Episode 3

Version: 3.00
D6.4-01 - Technical Validation Scenarios
EPISODE 3
Single European Sky Implementation support through Validation

|

)
—J
——
=

e

—
—

Sixth Framework Programme

i

Programme

Project title

Project N°

Project Coordinator
Deliverable Name
Deliverable ID

Version

Patrick LELIEVRE

THALES AIR SYSTEMS
THALES AVIONICS

Document information

Sixth framework programme Priority 1.4 Aeronautics and Space
Episode 3
037106
EUROCONTROL Experimental Centre
Technical Validation Scenarios
D6.4-01
3.00
Owner

AIRBUS

Contributing partners

Page 1 of 37

Issued by the Episode 3 consortium for the Episode 3 project co-funded by the European Commission and Episode 3

consortium.




Episode 3
Version: 3.00
D6.4-01 - Technical Validation Scenarios

- This page is intentionally blank -

Page 2 of 37

Issued by the Episode 3 consortium for the Episode 3 project co-funded by the European Commission and Episode 3
consortium.




Episode 3
Version: 3.00
D6.4-01 - Technical Validation Scenarios

DOCUMENT CONTROL

Approval
Role Organisation Name
Document Owner Airbus Patrick LELIEVRE
Technical Approver Airbus Patrick LELIEVRE
Quality Approver EUROCONTROL Catherine Palazo
Project Coordinator EUROCONTROL Philippe LEPLAE

Version history

Justification - Could be a

Version Date Status Author(s) reference to a review form or
a comment sheet
1.00 04-Aug-09 Approved Patrick LELIEVRE Initial scope approved by the
Episode 3 consortium.
2.00 17-Dec-09 Approved Thierry PERSON Approved by the Episode 3
Jean-Etienne DERAET consortium
Xavier JOURDAIN
Laetitia LECONTE
Eric PETRE
Patrick LELIEVRE
3.00 12-Apr-10 Approved Patrick LELIEVRE Approved by the Episode 3
consortium
Page 3 of 37

Issued by the Episode 3 consortium for the Episode 3 project co-funded by the European Commission and Episode 3

consortium.




Episode 3
Version: 3.00
D6.4-01 - Technical Validation Scenarios

TABLE OF CONTENTS

EXECUTIVE SUMMARY ..ottt ettt e e e e e e et e e et e e e e e e s et e e eeebanes 6
1 NI RO 1510 L O I (] 1 A 7
1.1 PURPOSE OF THE DOCUMENT ...ctuiiitniitiiittieittestteestesstsssasesanassaessnsssnesstneesssssnesssnseres 7
1.2 INTENDED AUDIENCE .....uittuituittteetttetaeetteesaessaesta e st essteesaetanesstatesassstsesnseranaasrns 7
1.3 DOCUMENT STRUCTURE ... cittiittieitet ettt et e sttt e et e e st e s e et eesa s ean s st ee st sssnasaaneres 7
1.4 GLOSSARY OF TERMS .. ittiittiitie it ettt e et e et e et e s e et e e e et e et e e e b e s sb s e st e san s st e enansssans 8
2 SCENARIO 1 — USING DOWNLINKED TRAJECTORY IN THE GRO UND SYSTEM.. 10
2.1 (@] 23] =T 1 1Y/ = 10
2.2 OVERALL DESCRIPTION ..uuiiiitteieiitieeeeeteeeeeaa e e s eaaeeesetaaeesaaaessssanesesasnesessnneessannaeerernnns 10
2.3 DETAILED DESCRIPTION ..cuuiiitiiitieittieitt et essteestesstesssasesaessassaaessa s st se st sstneesnessnns 10
3 SCENARIO 2 — INITIAL 4D CONCEPT: NEGOTIATION AND EX ECUTION ............... 13
3.1 (@] 230 =T 1 1Y/ = 13
3.2 OVERALL DESCRIPTION ..uuiiiiittieiitieeeeeteeeeeet e e s eaaeeesstaaeeesaaessssaneeesaaneesssnneessannaserernnns 13
3.3 DETAILED DESCRIPTION ..euuiitiiitiieitieeetieeteestaeestessteesttsestnesstessnaeesaeesteeeteesteesnaessnns 14
4 SCENARIO 3 — ASAS SPACING “REMAIN BEHIND” AND “MERG E THEN REMAIN
BEHIN D et eee et et e e e e e ra et e ateaa et e et raaaars 17
4.1 (@121 (o 11/ =T 17
4.2 OVERALL DESCRIPTION ..tutittutiittietttiestetsteestersnesstasestnsssnsstnssssesstsesssessnesssnsersneesnnnes 17
4.3 DETAILED DESCRIPTION . ..uuitttiitttetttettteeanessteestetstssssessnessteesnessneestnteressreesaessnns 18
5 SCENARIO 4 — ASAS SPACING “HEADING THEN MERGE AND R EMAIN BEHIND”
19
5.1 (@121 (o 11/ =T 19
5.2 OVERALL DESCRIPTION ..tutittttiittettaiettetsteesterssesstasessnsssnsstntsssnesstsesssessnesssnsersnessrnnes 19
53 DETAILED DESCRIPTION . ..cuuittuetttetttetttesanesstaeestetstssssessnessteesnessneestnteressreesaessnn. 20
6 SCENARIO 5 — TRANSITION FROM CTA CONSTRAINT TO ASAS S&M OPERATION
23
6.1 (@] 230 =T 1 1Y/ = 23
6.2 OVERALL DESCRIPTION ..uuiiiittnieiitieeeeeteeeeeea s e s eaaeeesstaeessaaessssaneeesasnessesnneessannaeerernnns 23
6.3 DETAILED DESCRIPTION . ..cuuittnitttettteettesaessteestetstesssessesstessnessneestnteraessteesessnn. 24
7 SCENARIO 6 — 4D AIRBORNE NAVIGATION CAPABILITY FOR CTA/RNP............ 26
7.1 (@] 230 =T 1 1Y/ = 26
7.2 OVERALL DESCRIPTION ..uuiiiittieiitieeeeeteeeeeea e e s eaaeee s st eee st esssaanesesaanessesnneessaaneerernnns 26
7.3 DETAILED DESCRIPTION . ..uuttttuttttettteeettteeteestaeestetssaessntestaeestaessnaesseestneeesaeestaeesnessnns 27
8 REFERENCES AND APPLICABLE DOCUMENTS ...t e 30
8.1 [ = = = =T N =1 T 30
8.2 APPLICABLE DOCUMENTS L1utitttittniittietteittsetasesaaesstassstsessnesstssssssstestnsersnesstresssessnns 30
ANNEX - FLIGHT PLAN FOR INITIAL 4D EVALUATIONS ..... oo 31
Al TRAFFIC CHARACTERISTI I S . e et e 31
A.2 EPOPEE A/C FLIGHT PLAN ..ottt ittt e e e e e e e eeate s s e e e s e eaabs s e e e s e s eeabaaaseeessenes 32
A.3 MERGING TRAFFIC ..ot et r e e e e e e e e s aaas 35
Page 4 of 37

Issued by the Episode 3 consortium for the Episode 3 project co-funded by the European Commission and Episode 3
consortium.




Episode 3
Version: 3.00
D6.4-01 - Technical Validation Scenarios

LIST OF TABLES
L= Lo L= R ] 0 177 Y PSSR 9

Figure 3-1 — INitial 4D SCENAITO......eeeiiiiiiiiiie ettt e e e e et e e e e e e e e aneaeeeeaaeeeaans 15
Figure 5-1 — ASAS SPACING = 2 SCENAIIO .....ueeiiiaeeiiiiiiiiitaa e et e e aa e e e e aeeteeeeaaeeesanneraeeeaaaaeaaans 20
Figure 6-1 — Transition from CTA constraint to ASAS S&M operation scenario..................... 24
Figure 7-1 — Example of RTA definition in batch tool ..., 27
Figure 7-2 — Example of batch tool printout for one flight............ccccoiiii e 29
Figure 7-3 — Example of batch tool printout for one batch ..........ccccccoovvii 29
Figure 8-1 — Initial 4D flight PlanS .......ccooieiiiiie e 31
Figure 8-2 — Initial 4D - STAR MOdifiCatioN ...........ccvviiiiieiiiiiiie e 32
Figure 8-3 — Initial 4D - VIA MOdifiCAtiON .......ccceeiiiiiiiiiiie e 32
Figure 8-4 — Initial 4D - STAR for EPOPEE A/C ......ovviiiiei ittt setee e e e e 33
Figure 8-5 — Initial 4D — VIA for EPOPEE A/C ..ottt ettt a e 34
Figure 8-6 — Initial 4D - STAR for merging traffiC .........ccccouiiii e 35
Figure 8-7 — Initial 4D - VIA for merging traffiC ... 36
Page 5 of 37

Issued by the Episode 3 consortium for the Episode 3 project co-funded by the European Commission and Episode 3
consortium.




Episode 3
Version: 3.00

D6.4-01 - Technical Validation Scenarios

EXECUTIVE SUMMARY

Episode 3 is in charge of the initial validation of the operational concept as expressed by
SESAR Task 2.2. The initial emphasis is to perform a system level assessment of the
concept’s ability to deliver the defined performance benefits in the 2020 timeframe.

Episode 3 Work package 6 supports this system level assessment by validating air and
ground functions linked to concept elements, whose Initial Operating Capability dates are
around 2013-2015, and delivering initial performance and industrial feasibility elements
paving the way towards the target concept.

In order to be efficient and focus on SESAR core elements, evaluations performed in Episode
3 Work package 6, were limited to Initial 4D and ASAS sequencing & merging air and ground
functions.

This document describes the scenarios to be used during technical validation activities.
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1 INTRODUCTION

1.1 PURPOSE OF THE DOCUMENT

This document shall provide an overall description of the operational scenarios to be used
during technical validation activities performed in Episode 3 WP6 - Technological enablers.

As described in EP3 DOW [13], technical validation activities have been scheduled in two
steps:

e An initial step called “Initial scope” focuses on the Initial 4D concept and the two
Airborne Separation Assurance System Sequencing & Merging (ASAS S&M)
manoeuvres that are neither requiring FMS modifications, nor the THALES AIR
SYSTEMS air traffic simulator use (“Remain behind” and “Merge then remain behind”);

e The final step called “Extended scope” further refines the Initial 4D concept, extends
ASAS S&M to all three manoeuvres defined in the Requirements Focus Group RFG
ASPA OSED 30 (“Remain behind”, “Merge then remain behind” and “Vector then
merge behind”) and then transition from CTA constraint to ASAS S&M operation and
the impacts on the procedures and systems.

e The current version of this document includes the scenarios needed to carry out the
“Initial scope” validation and the “Extended scope” validation, is an official deliverables
to the European Commission and will be made public after official approval

The scenarios used for these technical validation scenarios make use of today's route and
airspace structure, rather than the user preferred trajectory environment which is the objective
of SESAR for 2020. As the impact assessmentis focused at the detailed technological
aspects of the system, the choice of a structured route environment does not limit
the relevance of the results to the 2013/15 timeframe.

1.2 INTENDED AUDIENCE
This document is to be used:

* As a communication material to the community, including the Episode 3 consortium,
SESAR JU and the European Commission;

 As a reference for technical validation teams to ensure that major elements of
validation scenarios are properly shared and agreed.

Note: This document does not replace the detailed scenarios, briefings and questionnaires to
be used during the evaluations, which remain internal to AIRBUS.

1.3 DOCUMENT STRUCTURE

Sections 2 and 3 describe the scenarios used for validation of Initial 4D (linked to EP3 WP
6.4.2 - Air Ground Initial 4D Management).

Sections 4 and 5 describe the scenarios used for validation of ASAS S&M (linked to EP3 WP
6.4.3 - Spacing Performance Validation).
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Section 6 describes the scenarios used for validating the transition from CTA constraint to
ASAS S&M operation (linked to EP3 WP 6.4.4 — transition from CTA constraint to ASAS S&M
operation).

Section 7 describes the scenarios used for assessment of CTA performances in the airborne
system (linked to EP3 WP 6.4.1 — 4D Airborne Navigation Capability for CTA / RNP).

The Appendix 1 gives more details about flight plans and environment used in the scenarios.

1.4 GLOSSARY OF TERMS

Term Definition
3D Three Dimensional (LAT, LONG, ALT)
4D Four Dimensional (LAT, LONG, ALT, TIME)
AlC Aircraft
ADS Automatic Dependent Surveillance
ADS-B Automatic Dependent Surveillance - Broadcast
ADS-C Automatic Dependent Surveillance - Contract
AIS Aeronautical Information System
AOC Airline Operational Communication
ASAS Airborne Separation Assurance System
ASPA ASAS Spacing
ATC Air Traffic Control
ATM Air Traffic Management
ATSU Air Traffic Service Unit
CPDLC Controller/Pilot Data Link Communication
CTA Controlled Time of Arrival
DCDU Data Communication Display Unit
EIS Electronic Instrument System
E-OCVM European Operational Concept Validation Methodology
EP3 Episode 3
EPOPEE Airbus Cockpit Simulator
ETA Estimated Time of Arrival
ETAmax Latest achievable ETA over a waypoint
ETAmin Earliest achievable ETA over a waypoint
EUROCAT THALES AIR SYSTEMS product for civilian Air Traffic Control Centres
FAF Final Approach Fix
FCU Flight Control Unit
FDPS Flight Data Processing
FG Flight Guidance
FIR Flight Information Region
FIR Flight Information Region
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Term Definition
FL Flight Level
FMS Flight Management System
HMI Human Machine Interface
ILS Instrument Landing System
Ju Joint Understanding
MCDU Multi-purpose Control and Display Unit
MRTS Multi Radar Tracking System (EUROCAT)
MTCD Medium Term Conflict Detection
ND Navigation Display
OoDS Operator Display System
OSED Operational Services and Environment Definition
PFD Primary Flight Display
RFG Requirements Focus Group
RNAV Area Navigation
RNP Required Navigation Performance
RTA Required Time of Arrival
RWY Runway
SESAR Single European Sky ATM Research
S&M Sequencing & Merging
STAR Standard Arrival
TBD To Be Defined
TC Traffic Computer
TGMS Trajectory Guidance Management System
THR Threshold
TMA Terminal Area
TP Trajectory Predictions
TOD Top Of Descent
TRL Technology Readiness Level
TR6 Thales Air Systems
UIR Upper Information Region
WILCO Will be Complied with
WP Work Package

Table 1 - Glossary
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2 SCENARIO 1 - USING DOWNLINKED TRAJECTORY
IN THE GROUND SYSTEM

2.1 OBIECTIVE

The primary objective of this scenario is to use aircraft downlinked trajectory in the ground
system to improve the ground trajectory predictions, and as a consequence, to highlight the
benefits on the ground functions that rely on the predicted trajectories -, with a potential focus
on the MTCD (if relevant) or other functions.

Other objectives are:

« Verify whether the elements of the 4D-trajectory that are downlinked, and the way they
are downlinked (e.g. rate) meet the ground Trajectory Predictions needs;

« ldentify the potential elements that should also be downlinked (if any) not only to meet
the ground Trajectory Predictions needs, but also to be displayed on the Controller
Working Position;

« List potential amendments that may be proposed to the standardisation groups dealing
with ADS-C.

2.2 OVERALL DESCRIPTION

The aircraft downlinks its trajectory to the ground system, periodically and on change events.
The ground system uses the downlinked trajectory to improve its trajectory prediction.

The aim is to compare the situations with and without the use of downlinked trajectory. The
scenario highlights the visible effects for the controller.

Note: this scenario will not be run with pilots as no cockpit aspects are at stake.
2.3 DETAILED DESCRIPTION

The scenario uses the flight plan described in Appendix 1 (8 0) and starts at takeoff.
EPOPEE aircraft sends its 4D trajectory to the ground system.

The flight initial trajectory is altered through:

« Changed actual weather (or meteorological) conditions from forecasted ones loaded &
used by FMS

* Cost Index modification

* Speed change.

! It is expected that the following ground functions should benefit from the improvement of the
ground TP predictions: Flight Data Processing (FDP), Coupling, Safety nets, Medium-Term
Conflict Detection (MTCD), Air Traffic Situation Display.
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The 4D trajectory sent to the ground system provides the complete list of points managed in
the FMS from the current position to the runway threshold of the airport of destination. These
points are not only the waypoints of the flight plan route but also intermediate points
computed locally in the FMS. For each point the following information is provided:

« Position in latitude and longitude

e Level

« Estimated Time of Over-fly

« Point type (for some of these points, for instance 'Top of Climb' or 'Top of Descent’)

Note that neither the RTA nor the ETA;, and ETA,,x on the points are provided. The request
for information on ETA, and ETA .« are performed by the ground system in CPDLC (not in
ADS-C).

The TTA is not provided with the 4D trajectory.

The ground system uses EPOPEE aircraft 4D trajectory to update its trajectory prediction.
The look ahead of the ground system prediction is until the runway threshold and the aircraft
4D trajectory may be used to update it until this last point.

The controller requests the EUROCAT system to display the trajectory computed by the
ground, the airborne downlinked trajectory (lateral and vertical views), and the table of
estimates over LARPO?,

The MTCD is in operation.

First step: The scenario runs without taking into account the downlinked trajectory in the
ground system. The ground system does not receive 4D trajectory prediction from the aircraft
yet.

Expected observations:

« Due to the ground Trajectory Predictor not taking into account the downlinked
trajectory, there are discrepancies between the times over LARPO estimated by the
ground and the aircraft systems and differences between the two vertical profiles. This
is mainly due to the different models used by the aircraft and the ground systems (The
Ground System uses the BADA and when available GRIB meteo data, it is not
simulated in the run scenarios. The airborne FMS uses Aircraft performance models
and Weather data for waypoints along the flight plan), the different data and unplanned
events faced by the aircraft (e.g. unplanned winds)

« A conflict is detected by MTCD.

« Nevertheless, periodically, EUROCAT computes internal 4D automatic position reports
from the tracks issued by conventional surveillance means (radar, etc.) and uses these
reports to update its ground flight plan accordingly, thus progressively getting closer to
the airborne predicted trajectory.

e This process therefore converges but much slower than if the ground Trajectory
Predictor had received the aircraft trajectory.

2LARPO s a map navigation way point used as merge point
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e The ATCo takes no specific additional action during the run of the scenario.

Second step: The scenario runs taking into account the downlinked trajectory in the ground
system: The EUROCAT MTCD is tuned considering the trajectory accuracy improvement.

The MTCD function needs to be tuned in order to reach an acceptable trade-off between its
two key performances:

« Percentage of nuisance alerts (i.e. ratio between the number of mistakenly detected
future conflicts and the number of genuine conflicts), which should not be too high to
maintain ATCo confidence in this function

e The reliability of the MTCD function (the genuine future conflicts should not be missed)

Increasing the accuracy of the predicted trajectories (which are the main inputs of this
function) enables to "tune" the MTCD (mainly increase its sensitivity) which leads to improve
the two above-mentioned performance parameters.

Expected observations:

* The estimates and vertical profile between ground trajectory and airborne trajectory are
nearly the same;

* No conflict is detected by the MTCD;

* The estimates over LARPO are stable.
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3 SCENARIO 2 - INITIAL 4D CONCEPT:
NEGOTIATION AND EXECUTION

3.1 OBIECTIVE

The objective of this scenario is to show a first application of the Initial 4D concept based on
the negotiation and the execution of a 3D trajectory + a single CTA.

The trajectory downlinked by the aircraft is a "4D-trajectory” in the sense that it each point is
associated with a planned time. Nevertheless, during the air/ground negotiation, only one time
constraint (CTA) is given to the aircraft by the ATC. The aircraft recomputes a 4D-Trajectory;
including an ETA that tries to meet the CTA.

The exercise addresses technical validation and focuses on:

« Feasibility of a CTA negotiation between the air traffic controller and the flight crew,
taking into account downlinked information (4D trajectory, [ETAmin, ETAmax]window)
and using CPDLC messages;

e Capacity of the FMS to comply with a CTA with an accuracy of 10s, including
robustness to meteo forecast errors.

This scenario is linked to OS-33: "Negotiating a proposed ATC revision to the RBT due to
queue management".

3.2 OVERALL DESCRIPTION

An aircraft arriving within a TMA negotiates a 3D trajectory and a CTA before reaching the
Top of Descent (TOD). Then the aircraft flies according to the agreed trajectory and respects
the CTA constraint thanks to a speed regulation performed by the FMS.

The EPOPEE A/C flight plan is based on RNAV. To challenge RTA capability of the FMS, the
most demanding configuration3 has been chosen:

* No level-off between the Top of Descent and the CTA waypoint (i.e. the waypoint
where the time constraint is set);

e The CTA waypoint is below FL100.

The CTA shall be uplinked to the A/C before the Top of Descent. Indeed, the [ETAmin ETAmax
window for which a CTA can be satisfied, that is to say “time control authority”4 to meet
controlled time, is not wide enough when the A/C is in descent phase. So, it is assumed that
AMAN horizon (active advisory horizon) will extend to En-Route airspace.

Note: The scenario has been designed to demonstrate airborne and ground performances
and not to be fully operationally representative from a controller perspective. Even if no
specific separation problem was anticipated, it has not been for example ensured that this

® Less deceleration / speed adjustment scope when level segment absent, FMS do not
regulate below FL 100 ...

4 Technically is rather speed control authority to meet the controlled time
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could not happen. However, it has been ensured that the results obtained are relevant in a
representative operational environment.

3.3 DETAILED DESCRIPTION

The scenario uses the flight plan described in Annex but starts 20 minutes before the Top of
Descent. All involved aircraft are airborne.

The EPOPEE A/C establishes CPDLC and ADS-C connections.

At the beginning of the scenario, the actual arrival route is not yet defined in the FMS of the
EPOPEE A/C.

A first CPDLC route clearance (“UM83"), corresponding to the flight plan arrival route, is
provided to the pilot.

The pilot uploads and activates this route in the FMS.

The new 4D trajectory (ADS-C “Extended Projected Profile" (EPP) group) is downlinked to the
ATC.

On the MCDU, the pilot requests winds and temperatures to AOC, leading to an update of the
data.

The 4D trajectory is updated, taking into account the new wind and temperature data, and
downlinked to the ATC.

The controller requests the EUROCAT system to display the list of flights planned to fly over
LARPO:

« Flight TR6001, coming from OMAKO, is estimated over LARPO at To (RTA)

+ EPOPEE aircraft is estimated over LARPO at To+90".

* Flight TR6004 is estimated over LARPO at To+4.5’ (RTA).

e ATC uses a speed control technique for TR6003 to separate it from the EPOPEE A/C
towards the merge point. There is no RTA but the flight is expected to arrive at LARPO
90 sec behind EPOPEE.

TR6001 and TR6004 are equipped with RTA capability (i.e. they will actually fly over

LARPO at the estimated time). They are using a STAR different from the EPOPEE aircraft
STAR (MOUSE VIA LARPO), merging at LARPO®.

® For technical demonstration purposes this validation scenario seems to depart from the
Initial 4D concept descriptions where a point further out (E.g. IAF) would more likely be used
as CTA point.
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sequence LARPO 90sec after
EPOPEE A/C

RTA=To+90sec

Q)

EPOPEE A/C

@ Controlled by ATC so that will

SEQUENCE@ LARPO is:
AIC1 S AIC2(EPOPEE)A/C3 S A/C4

RTA=To @

* A/IC1 & 4 are fully scripted. Sequence time at
LARPO is predefined.

* A/IC2 is EPOPEE; will fly RTA.

« AIC3 is controlled by ATC (it is supposed to
simulate non-RTA equipped a/c). ATC will assign
speed vectors as required.

RTA=To+4.5min @

IDEALLY, RTA assigned to EPOPEE is equal to
ETA+30sec (RTA will thus require a/c
deceleration)

Figure 3-1 — Initial 4D scenario
The controller prepares a pre-sequence of aircraft over LARPO®. In order to implement the
sequence he/she asks the EPOPEE A/C to indicate the ETAni, and ETAq.y it could respect at
LARPO.

The airborne system automatically answers the controller with ETA,;, and ETAp, over
LARPO via ADS-C (thus transparent to the crew).

Around 10 minutes before Top of Descent, the controller gives a CTA to the EPOPEE aircraft
at To+120™ (+30” later regarding current estimation) over LARPO, compatible with ETA,
and ETAnax The ground system sends a CPDLC uplink message corresponding to this
action.

The pilot waits for the uplink message to be displayed on the DCDU and loads the message
in the FMS.

The pilot sends a WILCO message’ to the ground system.
The FMS re-computes the trajectory and downlinks the recomputed trajectory.

The ground system takes into account the new trajectory.

® There is no AMAN to optimize inbound stream and no consideration is devoted to wake
turbulence categories

" wiLco message “Will be Complied with”: is a message send by a pilot to confirm that
he/she is agreed with message from controller and he/she will be complied with
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The controller manages via speed clearances the TR6003 flight that follows the EPOPEE
aircraft in order to continue to respect a 90” spacing with it.

The controller gives level clearances to the EPOPEE A/C so that it is able to continuously
descend without level off.

Alternative#1.:
The EPOPEE A/C respects the CTA with required +/-10sec CTA accuracy.
Alternative#2:

The EPOPEE aircraft is not able to comply with the CTA (discrepancy between airborne
meteo data and real meteo conditions, higher than CTA meteo error robustness requirement).

Either the ground or airborne side can detect the “CTA missed” event. When the CTA is
predicted “missed”, either a new CTA can be negotiated (typically when the a/c is in cruise
phase) or the ATC controller can revert to non-CTA operations via speed/lateral vectoring
(typically the case when the a/c is in descent phase, close to the CTA point).

Later on, the controller gives a new CTA following the same principle.
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4 SCENARIO 3 - ASAS SPACING “"REMAIN BEHIND”
AND “"MERGE THEN REMAIN BEHIND”

4.1 OBIECTIVE
The objectives of this scenario are:

e To consolidate the description of the ASPA S&M operations (collect issues to be
confirmed / discussed with controllers),

« To confirm the technical feasibility and assess the on board acceptability of onboard
ASPA S&M function for two of the three possible manoeuvres: “Remain behind” and
“Merge then Remain behind”

4.2 OVERALL DESCRIPTION

To build the arrival sequence and have it maintained during the descent down to the
approach, the controller has to insert the EPOPEE aircraft N seconds behind a target aircraft
(typically: 60 to around 200° seconds).

The controller uses one of the ASPA S&M instructions in order to fine tune and maintain the
sequence he/she started to build (either manually or thanks to a pre-sequencing technique
like Initial 4D) so as to sequence EPOPEE aircraft N seconds after the target aircraft.

Then either the requested manoeuvre is correctly operated, or an unexpected behaviour of
the target leads the EPOPEE aircraft to fail the following of the target A/C.

Therefore, two sub-scenarios are foreseen:
* 3-a: Nominal case.

A “remain behind " or a “merge then remain behind ” instruction can be given to
the EPOPEE A/C since the pre-sequencing was successfully done by the controller;
the “remaining " phase of the scenario runs correctly without specific difficulty;

« 3-b: Alternative case.

A first ASAS sequencing & merging instruction is given (“remain behind " or “merge
then remain behind ") that EPOPEE A/C cannot comply with. The flight crew
informs it to the controller who gives another S&M instruction.

Whatever the scenario, each time an ASAS sequencing & merging instruction is given by the
controller to the A/C, the S&M manoeuvre is carried out in two steps:

e Spacing establishment;

« Maintaining of the spacing.

® This value was chosen to be able to insert an additional aircraft further downstream in the
sequence (so spacing between two aircraft when this downstream merge occurs becomes
~100 sec / ~10 Nm)
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Each S&M instruction is given via datalink communication. CPDLC message contains all the
elements used to perform a manoeuvre.

The Ground System provides the controller with the possibility to manage the ASAS S&M
dialogue with the aircrew in one or two steps: the controller can first request to the aircrew to
select the target, second to instruct the aircrew the ASAS manoeuvres relatively to this target,
but the controller can also group the target selection and the ASAS instruction in a single
command. These two different ways for initiating the ASAS manoeuvres will be discussed
with controllers when running the scenario.

4.3 DETAILED DESCRIPTION

The scenario takes place at the end of cruise and then in descent and approach phases in a
medium or high-density airspace: the instructed time spacing value is between 60 and around
200 seconds.

The flight crew on EPOPEE A/C is asked by the controller to identify the target A/C for which
an ASAS S&M clearance will be issued.

The controller manages the EPOPEE descent by giving level instruction.
Alternative#1:

The controller gives the EPOPEE A/C a “remain behind " instruction. The flight crew engages
the manoeuvre.

The acquisition and the maintaining of the spacing occur without specific difficulty.
Alternative#2:
Event 1: Merge then remain behind manoeuvre with a failed acquisition phase.

The controller gives the EPOPEE A/C a first “Merge then Remain behind” instruction. The
flight crew engages the manoeuvre.

After a few minutes, the flight crew is notified of the inability by the EPOPEE A/C to acquire
the instructed spacing at the merge waypoint due to the target A/C behaviour (its speed has
changed outside the range of EPOPEE A/C performance envelope).

Event 2: Merge then remain behind manoeuvre with flaps extension and loc/glide capture

The controller gives the EPOPEE A/C a second “Merge then Remain behind " instruction.

The EPOPEE A/C has no difficulty to acquire and maintain the instructed spacing.
In both alternatives the scenario ends once EPOPEE A/C has landed.

Note: this scenario was run during the Initial Scope Phase with reduced simulation means
and without the EUROCAT system.
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5 SCENARIO 4 - ASAS SPACING "HEADING THEN
MERGE AND REMAIN BEHIND"”

5.1 OBIJECTIVE
The objectives of this scenario are:

e To consolidate the description of the ASPA S&M operations (collect issues to be
confirmed / discussed with controllers),

« To confirm the technical feasibility and assess the on board acceptability of onboard
ASPA S&M function for the third manoeuvre: “Heading then Merge and Remain
behind”

5.2 OVERALL DESCRIPTION

To build the arrival sequence and have it maintained during the descent down to the
approach, the controller has to insert the EPOPEE aircraft N seconds after a target aircraft
(typically: 60 to around 200° seconds).

The controller uses one of the ASPA S&M instructions in order to fine tune and maintain the
sequence he/she started to build (either manually or thanks to a pre-sequencing technique
like Initial 4D) so as to sequence EPOPEE aircraft N seconds after the target aircraft.

The EUROCAT system exploits the 4D-trajectory downlinked by the aircraft to enhance its
own time and altitude profile predictions. All flights are not descending by default with the
same profile, and their spacing is not completely optimized on the converging point.

Therefore, from this point onwards, the controller will change the control procedure, using
ASPA S&M instructions in order, first to adjust the spacing, then to maintain it between
aircraft down to the final approach fix. As in scenario 3, the controller has to insert then
maintain the EPOPEE aircraft 180 seconds after a target aircraft then 90 seconds behind
another one inserted in the string further on the path to the FAF. The experimented ASAS
S&M manoeuvre will be the 3" one “Heading then Merge and Remain behind”.

Then either the requested manoeuvre is correctly operated or, an unexpected behaviour from
the target leads the EPOPEE A/C to fail the following of the target A/C.

Nominal cases are played for each manoeuvre:
« A S&M instruction can be given to the EPOPEE A/C since the pre-sequencing was
successfully done by the controller; the “remaining” phase of the scenario runs correctly
without specific difficulty;

Whatever the scenario, each time an S&M instruction is given from the controller to the A/C,
the S&M manoeuvre is done in two steps:

e Spacing establishment;

® This value was chosen to be able to insert an additional aircraft further downstream in the
sequence (so spacing between two aircraft when this downstream merge occurs becomes
~100 sec / ~10 Nm)
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« Maintaining of the spacing.

Each S&M instruction is given via datalink communication. CPDLC message contains all the
elements used to perform a manoeuvre. This part will also discuss with controllers.

oy

H eading then Merge
atid Bem ain behind

EEHIA

SOLEA

Heading then Merge LASAT
and Femain behind

Figure 5-1 — ASAS Spacing - 2 scenario

5.3 DETAILED DESCRIPTION

The scenario takes place at the end of cruise and then in descent and approach phases in a
medium or high-density airspace.

The scenario uses for EPOPEE A/C (flight identification AIBO01) the flight plan described in
Appendix 1, but starts on the airway UN852 before LIMGO, i.e. close from the Top of
Descent. Its actual arrival route is already defined in FMS, following UN852 until LIMGO then
RENSA and the STAR RENS4E. AIB0O0L1 is flying in vertical managed mode. All other aircraft
involved directly in the scenario are airborne, following routes that will rejoin AIBOO1 at
RENSA or SOLBA.

The ATC system receives surveillance and ADS-B data for all aircraft, including AIBO01 and
AIBO01 provides as well the ATC system with an “ADS-C” 4D predicted trajectory. EPOPEE
A/C is connected in CPDLC with the ATC system.

The controller manages the EPOPEE descent by giving level instruction.
First ASAS manoeuvre

When the simulation starts, AIBOO1 is expected to cross the point RENSA at a time that is
about 180 seconds after the estimated time of over-fly of the flight DLH4344.

But AIBO01 and the other flight DLH4344 have an expected time spacing from RENSA that
become smaller than the planned one, necessitating an intervention of the controller for
delaying AIBO0O1 on RENSA. Due to the proximity of this point, the controller will select an
ASAS S&M “Heading then Merge and Remain behind” manoeuvre as follows:

SELECT TARGET TURN HDG THEN MERCE AT
AND REMAI N BEH ND TARGET

Page 20 of 37

Issued by the Episode 3 consortium for the Episode 3 project co-funded by the European Commission and Episode 3
consortium.




Episode 3
Version: 3.00
D6.4-01 - Technical Validation Scenarios

(Target Selection and ASAS S&M clearances will be sent in a single CPDLC uplink message,
represent the Heading that will be keyed in by the controller)

The CPDLC clearance will be displayed on the DCDU. Then, the flight crew will select the
cleared heading on FCU and pull (making the flight change to a lateral mode). When
established on the heading the flight crew will LOAD the clearance, check the feasibility of the
manoeuvre by the traffic computer and the FMS, activate the ASAS sequencing & merging
manoeuvre and finally, send the WILCO in response to the controller CPDLC clearance.

Then the EPOPEE A/C will automatically perform the manoeuvre, turning to the merge point
at a time computed by the FMS.

On the controller position, a link will be displayed between the target A/C and the instructed
aircraft for monitoring the pair of involved aircraft and the progress of the manoeuvre. The
controller will have the possibility to display the 2D trajectory reported by the aircraft and
therefore visualise the aircraft path until the merge point as well as its Estimated Time Over
this point.

After crossing RENSA, merge point of the first ASAS sequencing & merging manoeuvre,
EPOPEE A/C will remain spaced from DLH4344 for a while, following in lateral its STAR
RENSA4E. The controller will clear to the aircrew to descend to the altitude FL110 and the
AIBOO01 aircraft will cope simultaneously with the altitude constraint and the ASAS manoeuvre
in progress.

Transition from the first ASAS manoeuvre to the sec ond one

While EPOPEE A/C is in the approach of a subsequent merge point, SOLBA, the controller
will insert another flight (AFR0566, converging from the north) in the sequence between
DLH4344 and AIB0OO1.

She/he will first cancel the current ASAS sequencing & merging manoeuvre by voice.

The EPOPEE aircrew will then cancel the manoeuvre, temporarily returning to a selected-
speed mode (using the current speed as the selected speed).

Once the first manoeuvre is cancelled, the controller will initiate the new one. Again the ASAS
sequencing & merging 3" manoeuvre HEADING THEN MERGE AND REMAIN BEHIND will
be selected:

SELECT TARGET TURN HDG THEN MERGE AT AND
REMAI N BEHI ND TARGET

The EPOPEE aircrew will load and accept the clearance the same way as for the first
manoeuvre.

Then the ASAS manoeuvre will continue until an automatic cancellation on board, when the
aircraft reaches the altitude of 2000 feet.

During the simulation, the controller will also issue clearances to the ATG pseudo pilot for the
other aircraft involved in the scenario (speed and level clearances).

In an alternative scenario, the controller might issue to the pseudo pilot, instead of speed
adjustment clearances, instructions for ASAS S&M manoeuvres (only “REMAIN BEHIND” or
“MERGE THEN REMAIN BEHIND” manoeuvres): in such a case the pilot will have to adjust
by himself the speed of the corresponding aircraft to comply with the requested spacing.

Page 21 of 37

Issued by the Episode 3 consortium for the Episode 3 project co-funded by the European Commission and Episode 3
consortium.




Episode 3
Version: 3.00
D6.4-01 - Technical Validation Scenarios

The scenario ends once EPOPEE A/C has sequenced the second merge waypoint.
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6 SCENARIO 5 - TRANSITION FROM CTA
CONSTRAINT TO ASAS S&M OPERATION

6.1 OBIECTIVE
The objectives of this scenario are:

e To confirm the technical feasibility and assess the on-board acceptability of a transition
from an Initial 4D procedure based on a CTA to an ASPA S&M procedure for one of the
following possible manoeuvres: “Heading then Merge and Remain behind”;

« To confirm that such transition is manageable for the ATC controller. Notably, the
scenario will allow investigating the ability for the controller to perform such transition in
a smooth way and to continue to optimise the sequence of aircraft after having
delegated the spacing to the respective aircrews.

6.2 OVERALL DESCRIPTION

To build the arrival sequence and have it maintained during the descent down to the
approach, the controller has to insert the EPOPEE aircraft in medium-density airspace.

The controller starts to build a sequence thanks to a pre-sequencing technique like Initial 4D.
A CTA is sent to EPOPEE A/C on a specific waypoint via CPDLC.

The EUROCAT system exploits the 4D-trajectory downlinked by the aircraft to enhance its
own time and altitude profile predictions.

All flights are not descending by default with the same profile, and their spacing is not
completely optimized on the sequencing point. Therefore, from this point onwards, the
controller will change the control procedure, using one of the ASPA S&M instructions in order,
first to adjust the spacing then to maintain it between aircraft down to the final approach fix.

As in scenario 3, the controller has to insert then maintain the EPOPEE aircraft 180 seconds
behind a target aircraft then 90 seconds behind another one inserted in the string further on
the path to the FAF. The experimented ASAS S&M manoeuvres will be the “Merge then
Remain behind” and “Remain behind”.
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Figure 6-1 — Transition from CTA constraint to ASAS S&M operation scenario

6.3 DETAILED DESCRIPTION

The scenario takes place at the end of cruise and then in descent and approach phases in a
medium or high-density airspace.

The scenario uses for EPOPEE A/C (flight identification AIBOO1) the flight plan described in
Appendix 1, but starts on the airway UN852 at LASAT about 20 minutes before the Top of
Descent. Its actual arrival route is already defined in FMS, following UN852 until LIMGO then
RENSA and the STAR RENS4E. AIB0O1 is flying in FULL MANAGED mode. All other aircraft
involved directly in the scenario are airborne, but at this time they are away from AIBOO1.

The ATC system receives surveillance and ADS-B data for all aircraft, including AIBO0O1, and
AIBO01 also provides the ATC system with an “ADS-C” 4D predicted trajectory. EPOPEE A/C
is connected in CPDLC with the ATC system.

As soon as the simulation starts, the controller will initiate a CTA clearance via CPDLC to the
EPOPEE A/C flight crew for crossing the point LIMGO at a time that is 150 seconds after the
estimated time of over-fly of the flight AFR3451.

Transition from Initial 4D procedure to ASAS manoeu  vre

AIBOO01 will respect correctly the time constraint; nevertheless, the time spacing with the other
flight AFR3451 on RENSA will be slightly different from the planned one, necessitating an
intervention of the controller for delaying AIBOO1 once the point LIMGO is crossed. Because
AFR3451 is following the same route as AIB0OO1, the controller will select an ASAS S&M
“Remain behind” manoeuvre as follows:

SELECT TARGET THEN REMAI N BEH ND TARGET

(Target Selection and ASAS S&M clearances will be sent in a single CPDLC uplink message)
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The CPDLC clearance will be displayed on the DCDU. Then, the flight crew will check the
feasibility of the manoeuvre, activate the ASAS manoeuvre and finally, send the WILCO in
response to the controller CPDLC clearance.

Then the EPOPEE A/C will automatically perform the manoeuvre, following the target at 150
seconds on its STAR RENS4E.

On the controller position, a link will be displayed between target A/C and instructed aircraft
for monitoring the pair of involved aircraft and the progress of the manoeuvre.

The controller will clear the aircrew to descend to the altitude FL110 and the AIBOO1 aircraft
will cope simultaneously with the altitude constraint and the ASAS manoeuvre in progress.

Transition from an ASAS manoeuvre to another

While EPOPEE A/C is arriving over RENSA the controller will cancel the current ASAS
manoeuvre of AIBO01, instructing the pilot to terminate the ASAS manoeuvre. The aircrew will
cancel the manoeuvre, making return temporarily in selected speed on the current speed.
Then on a subsequent merge point, SOLBA, the controller will insert another flight (CPA2870,
converging on SOLBA from the north) in the sequence between AFR3451 and AIB0O1.

This time, because the other aircraft is not following the same route (it will still have not
crossed SOLBA at this moment) the ASAS sequencing & merging 2" manoeuvre MERGE
THEN REMAIN BEHIND will be selected:

SELECT TARGET THEN MERGE AT AND REMAI N BEHI ND
TARGET

The EPOPEE flight crew will load and accept the clearance in the same way as for the first
manoeuvre.

Then the ASAS sequencing & merging manoeuvre will continue until an automatic
cancellation on board, when the aircraft reaches the altitude of 2,000 feet
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7 SCENARIO 6 - 4D AIRBORNE NAVIGATION
CAPABILITY FOR CTA / RNP

7.1 OBIECTIVE

The main objective of this scenario is to validate the following requirement defined in EP3
Requirements for Technical Validation [2]

[E3-AIR-4D-TRAJ-10]

Requirement title RTA accuracy in descent

FMS RTA function required accuracy / reliability shall be +10sec, 95% of the time for any
descent waypoint (located down to FAF).

The scenario will focus on the influence of wind and temperature, which are the most
significant contributors to the ability of the aircraft to reach an RTA.

To validate this kind of performance requirement, a large sample of flights is necessary to get
a statistical result. Using a Real time Simulation with a pilot in the loop is not cost effective.
Therefore, a batch tool has been developed, allowing the run of several simulated flights
without any operator action during the flights. A second objective of this scenario is to validate
the use of this batch tool as a test mean to measure FMS performances.

7.2 OVERALL DESCRIPTION

To get credibility of the measurements performed by the batch tool, this tool shall use realistic
models both for the product under test (the FMS) and the simulation environment. The FMS
model is the same simulated FMS as the one provided by THALES AVIONICS for the
technical validation platform. The aircraft model is the A340 model provided by Airbus (refer
to EP3 Overall description of the platform [1]).

The batch tool can run several batch scenarios (a batch scenario is defined as one simulated
flight). The purpose is to use differing deviations between forecast and current winds and
temperatures (constant values used across the whole trajectory) for each batch scenario. The
framework is similar to the one used during the evaluation of Initial 4D (see paragraph 3):

e The simulated plane is airborne in the en-route flight phase, some Nautical miles before
the Top of Descent.

e The pilot enters in the FMS an RTA over a given RTA waypoint (the RTA value belongs
to the [ETAmin ETAmax] Window)

e The simulated plane flies until the RTA waypoint.
The batch tool simulates all the required pilot actions.

A batch scenario stops when the simulated plane flies over the RTA waypoint: the batch tool
records the delta between the RTA waypoint overfly time and the requested RTA. The result
is considered as successful if the delta is less than 10 seconds.

Note: the batch tool also records the ETA and [ETAmin, ETAna] window over the RTA
waypoint during the flight. It could be useful to analyse the FMS behaviour during the batch
scenario.

Page 26 of 37

Issued by the Episode 3 consortium for the Episode 3 project co-funded by the European Commission and Episode 3
consortium.




Episode 3
Version: 3.00
D6.4-01 - Technical Validation Scenarios

The batch tool consolidates the results of each batch scenario to have a measure of the RTA
performance (95% of RTA met).

7.3 DETAILED DESCRIPTION

The batch tool allows running several batch scenarios. Each batch scenario is characterized
by a set of modifiable parameters:

« Flight plan route

* Cruise FL

« Location where the flight is initialized, expressed as a distance to Top of Descent
* FMS values for wind and temperature

« Waypoint where the RTA is set

e Value of RTA, expressed as a percentage of ETA-ETAmin (negative value) or of ETA-
ETAmax (positive value) at flight initialisation.

RTA =50%
over LARPO

ETA=14:02:18 nmmmmp  RTA = 14:06:23
ETAmax = 14:10:28

Airborne at -
13:35:00 & -

FMS predictions
when airborne at
13:35:00

13:55:01 EL70

14:.02:18

wind/temp

LARPO

Figure 7-1 — Example of RTA definition in batchto ol

All the batch scenarios contained in one batch may have different values for these
parameters.

The Cost Index is the same for all the batch scenarios. It is set to 0.
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Note: the wind and temperature values entered in the FMS are considered as wind and
temperature errors because it is not possible yet to define wind and temperature in the
simulation environment.

The exercise will be limited to the influence of wind and temperature errors. Therefore, the
following parameters will be fixed for all the batch scenarios:

« Flight plan route

* Cruise FL

» Location where the flight is initialized
« Waypoint where the RTA is set

The flight plan route is the same as the one used for EPOPEE Aircraft in Initial 4D evaluation
(refer to Annex). The flight is airborne and starts 50 NM before the Top of Descent.

Due to schedule constraint, only RTA waypoint below FL100 is investigated. It corresponds to
the most demanding case from the FMS point of view since it is below the level where a
speed limit applies. The RTA waypoint is LARPO as in the Initial 4D evaluation.

Test cases are defined to evaluate the influence of wind and temperature errors. A test case
is a batch where wind and temperature errors are the same for all the batch scenarios, and
the RTA values vary between ETA,, and ETAn, The wind and temperature errors will be
different between two test cases.

To carry out the performance validation, a distribution of wind and temperature errors should
have been performed. It has not been possible in the scope of the EP3 WP6.4.1—- 4D Airborne
Navigation Capability for CTA / RNP exercise. Due to schedule constraint, only limit cases
can be investigated. Therefore, the results of this exercise cannot be considered as a
validation of the requirement, but as a good trend. It will allow identifying and explaining each
deviation between the FMS behaviour and the requirement. At this stage of validation, it can
be considered as sufficient to achieve the TRL3 level (which corresponds to end of phase V2
/ beginning of phase V3 of E-EOCVM,; for TRL definition, please refer to EP3 Requirements
for Technical Validation [2]).

The following test cases are defined for wind and temperature errors:
* 10 Kt headwind
e 10 Kt tailwind
* 10 Kt headwind, -4C
e 10 Kt tailwind, +4C

Note: A 10kt headwind entered in the FMS corresponds to a 10kt tailwind error. Indeed, the
FMS predictions take into account the 10kt headwind while the simulated wind in the
simulation environment is null. It means that the simulated Aircraft will fly faster than expected
by the FMS. So the FMS will adjust the speed to slow down the Aircraft.

For each test case, 21 batch scenarios are defined with RTA values evenly distributed from
ETAmin t0o ETAnax by step of 10% (i.e. ETAmin, 90% of ETA-ETAmin, ..., ETA, ..., 90% of ETAmax
-ETA, ETAmnax)-
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For each batch scenario, the batch tool will print a diagram showing the evolution along the

flight of ETA, ETAni, and ETA.« predicted by the FMS over the RTA waypoint.

5450

5400

5350

5300

5200

—ETA
ETAmax
ETAmIin
RTA

5250 \
........ T e e ez o
~7
Figure 7-2 — Example of batch tool printout foron e flight

To be able to evaluate the impact of wind and temperature errors, each test case will
correspond to one batch. Therefore the scenario for exercise EP3 WP6.4.1- 4D Airborne
Navigation Capability for CTA / RNP will be made of 4 batches, each batch containing 21
flights. For one batch, the batch tool will print a diagram showing the delta between the RTA

and RTA waypoint actual overfly time

-20 4

=25

=304

=35

404

45 1

-50

-100

-0 80 70 B0 50 400 300 2200 10 0 10

RTA%

BRTAMADE BRTAMISSED

Figure 7-3 — Example of batch tool printout for on

e batch
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ANNEX - FLIGHT PLAN FOR INITIAL 4D
EVALUATIONS

A.1 TRAFFIC CHARACTERISTICS:

Arrival at Paris Charles De Gaulle (LFPG), STAR and ILS Approach on runway 9L with the
following characteristics:

¢ RNAV until runway threshold
e Limited constraining levels

« Merge point LARPO (for 2 arrival flows) before the glide capture, corresponding to a
flight level 70, then descent to the ILS with a level off at altitude 3000ft.

i
L
i
“l‘l‘l‘,“ll“lnll‘l,‘l|j| I
il

_;._QOUSGOOSIQ'

Altitudel 32,50 km

Figure 8-1 — Initial 4D flight plans
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A.2 EPOPEE A/C FLIGHT PLAN

Departure: Nice (LFMN) runway 22R

SID: PERU3X (AMIRO PERUS with no ATC constraint)

Route: PERUS A3* RETNO UN852 LIMGO RENSA

Cruise FL = 360

STAR: RENSA4E (modified as follow: RENSA GIMER D075Y SOLBA VELER/F110)

To limit constraining levels the vertical profile of STAR RENSA4E is modified as follows:

Existing Alt Existing [New alt cstr New speed
Cstr Speed Cstr Cstr
RENSA
BSN60 280kts
BS38A FL140 250kts
GIMER
BSN25 FL110
SOLBA
VELER FL110 250kts FL110

Figure 8-2 — Initial 4D - STAR modification

VIA VELER (VELER BSN LARPO PG502 WPTO01 INTCP CI0O9L) with a level constraint of

FLO70 on LARPO and 3000ft on CIO9L.

Additional waypoints have been inserted after PG502 to suppress radar-vectoring part (from
PG502 until LOC capture) and allow RNAV until runway threshold. The vertical profile is also
modified to limit constraining levels.

Additional
Wpts

Approach Procedure: ILSO9L

VELER  |FL110 250ks FL110
BSN
LARPO |- 220kts FLO70
PG502 -
WPTOL —[NA N/A
INTCP N/A ) N/A
CIo9L N N/A 3000ft

Figure 8-3 — Initial 4D - VIA modification

(CI09L FIO9L RWOOL)

10 (But A3 is an airway that is theoretically used only at Low Levell)
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AD2 LFPG STAR RNAV 1 AlP
20 DEC 07 FRANCE
PARIS CHARLES DE GAULLE
STAR RNAV - Réacteurs et Hélices / Jets and Propellers
RWY 09L - 09R - 08R - 08L
MATIX - MOPIL - DINAN - VEDUS - RENSA - MMD - SONUR IAF : LORTA /VELER
ATIS  DE GAULLE 128.225 (FR) - 127.125 (EN) TF :Track to Fix Sur clairance ATC (Attente éloignée)
“=="==" By ATC clearance (Distant holding)
VAR 1°W (05)
| CHIEVRES ‘
e HLDG ANARU
HAUTE / HIGH BASSE / LOW
49° 31'49"N 003°45'21"E
VOR/TAC ROL 074° CRL VOR/TAC ROL 074° CRL
HLDG LORTA 51/59 NM FL 180240 51/56 NM FL 090/130
AT 24 570N 006" 13 49.6'E RAP 254" Droile { Right IAS 240 t RAP 254° Draite / Right IAS 220 kt
Hon slisablé s/ RRIAV / otueable 1 NAV INTVOR RDL 074° CRL / 322° REM INTVOR RDL 074° CRL / 322° REM
VOR/TAC RDL 073° CRL FL 1800240 FL 090/130
30/36 NM FL 060/170 RAP 254° Droite / Right 1 min 30 IAS 240 kt RAP 254’ Drofte / Right 1 min 1AS 220 kt
RAP 253° Droite / Right IAS 220 ki | ‘ T
INTVOR RDL 073" CAL / 321° CTL 1
FL 080170 i FL 260
RAP 253° Droite / Right 1 min 30 IAS 240 Kt 2 /
MOPIL

e,

X FL240

2 1AS 280 kt ‘,-"'
2 Rl
Y/‘j/

| DINAN
1F 2 i

16

<®>

> g m
By FLMO S anany oy , sohmy  TF2E
‘?\\ E’. 2@ !
4 = E '.O
=i~
=&

\7 o | 5 MONTMEDY
[ IA5:250 K S MMD 1094
’ffh 9% W ’i\'\) |
|
o BT 2 REM 1123 (o GTh =
g o ; Ch70X SUIPE
/ VELEﬂ !
\ |‘ 1A 250 kt !
Bsgg %4\}35 ‘;ﬁf ;LWL?: Non tiiszble en RNAV / Not usable in ANAV
Ch 123X VOR/DME RDL 075° BSN
e ; i 1318 NM FL 060/130 ]
AT | _RAP265° Droite / RightIAS 220 ki — === N
INT VOR RDL 075° BSN / 311° CTL
FL 080130
ALT/HGT :ft P ; ;
Distances : NM RAP 255° Droite / Right 1 min LAS 220 kt |
Echelle/ Scale : 1:1.000.000
i} D04
PANNE DE COMMUNICATION : RADIOCOMMUNICATION FAILURE :
Afficher 7600. Sguawk 7600.
Voir consignes parficuliéres STAR AD2 LFPG TEXT. See specific instructions STAR described on AD2 LFPG TEXT.
SERVICE - RECTO BLANC
DE L'INFORMAT|ON ——
AERONAUTIGUE AMDT 13/07 CHG : MOPIL-DINAN-VEDUS 4R et SONUR-RENSA 4E, création DIVEM , @sIA

Figure 8-4 — Initial 4D - STAR for EPOPEE A/C
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AlP AD2 LFPG IAC R 01
FRANCE 07 JUN 07
APPROCHE AUX INSTRUMENTS PARIS CHARLES DE GAULLE
Instrument approach
INA RNAV (GNSS ou/or DME/DME owor VOR/DME CGN) LORTA - BUNOR - RADAR RWY 08L-08R-09L-09R

CATABCD INA RNAV (GNSS ow/or DME/DME ow'or VOR/DME CGN) VELER - LARPO - RADAR RWY 08L-08R-09L-09R
ATIS DE GAULLE : 128.225(FR) - 127.125(EN)
APP :DE GAULLE Départ/Departure 124.35 - 133.375 - 131.2 - 126.575(5) VAR

DE GAULLE Approche/Approach 121.15 - 125.825 - 119.85 - 126.425 - 118.15 - 136.275 - 126.575(S) 1°W

TWR :DE GAULLE Tour/Tower 119.25-123.6 - 120.9 - 118.65 - 125.325(S) - 120.65(S)
DE GAULLE Sol/Ground 1216 - 121.775 -121.8- 121975
DE GAULLE Prévol/Prefiight 126.65 - 121.725
LR A L L N R R N R R N R R RN

(05)

s 25 NM gy,
)

L :
® S
"i’% 2500
2000" i
il

089
\

|
iy
2500 -\g C
= [49°

*Enl'absence d'information de distance | 40
Without distance information
ALT MNM 25 NM : 2500 I

L PROTECTION
r 1AS : 240 kt &
- FL 170 /060 G .

CRL 1092 051° D 37.3 CGN

Ch29X IAS 250 kt

Prévoir clairance
Expect clearance
FL140 ~FL110

49°

|20 -
i i
— 332° 10.7 CGN ]
[ | PON111.6 ]
C LEET PROTECTION ]
| 1AS : 220 kt ]
B FL 130/ 060 ]
49°
[ oo 319° 6.8 CGN ]
CGN 115.35
Ch100Y B
B = CONSIGNES PANNE RADIO LORTA - VELER ]
B LORTA - VELER RADIO FAILURE INSTRUCTIONS ]
- Afficher 7600. Exécuter la procédure publiée et continuer RM 269°. .
— Au RDL 359° CGN, descendre vers 3000, —
o A 22 CGN, a gauche RDL 356° RBT (RM 176°) etau RDL 274° CGN, B
- a gauche RM 116° pour intercepter I'approche FNA collationnée. e
o (Sinon Approche ILS, RWY 0SL de préférence).
[~ 48° Squawk 7600. Comply with published procedure and continue MAG frack 269°.
a0 At RDL 359° CGN, descend fo 3000. i
ALT/HGT: it At 22 CGN, left RDL 356° RBT (MAG track 176°) and at RDL 274° CGN,

B A " left MAG track 116° to intercept the read back FNA approach. 1
B Distances : NM (Otherwise ILS approach, RWY 09L preferably). ]
- 002°,10' 002° 30 002 50' 003 10 003°30°
*llll\llll\llHIIIIllIIIIl\JlH\‘Hll‘l\Il|Jl\LlllHJIlIl{\ll\J\Illllllllllll‘l\llIlll‘ll\l‘\l\l—
E SERVICE IDENT

DE L'INFORMATION

AERONAUTIQUE L] AMDT 07/07 CHG : Normalisation, divers. ©SIA

Figure 8-5 — Initial 4D — VIA for EPOPEE A/C
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A.3 MERGING TRAFFIC

Traffic Merging with EPOPEE A/C at LARPO uses STAR MOUS5E VIA LARPO

AD2 LFPG STAR RNAV 3 AlP
20DEC 07 FRANCE
PARIS CHARLES DE GAULLE
STAR RNAV - Réacteurs et Hélices / Jets and Propellers
RWY Q9L - 09R - 08R - 08L
EPL - RLP -TINIL - DJL - ATN - MOU IAF : OMAKO
ATIS DEGAULLE 128225 (FR) - 127.125 (EN) TF : Track to Fix Sur cairanca ATC (Atente élcignss)
——— By ATC clearance (Distant holding)
VAR 1°W (05)
I T— B | - . — — = et =S —
HLDG OMAKO
HAUTE / HIGH BASSE /LOW
4895 40.0°N 008°25 062" E
Non utilisable en B-RNAY | Not usabie in B-RNAV
VOR/DME ROL 134° VOR CLM VOR/DME ROL 134 VOR CLM f
22 NM 1 min 30 FL 150/180 22 NM 1 min FL 060/140
i RAP 314° Gauche / Left |AS 240 ki RAP 314° Gauche / Left IAS 220 I
Réacteurs / Jets FL 140
= INTVOR RDL 314° TRO/ 023° BRY INTVORRDL 314° TRO/ 023° BRY
Helives { Propoliers FL 060 1 min 30 FL 150/180 1 min FL 060/140
RAP 314° Gauche / Laft IAS 240 Kt RAP 314° Gauche / Left 1S 220 ki
‘ HLDG TROYES
HAUTE | HIGH BASSE/ LOW
Réacteurs / Jets FL 160 MAX 48°15' 044° N 00357 473 E |
Hellces | PropeNers FLI0M) VOR TRO FL > 145 VOR TRO FL 060/140
. IAS MAX 250 kt RAP 315° Droite/ Right | RAP 315° Draile / Right
| 1 min 30 1AS 2400 1 min 1AS 220 kt
EPINAL

e

Réacteurs / Jets FL 200 MAX <]

Hélices / Propellers FL 120 ,@
il IASMAX 250kt .- &

A,

e of
Bl I %

\ %
/ § Réacteurs / Jels FL 280
& IAS 280 ki MAX
N3

ALT [HGT - g

£ AUTUN

Distances : NM
Echelle / Scale : 1:1.000.000 ATN 114.9
Cha6 X
1 | S - |
@ ! 005° |00
RADIOCOMMUNICATION FAILURE :

PANNE DE COMMUNICATION :
Afficher 7600. Squawk 7600.
See specific STAR instructions described on AD2 LFPG TEXT.

Voir consignes particulieres STAR AD2 LFPG TEXT.

©sIA

SERVICE
DE L'INFORMATION
AERONAUTIQUE AMDT 13/07 CHG : NIL

Figure 8-6 — Initial 4D - STAR for merging traffic
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AP AD2 LFPGIACR 03
FRANCE 07 JUN 07
APPROCHE AUX INSTRUMENTS PARIS CHARLES DE GAULLE
Instrument approach

INA RNAV (GNSS ouior DME/DME ou/or VOR/DME CGN ou/or PGS) OMAKO - LARPO - RADAR RWY 08L-08R-09L-09R
CATABCD INARNAV (GNSS ou/or DME/DME ow/orVORIDME CGN owor PGS) OMAKO - MOSUD - RADAR RWY 08L-08R-09L-09R

ATIS DE GAULLE : 128.225(FR) - 127.125(EN)
APP : DE GAULLE Départ/Departure 124.35 - 133.375 - 131.2 - 126.575(8)

DE GAULLE Apprache/Approach 121.15 - 125.825 - 119.85 - 126.425 - 118.15 - 136.275 - 126.575(S)
TWR : DE GAULLE Tour/ Tower 119.25 - 123.6 - 120.9 - 118.65 - 125.325(S) - 120.65(S)

DE GAULLE Sol/Ground 121.6 - 121.775 - 121.8 - 121.976

DE GAULLE PrévoliPreflight 126 65 - 121.725

VAR
1w
(03)

CONSIGNES PARTICULIERES
SPECIAL INSTRUCTIONS

face a 'EST pourront éire autorisés, de 0700 & 222
dénommée OMAKO-MOSUD.

Les aeronefs non bruyants (chapitre 2 exclu) ar[\vantg?r \‘Ip‘\F OMAKO en conﬂgu.reénon
locales, & suivre une procédure

CRL109.2 The less noisy ACFT (exciuding chapter 2 ) arriving from IAF OMAKQO by eastbound
- Ch2aX configuration can be authorized, from 0700 to 2220 local lime, to proceed

OMAKO-MOSUD procedure.

an

LFPC —_—
L0, BSN 114.85
ChosY

PG 502
319768 CGN LARPO
nszmol | 0% 64CGN o

PGS 117.05
| Chi17y

‘ :
o 2 5 B89,
>0

- S &

CGN 115.35 L

Ch100Y
112°102 PGS
1AS 220t
o |
266 T Q Prévoir clairance

o ACLM_ ] Expect clearance

Helies,,
12
i a0l

i 282°

CLm112.9

122° 18 PGS

| 40 CONSIGNES PANNE RADIO OMAKO - LARPO Réacteurs/Jets FL 140
OMAKO - LARPO RADIO FAILURE INSTRUCTIONS ———— Hglices/Propellers FL 060
Afficher 7600. Exécuter la procédure publiée et continuer RM 268°.

Au RDL 359" CGN, descendre vers 3000.

A 22 CGN, & gauche RDL 356° RBT (RM 176°) et au RDL 274° CGN, & gauche RM 1167
pour intercepter I'approche FNA collationnée.

(Sinon Approche ILS, RWY 09L de préférence).

Sguawk 7600. Comply with published procedure and continue MAG track 269°.
AtARDL 359° CGN, descend fo 3000.

At22 CGN, left RDL 356° RBT (MAG frack 176°) and at RDL 274° CGN, left MAG track 116°
io intercept the read back FINA approach.

(Othenwise ILS approach, RWY 09L preferably).

CONSIGNES PANNE RADIO OMAKO - MOSUD
OMAKQO - MOSUD RADIO FAILURE INSTRUCTIONS
Afficher 7600. Exécuter la procédure publiée et continuer RM 266°.
AuRDL 179° PGS, descendre vers 4000.
A 25 PGS, a droite RM 054° pour intercepter I'approche FNA collationnée.
(Sinon Approche ILS, RWY 08R de préférence).

- Squawk 7600. Comply wiih published procedure and continue MAG track 266°.
- At RDL 178° PGS, descend to 4000.

- At 25 PGS, right MAG track 054 to infercept the read back FNA approach. ALT/HGT : it
F— (Otherwise ILS approach, RWY 08R preferably). Distances : NM

s
*®

o
=1

= FL 140 = FL 120

*En 'absence dinformation de distance
Without distance information

ALT MNM 25 NM : 2500
[RAEENEEREN R RRR R RRE

IAF

OMAKO

128°39.8 PGS
126445 CGN

/ ¥ | PROTECTION
47 1AS : 240 ki
, FL 180/ 150
A% 1AS : 220 kt
. FL 140/ 060

e

SERVICE
DE L'INFORMATION
AERONAUTIQUE

AMDT 07/07 CHG : Normalisation, divers,

Figure 8-7 — Initial 4D - VIA for merging traffic
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