output (i.e., FuelBurn, NOX, CO2, SOx)
If followed by EXTENDED, output will contain standard output plus VOCTOG,
PMvolatile, PMnonvolatile, PMSUL, PM25, PMO01l. This option overrides the
-v (or --no_VOCTOG) flag.

If followed by “SET ““, following emissions flags can be added as separate options to
specify what data to output: H20, CO, HC, VOCTOG, PMTOT, PMDETAILS

Note that SET and its options must all be enclosed in paretheses:
“SET H20 VOCTOG”
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-v (or --no_VOCTOG) is used to specify that AEM-KERNEL is to output all emissions
data except VOC-TOG. Has no effect if -m (or --min_output) EXTENDED option has
been set.

-n (or --no_seqno) is used to specify that AEM-KERNEL is to read the ‘flightID’ field in
the input file instead of ‘sequence number’ to determine the start of a new flight. By
default, AEM-KERNEL requires that each flight segment has a chronological ‘sequence
number’ attached to it and this sequence number be placed in the input file starting at
‘1’ for the first segment of each flight.

-b (or --raw_input_data) will copy the input columns to the output.
-d or --headers emits column headers.
-w (or --enable_time_stamping) lets AEM kernel add a time stamps in filenames

-p (or —always_values) emit content of the six custom AEM input columns following
the ‘parity’ column (start/end flow/speed/rate), otherwise emit 6 empty strings.
WARNING: AEM Kernel cannot process blank/empty input fields yet, so do not use the
output of AEM as its input again once this option has been specified!

-V or --version print the current version and quit.

5.2.3 Example

As an example, in order to calculate the fuel burn and emission for an input file named
‘eec_input_engine.so6’ (located in folder samples/) that has engine data in the input
file, and where the output is to be put into ‘eng.so6’:

Type aem —e —i samples\eec_input_engine.so6 —0 eng.so6.
This example is shown in the following figure:

¢+ Command Prompt

C:“Program Files“Eurocontrol-AEM Hernel>aem —e —i samples“eec_input_engine.szob -0 eng.sob [—1
AEM Kernel 2.2.5% CLI started

Loading static database files...
A1l files loaded.

Computing emissions...
Fmissions computed.

Rezults saved in eng_2B8120703_A74209 _zob.

Logging saved in .-s/default_study 281208783 6942809 .log.
C:“Program Files“Eurocontrol-AEM Kernel>

Figure 10: On-screen results from example run
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For more examples, please see the Help output of the CLI (option -h).

5.2.4 Return value

The CLI will return following values:
e -1 if something went wrong while analysing the arguments
e 1if a known exception was caught
e 2 if an unknown exception was caught

e otherwise it will return O

5.3 THE GUI

AEM KERNEL GUI is a graphical application that offers the user an alternative way to the
command line to work with AEM KERNEL.

The GUI introduces a new concept, the study. Typically, a user will first configure a study,

click the “Compute emissions” button in the GUI, and finally consult the results of the study in
a user-selected folder.

5.3.1 Using the GUI

The GUI can be launched from Windows as well as from the command line.

From Windows, locate the application in the Start Menu (typically under Start Menu - All
Programs - Eurocontrol -> AEM Kernel). Alternatively, locate the application
AEM_Gui . exe in the installation folder, and double-click its icon. Optionally, drag a shortcut
from the application to the user desktop and/or Start Menu for easier future access.

From an MS-DOS command line, navigate to the distribution folder and type
AEM_Gui .exe.

When the GUI opens, the user is presented with a window that is subdivided in tabs. These
tabs group options that can be submitted to AEM KERNEL.

The following series of figures explain how to configure and run an emission computation
study.
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5.3.2 Study tab

Bl AEM Kernel 2.2.5 x|
Skudy | Qptions I Advanced options I Reference tables I Help I

—3tudy description

Mame {prefer shork name) Author

Description [Dake

[03/07 2012 —

—Inpuk

{+ SO SI0E File: I Browse |

kraffic File: I Brawse

" AEM PC:

Flight: File: I Browse |

—Oukput Folder (study and S06)

Locakion: I Browse

0%

Compuke emissions Exit

Figure 11: Study tab
The Study tab (Figure 11) allows specifying the main parameters of a study.

The name field will be used to compose a file name <studyname>.std that will store the
study settings; as a consequence, a study name should follow OS filename limitations: the
GUI will block characters that are not allowed. The study name is currently limited to 30
characters.

The form also allows specifying the type of import: SO6 or AEM-PC (see also AEM-PC
import, p. 16).

Please note that study name, author, date, input file and output folder are mandatory items to
fill in; without these, computations cannot be run.
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The output folder will contain the results of the study, as well as <studyname>_.std (text

file) that contains the study data that has been entered in this tab.

Once the Study tab has been filled in, the user can launch an emission computation by
clicking on the “Compute emissions” button; a progress bar will inform the user on the

progress of the computation. Results will be stored in the output folder.

Alternatively, the user can further refine the input settings for AEM KERNEL through following

tabs.

To quit the GUI at any point, click “Exit”. A confirmation dialog will pop up to confirm the exit

action.
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5.3.3 Options tab

Bl AEM Kernel 2.4.0 x|

Study Options | Advanced options I Reference tables I Help I

—Input options

Time Farrmat
[~ use FLIGHT_ID

™ use input engine kype % HHMMSSIHH: MM: 55

[ use input Fuel burn rate
: {~ Seconds since midnight

—Atmospheric data source options

{* International Standard Atmosphere

¢ Meteorogical daka Locakion: Browse |

—oukpuk options

fual AMOw, S04 50w and fuel burn Aag will alvaps he owtout

vV headers

IV raw input data

Optional oukput:

¥ H2 ¥ co ¥ HC IV wocTog v PMEat v PmMdetails

0%

Compuke emissions | Exit

Figure 12: Options tab

The Options tab (Figure 12) allows refining the SOG6 input format and specifying what data is
to be output.

The use FLIGHT _ID checkbox allows to use that column instead of the segment sequence
number to identify flights. It is equivalent to the -n (or --no_seqno) option (p. 43).

The Use input engine type checkbox will enable the use of engine reference in the input file. It
corresponds to the --e (or --engine) option (p. 42)

The Use input fuel burn rate checkbox corresponds to the option
-f (or --input_fuel_burn_rate) (p. 42) and enables the use of Fuel Flow fields of the input file.
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The Time Format corresponds to the -s (or --seconds) option (p. 42) and defines time as
seconds from midnight: this is another way to perform cross-midnight computations.

The Atmospheric data source option cannot be changed and is currently fixed to ISA
conditions as set in the atmosphere model (see also Reference tables tab).

The output section allows the user to include additional fields in the report: H20, CO2, HC,
VOCTOG, PM tot (total of Particulate Matter), PM details (PM volatile, non volatile, PM2.5,
PMO01). By default, AEM KERNEL will output minimum emission data, similar to the
-m (or --min_output) option (p 42).

The headers option lets AEM insert headers for each output column (see also -d or --
headers, p.43), while the raw data checkbox (see also -b (or --raw_input_data), p.43) adds
the input columns to the output.
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5.3.4 Advanced options tab

Bl AEM Kernel 2.2.5 x|

Skudy I Dpkions Advanced options | Reference tables I Help I

[T Generate missing LTC segrents

v Replace existing LT segment times

—Take off and landing time —Taxi time
& Aircraft specific  Airpork

& ICA0  CFMU
" AEROZK

¥ ICA0

r Recompute segment atkitudes

—aenerate emission oukput files

I per segment ™ per Flight [ per attitude

| 0%

Compuke emissions Exit

Figure 13: Advanced options tab
The Advanced options tab (Figure 13) gives access to additional settings and report layout.

The “Generate missing LTO segments” checkbox enables the user to generate missing
segments (see also p. 16). This is equivalent to the -g (or --generate) option (p. 41).

When enabling the ““Replace existing LTO segment times™ box, the user can choose from what
source the LTO times should come. This option corresponds to the -j (or --output_per_flight)
groups output records per flight

-u (or --output_per_attitude) groups output records per attitude

-k (or --keep_segment_times) option (p. 41)
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The Taxi time option corresponds to the -t (or --tim) option (p. 41). It allows selecting the data
source to use for the taxi phase computations.

The Take off and landing time setting corresponds to the -l (or --Ito) option (p. 42). When
selecting  “Aircraft  specific’, a tooltip will remind the wuser that the
Aircraft_Specific_Time_in_mode.txt file must be filled in.

The Generate emission output files section allows to group output according to the criteria
mentioned below.

Per flight segment: all flight segments are output.
Per flight: flight segments related to each flight are summed, burn rates are averaged.

Per flight phase: for each flight, segments are summed per flight phase; burn rates
are averaged.
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5.3.5 Reference tables tab

Bl AEM Kernel 2.2.5 x|
Skudy I Dpkions I Advanced options Reference tables | Help I

—Reference tables

BADA OpEn |
aircraft-Engine mix data OpEn |
Engine Emission Database open |
Airport/CEMU Taxi Time In Mode OpEn |
BERCZE Eaxi kimes open |
VOC TG conskanks open |
BEM-Kernel sywstem constants open |
ICAC Standard atmosphere data OpEn |
Airport skatic data open |

0%

Compuke emissions Exit

Figure 14: Reference tables tab

Figure 14 show the Reference tables tab. It allows to launch the Table viewer on selected
data files in use (Figure 15), and also allows to export those files. See also 4.1 Static Data
Tables (p. 27)
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Bl AEM.YOCTOG_CONSTANTS. bxt [_ O]
~Data viewer
CLASS YOCTOG_CONST VALUE
1 f6 HC_to_voc_Mukt... |0.99
z |6 YOC_Acetaldehyds | 0.04
LN Y¥OC_Acrolein 0.02
4 |6 YOC_POM_16-PAH |6.829E-5
5 |6 YOC_POM_7-PAH | 7.239E6
6 |6 YOC_Styrene 0.0037
7 |s YOC_to_TOG_M... |0.3
a |6 TOG_Butadiene  |0.01
3 |6 TOG_Benzene 0.01
106 T0G_Ethylbenzene |0.0015
11 |8 TOG_Formaldehy... |0.14
12 e TOG_Propionalde... 0,003
136 TOG_Taluene 0.0043
14 e TOG_ylene 0.0044

Figure 15: Table viewer
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5.3.6 Help tab

I AEM Kernel 2.4.0 x|
Study | Options | advanced options | Reference kables Help |

—online AEM kernel links

Support, questions

FAQH, wiki

latest CAMU data

—Local AEM kernel information

&) Release notes

&2 User Guide

&2 Disclaimer

| 0%

Compuke emissions Exit

Figure 16: Help tab

Figure 16 shows the Help tab. It provides access to various on-line resources.

5.3.7 AEM Gui.ini configuration file

The GUI configuration file is located in the GUI installation folder. Following sections
exist:

[PATH] section specifies the default output folder.
[HELP] section: contains the paths to the Help links that appear in the Help tab.

Note: this INI file might change in the future.
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5.4 THE GEOGRAPHIC CLIPPER TOOL

This is a separate tool that allows filtering of SO6 and AEM-PC files on time, altitude, area
and by polygon.

It can be found under the AEM Kernel program menu (Start > All Programs - Eurocontrol >
AEM Kernel - GEO clipper).

The tool will produce the same output type as its input. In case of AEM-PC flight files,
following needs to be remembered:

» The output will always be in seconds from midnight
» The field separator is always a semicolon

» If used, time specification DD/MM/YYYY HH:MM:SS.S[SSS...] must be followed
exactly.

» The traffic file is currently not processed
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5.4.1 Input section

om Geographic clipping kool - AEM Kernel Z.5.0 - | Ellil

Inpuk I Filters I

Input Eype: ISOE i I

[~ sSeconds From midnight

506 Files I:J:,I'NDSE-Ell‘l,l'ElEI‘l‘l,I'-ElEI‘I'I,I'tESt,I'E.':'u':'.M,I'DD|';.-'I;|I:II'IS,I'I:IIII|':.-'I;|I:II'|_HiI;||'|t.SDE CIpen |

Cukput direckary: I [ [MoScan) asm/aem)test/SaaM/palygons Cpen |
Filter! |

Figure 17: Geo tool - input section, SO6
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o Geographic clipping tool - AEM Kernel 2.5.0 - | Ellil

Inpuk I Filters I

Inpuk type:

[~ seconds From midnight

BEM-PZ ke Format

% HH:MM:S5

™ DDMMIYYYY HH:MM:S5.55

Reference date: |2I313,|'I33,|'19 ;I
Flight File: I Qpen
Traffic File: I CIpER

Cukput directory: Cpen |

Filber!

Figure 18: Geo tool — input section, AEM-PC
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5.4.2 Filtering section

@ Geographic clipping tool - AEM Kernel Z.5.0

Input Filters I

Fill extrema

=10l x|

- ¥ Time filter

From: | 2013{02/23 13:00:00 =] il |2013/02/23 17:00:00 ¥ |

-V alkitude (FL) Filker

Floor: IIZI,IZIIZI 5: ceiling: ISSEI,EIEI 5:

- ¥ area filker

Eype: W
botkom: IW top: Im
left: IW right: Im

expand by W

- ¥ Paolygon filker

polygon File: ID:,l'Nu:uSn:an,l'aem,l'aem,l'test,l'S.ﬁ..ﬁ.MIpDIygDnsItestpnlygnn.I:xt

¥ clip

Cukput directory: ID:,l'Nu:uSu:an,l'aem,l'aem,l'test,l'S.ﬁ..ﬁ.M,l'pu:-Iygnns

Filter! |

Figure 19: Geo tool - filtering section

Some widgets will provide a tooltip popup for additional information.

Different filters can be activated: the result will be those segments that pass all filters

(intersection).

- Page 57 of 59 -

internal use

This document was developed by staff or a representative of EUROCONTROL. Its content cannot be reproduced or
disclosed in any form without prior written authorization, to be requested from the programme manager.

© Copyright 2012 — All Rights Reserved.




: AEM-KERNEL Date: 19/03/2013
) N°: 2.26
v User Guide

Status: Draft

The area type can be geographic or spheric.

» A geographic area filter uses the four values to define a rectangular area on a
lat/long grid.

> A spherical area filter uses the four values to define a polygon whose corner
coordinates are defined by the four values, and which produces a filter that follows
rhumb lines. This type can produce unusual results when the corners are widely
spaced, due to Earth curvature: the actual filtered area will deform/curve towards the
closest pole.

Example polygon file format:

LatitudeD;LongitudeD;ElevationM
58.5;-11.0;0

50.9;5.9;0

48.0;-12;0

59.0;-15.0;0

58.5;-11;0

Note: the elevation is currently ignored.

Careful: polygon edges are rhumb lines!
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END OF DOCUMENT
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