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Summary

This document describes the conduct and the results of two simulation experiments — a flight
simulation and an ATC simulation - that were carried out in order to evaluate the Sll procedures. The
flight simulation covered the evaluation of Sll procedures with respect to its impact on the crew’s task
and performance as well as on a number of specified flight parameters. The ATC simulation covered
the evaluation of the Sl procedures with respect to the impact on the controllers’ tasks as well as on
safety, efficiency and capacity in handling air traffic.

The general aim of the real-time simulations was to present the users (pilots and controllers) with and
to investigate the usability and acceptability of the new noise abatement procedures (NAPs) and
proposed tools. The impact of the proposed NAPs and tools will be assessed on among others
safety, workload, situational awareness and acceptance

Five crews of two airline pilots each, participated in the experiment and conducted several
experimental runs. In these runs, three NAPs (procedure |, Il and V) were flown under different
experimental conditions (for example, with different wind conditions, with and without the use of pilot
tools, etc.). Subjective data were collected by means of questionnaires. The participants completed a
post-run questionnaire after each experimental run, which asked for the participants’ experiences
during that specific run.

A debriefing questionnaire after the experiment asked for participants’ overall opinion on the
procedures, the tools used, and the experiment.

Pilots were asked, by means of a rating scale, to rate the flight efficiency, noise friendliness and
safety. It should be noted that these are subjective ratings and should be seen as expert judgement
feedback of the experiment and not as objective results.

Three trials with duration of two days (one had an additional half a day of training) have been
executed. During the trials two controller roles in the Schiphol TMA were used:

The Feeder/Departure Controller (FDR/DCO) for the TMA West, and
The Arrival Controller (ARR).

Like the flight trials, subjective data was collected by means of questionnaires. The participants
completed a post-run questionnaire after each two runs of a specific procedure, which asked for the
controllers’ experiences during that procedure acting both as a FDR/DCO and an ARR controller. A
general debrief was held at the end of the two-day experiment.

Procedure 1l is rather robust for unexpected tailwind and is perceived as more fuel-efficient and noise
friendly than procedure | and V. This is the perception of the pilots and needs verification with the
noise and emission calculations as performed in WP4 of the Sourdine Il project. Controllers indicated
that procedure 1l together with the RNAV procedures leads to a very high situational awareness.

Controllers prefer to actively give some (limited) speed instructions to maintain separation. The task
changes are the shift from controlling to more monitoring and the fact that the FDR/DCO should
perform most of the sequencing tasks instead of the arrival controller. Controllers stated that this
procedure could be used in real operation with an expected capacity of 30-32 arrivals per runway per
hour, compared with today’'s capacity of 33-36. This number could be increased once controllers get
more hands-on experience concerning the "new" speed profiles and aircraft performance.

Procedure II-A has the same vertical profile as procedure Il but now also includes some speed
constraints. These speed constraints result in a more stable approach for the pilot. The FMS
calculations result in more time between the various configuration changes and therefore a more
flyable procedure. Due to the speed constraints the controllers were getting more re-active and
therefore felt less comfortable when compared with the situation of procedure Il. When aircraft were
running into each other controllers were relying sometimes on the speed constraints to solve this.
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Controllers therefore indicated that they should at least be able to overrule the speed constraints in
the procedure. This is identical to the current implementation of procedure II-A.

The speed constraints for procedure 1I-A result in a graph of the 'actual separation - required
separation’, indicating the excess separation distance that is almost equal to that of the RNAV
procedure and slightly better when compared to procedure Il. Pilots appreciated the use of speed
constraints because the deceleration was spread over a longer time leading to a more predictable
flight. In addition the localizer intercept became more stable since the speed on localizer intercept
was lower when applying speed constraints compared to procedure Il without speed constraints.

Procedure V is defined as a variable vertical profile where the aircraft is flying from 7000ft with
intermediate configuration and idle thrust. Pilots mentioned that this procedure is more sensitive to
unexpected tailwind in comparison with procedure Il. There is a lack of control options, especially
with this unexpected tail wind (increased risk of being too high and/or too fast). Due to the
combination of the configuration and the idle thrust there is little margin available for speed reduction.

Controllers stated that there is more uncertainty about the intentions of the aircraft (speed and
vertical). They experienced procedure V as a too drastic change from current working procedure.

In general it can be stated that both procedure Il and 1I-A are acceptable for pilots and controllers.
When implementing procedure Il a solution should be provided to increase the time between the
various configuration changes as calculated by the FMS. If it is decided to implement also speed
constraints (procedure I1-A) the monitoring aid should be extended with an alert when the separation
minima are violated and the controller needs to intervene. To get to an implementation of these noise
abatement procedures it is important that the pilots will strictly follow the prescribed procedures.

Controllers also need to get hands-on experience concerning the "new" speed profiles and aircraft
performance. Due to the fixed RNAV routes inside the TMA there are less possibilities to make
changes to the arrival sequence and therefore an arrival manager and an accurate hand-over from
ACC to APP (30-60 seconds accuracy) is required. The current implementation of the RNAV
shortcuts provided sufficient flexibility for the controllers. The combination of parallel runways with
CDA procedures is an identified problem and not easily solved. Possible solutions on this subject that
need further exploration are for example the use of curved approaches based on approach
procedure with vertical guidance (APV procedure).
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FTS Fast Time Simulations

GRACE Generic Research Aircraft Cockpit Environment
HMI Human-Machine Interface

IAF Initial Approach Fix

ICAO International Civil Aviation Organization
IFS Intermediate Flap Speed

ILS Instrument Landing System

ISA International Standard Atmosphere
ISA Instantaneous Self Assessment
KTS Knots

MLW Maximum Landing Weight

NAP Noise Abatement Procedure
NARSIM NLR ATC Research Simulator
NCW Non-Conformance Warning

NLCP Noise Load Calculation Programme
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PF Pilot Flying

PNF Pilot Not Flying

RC Runway Controller

RNAV Area Navigation

RSME Rating Scale for Mental Effort
RIT Radio Telephony

RTD Research, Technology development and Demonstration
RTS Real Time Simulation

RWY Runway

OEl One Engine Inoperative

OM Outer Marker

Sl Sourdine Il

SA Situation Awareness

SART Situation Awareness Rating Technique
SES Single Event Simulations
SRA Surveillance Radar Approach
STCA Short Term Conflict Alert
TLX Task Load Index

TMA Terminal Manoeuvring Area
TOGA Take-off Go Around

TWR Tower

V1 Critical Engine Failure Speed
V2 Take-off Safety Speed

VFR Visual Flight Rules
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1. Introduction

1.1. Background: The Sourdine Project

1.1.1. Motivation for Sourdine Il

With the continuing growth of air traffic as well as the ever increasing level of urbanisation around
most airports in Western Europe, the impact of aircraft noise and emissions on the quality of life for
the surrounding communities has become a serious issue to be dealt with. Many European airports
already face the conflicting problems of increasing their airport capacity to meet the amount of traffic,
and the increasing pressure from the general public to reduce environmental impact, particularly
noise and emissions, of the increased traffic volume. This has already resulted in specific local
constraints to the operation of aircraft, not only around major airports such as Schiphol, Gatwick or
Frankfurt, but also more regional airports are already experiencing the pressure to impose constraints
to aircraft movements. Therefore, reduced nuisance to the community is a serious issue for the airline
transport industry if the projected sustained growth is to be pursued.

1.1.2. Aim of Sourdine Il
SOURDINE Il is a Research, Technology development and Demonstration (RTD) project aimed at
providing solutions to the following issues:

- Airport approach and departure procedures that are aimed at reducing the environmental (noise
and emissions) impact around airports require a co-ordinated solution by all involved parties. A
European and international standardisation and harmonisation of such procedures is required in
order for them to become operationally acceptable and only then can such new procedures be
easily introduced on a larger scale and at a level of safety acceptable to the community.

- Provide an accepted implementation plan by all involved stakeholders to be able to migrate from
the current situation to advanced environmentally friendly approach and departure procedures.
This avoids the need to develop specific local solutions to a European problem.

- Produce air traffic controller and pilot tools to guarantee a high level of safety for the new
advanced procedures

1.1.3. Sourdine project partners
Since the work to be carried out requires the involvement of the entire air traffic industry,
representatives from all concerned parties will be involved during the project:

- The consortium for SOURDINE Il consists of:
- AENA
- AIRBUSF
-  EUROCONTROL
- ISDEFE
- INECO
- NLR
- SICTA

- The expert panel for SOURDINE Il consists of representatives of the regulatory organisations,
airlines, industry (aircraft, engines and air traffic management systems), air traffic service (ATS)
providers and airports.

11
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1.1.4. Purpose of this document

Within Sourdine |l several assessment are conducted to gain feedback and results on the proposed
procedures and tools. These assessments are:

- Expert judgement

- Single Event Simulations, SES

- Fast time simulations, FTS (capacity assessment as well as noise and emission calculations)

- Safety assessment

- Cost Benefit Analysis, CBA

- Real time simulations, RTS

This report describes the results of this last assessment, the real time simulations.

1.2. Structure of the Document

This document contains the following chapters:

- Chapter 1: Introduction with some background information of the Sourdine Il project.

- Chapter 2: High level experiment plan with the validation aims and objectives as well as the
procedure description.

- Chapter 3: Overview of the set-up, conduct and results of the flight simulator trials.

- Chapter 4: Overview of the set-up, conduct and results of the Air Traffic Control (ATC) simulator
trials.

- Chapter 5: Description of the overall results and conclusions of the real time simulations

1.3. Reference documents

Short Reference Description
[TA] Sl Technical Annex.

[D2-1] D2-1: Validation Methodology Report, version 0.9

[D3-1-2] Updated Definition of New Noise Abatement Procedures
[D3-2] Requirements document for the pilot and controller tools
[D6-1] D6-1: Prototyping results ATC simulator
[D6-2] D6-2: Prototyping results flight simulator
[D6-4] D6-4: Experiment design for the ATC simulation
[D6-5] D6-5: Experiment design for the flight simulation
[D6-6] D6-6: Concept of operation for Schiphol airport simulations

12
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2. High-level experimental plan

This section provides a general framework for the two simulations. The Sourdine aims and high-level
objectives as formulated in D2-1 will be listed. Furthermore, the main experimental variables (i.e., the
different procedures and tools to be tested in the flight and the ATC simulations will be described
here. Specific measurements are not described as part of the high-level experimental plan, as they
differ for the flight and the ATC simulation.

2.1. Sl Validation Aims

According to D2-1 [D2-1], the following validation aims will be pursued during the validation process
within the SlI project:

To demonstrate that the proposed approach and departure Noise Abatement Procedures (NAPS)
have a positive effect on the environment in terms of noise reduction and, if possible, emissions
reduction.

To show that the proposed approach and departure NAPs maintain current safety levels.
To show that the proposed approach and departure NAPs maintain current capacity levels.

To explore the economic effect (costs — benefits) of the new procedures and supporting tools
implementation, taking into account the stakeholders point of view.

To explore acceptance of Sll procedures within aviation community.

To explore controllers and pilots’ acceptance of the proposed pilot/controller tools_(e.g. safety-
nets) and NAPs.

In addition, the validation team will contribute to the definition and refinement of the Sourdine Il
concept taking into account the following objectives:

To obtain new ideas for definition and, in later stage, for refinement of new approach and
departure NAPs or measures that have a positive effect on the environment in terms of noise
reduction and/or emissions reduction.

To collect functional requirements for prototyping air traffic controller (ATCo) and pilots
supporting tools to allow a feasible implementation plan of new NAPs at their suitable timeframe.

To identify and judge the most promising environmental measures and procedures on the basis
of their feasibility to be implemented taking into account safety, capacity, economics and
technological issues.

To agree a NAP hierarchy to rank and assign priorities to Sll procedures in terms of acceptability.

Nevertheless, some of the validation aims are outside the scope of the real time simulations (RTS)
with pilots and controllers. These pertain, for instance, to the cost-benefit analysis, the acceptance of
Sl procedures within the aviation community, and the collection of functional requirements. For this
reason, a set of validation aims was formulated that pertain specifically to the flight and ATC RTS.

13
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The validation aims of the Sl real time simulations (RTS) for the airborne and ground sides are:
To present controllers and pilots with the new noise abatement procedures (NAPs) and tools,
To investigate the feasibility and acceptance of the proposed NAPs,
To investigate the usability of the proposed tools,
To assess the impact of the proposed NAPs and tools on airline costs,
To assess the impact of the proposed NAPs and tools on the level of safety,
To assess the impact of the proposed NAPs and tools on workload,

To assess the impact of the proposed NAPs and tools on situational awareness.

2.2. High-Level Objectives of the SlI Validation Ac tivities

From the above mentioned validation aims, a set of high-level objectives for the RTS can be
formulated.

Objective 1: Evaluate the acceptance of the NAPs by pilots and controllers.
Objective 2: Evaluate the usability of the SlI tools by pilots and controllers.

Objective 3: Assess whether the proposed Noise Abatement Procedures (NAPSs) yield a reduction in
the noise level as compared with current procedures.

Objective 4: Assess the impact of the NAPs on airline costs in comparison to costs associated with
current procedures.

Objective 5: Assess whether the proposed NAPs and tools change the level of safety as compared
with current procedures and tools.

Objective 6: Assess whether the proposed NAPs and tools affect the capacity as compared with
current procedures and tools.

Objective 7: Assess the impact of the proposed NAPs and tools and on operator’s (i.e., controller
and pilot) workload.

Objective 8: Assess the impact of the NAPs and tools on operator’s (i.e., controller and pilot)
situational awareness.

14
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2.3. The Sourdine Procedures as experimental variab le

The main aim of the Sourdine RTS is to evaluate the Sourdine tools [D3-2] and procedures [D3-1-2].
This is generally done by testing the experimental Sourdine procedures and tools against a baseline,
in which current procedures and tools are used. Below, the specific Sourdine procedures and tools
that served as experimental factors in the RTS are listed below.

2.3.1. Approach Procedure |: Reference procedure

The reference procedure reflects current working procedures. That is, there are no fixed routes used
in the Terminal Manoeuvring Area (TMA), but aircraft are given radar vectors to intercept the
Instrument Landing System (ILS). Furthermore, there are no fixed speed constraints as part of the
approach procedure. The approach procedure that is used in the reference scenario is outlined
below.

Approach procedure |: Reference with level decelera  tion at 3000ft

Condition Parameter values
7000 ft [at Initial Approach Fix (IAF)] - Speed 250 KTS calibrated air speed
(Fixed height) (CAS)

- Level flight

- Clean configuration
- Landing Gear up

3000 ft - Level flight

(Fixed height) - Decelerate and change to intermediate
configuration

- Decelerate to intermediate flap speed
(IFS)

3000 ft [at ILS intercept] - Fixed descent angle of 3°

- Landing gear down

- Decelerate and change to landing
configuration

- Decelerate to final approach speed (FAS)

Landing configuration and speed reached - Adapted Thrust for descent at 3°

(Resulting height, minimum 1000ft) - Constant speed (FAS) descent to 50ft

15
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2.3.2. Approach Procedure Il: Fixed vertical path

The Approach Procedure Il is characterised by an Area Navigation (RNAV) approach and a fixed
vertical flight path noise abatement procedure with variable thrust. There are two variants of
approach Procedure Il, one without speed constraints and one with speed constraints. These are
outlined below.

2.3.2.1. RNAYV approaches
The following RNAYV transitions and approaches are used in the experiment:

RIVER 1B TRANSITION (TO RWY 18R)
SUGOL 1B TRANSITION (TO RWY 18R)
REGSU 1 APPROACH (TO RWY 18C)

Figure 1 shows the new RNAV approaches and transitions. The merging point EH606 is slightly
displaced and now called MICOL. This was necessary because traffic from RIVER starts their CDA at
FL8O0 instead of FL70. Therefore traffic between SUGOL and RIVER is always vertically separated at
the merging point. Traffic will start their descend along the CDA vertical path after this merging point.
Points NIRSI, EH607 and EH608 are also slightly displaced and now called NARSI, EH707 and
EH708 respectively. This was necessary to comply with the PANS-OPS requirements for parallel
approaches.

/
[+
BIRGI 1S
NARSIEf{707 EH628
& o
SUGOL (IAF) 1629
EH708
I H625
yCcoL VV
( ‘ ARNEM 2ET
VALKO 1S
VEH605
RIVER-(IAF) LEKKO 2F] OPIK

Figure 2-1: RNAV transitions and approaches in the experiment

16
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2.3.2.2.

Noise abatement procedure II: Basic CDA with 2°initial FPA

Condition

Parameter values

7000 ft [at SUGOL], 8000 ft [at RIVER}
(Fixed height)

Speed 250 KTS calibrated air speed
(CAS)

Level flight

Clean configuration

Landing Gear up

Start of CDA [between MICOL and NARSI]

Idle thrust
Fixed 2° Flight Path Angle (FPA)

Decelerate and change to intermediate
configuration

Decelerate to intermediate flap speed
(IFS)

3000 ft [at ILS intercept]
(Fixed height)

Fixed 3° Flight Path Angle.

Landing gear down

Decelerate and change to landing
configuration

Decelerate to final approach speed (FAS)

Landing configuration and speed reached
(Resulting height, minimum 1000ft)

Adapted thrust for descent at 3°
Constant speed (FAS) descent to 50ft

17
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2.3.2.3.

Speed constraints (Approach Procedure 11-A)

Approach Procedure Il will also be used in a second variant with speed constraints (i.e., procedure II-
A). Figure 2 shows in blue the speed constraints along the RNAV route for Approach Procedure II-A.

7

NARSI

200 KTS EH7o7

SUGOL (IAF) 180KTS

250 KTS
EH708
160 KTS
Outer Marker
FAS

)

RIVER (IAF)
250 KTS

S

ARTIP (IAF)
250 KTS

Figure 2-2: Arrival Procedure 1I-A with speed const

raints
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2.3.3. Approach Procedure V: Variable Vertical Path

The Approach Procedure V is characterised by an RNAV approach, a variable vertical path noise
abatement procedure, with idle thrust, and speed constraints along the route. These are outlined
below.

2.3.3.1. RNAYV approaches
The RNAV approaches and transitions used with Approach Procedure V are identical to the ones
used with the Approach Procedure Il. For this reason, information can be taken from Chapter 3.2.1.

2.3.3.2. Noise abatement procedure V

Approach procedure V: CDA with variable FPA segment
speed constraints

at intermediate configuration, with

Condition Parameter values

7000 ft [at SUGOL], 8000 ft [at RIVER}
(Fixed height)

Speed 250 KTS CAS
Level flight

Clean configuration
Landing Gear up

Idle thrust

Decelerate and change to intermediate
configuration

Decelerate to intermediate flap speed
(IFS)

Intermediate configuration reached
(Resulting FPA)

Descend at constant speed (IFS) to
3000ft
Idle thrust

3000 ft [at ILS]
(Fixed height)

Fixed descent angle of 3°.

Landing gear down

Decelerate and change to landing
configuration

Decelerate to final approach speed (FAS)

Landing configuration and speed reached
(Resulting height, minimum 1000ft)

Adapted thrust for descent at 3°
Constant speed (FAS) descent to 50ft
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2.3.3.3. Speed constraints

For Approach Procedures V, the following speed constraints are applied. Figure 3 shows in blue the
speed-constraints for the along the RNAV route for Approach Procedure V.

SUGQL (IAF) IFS
250 KTS

RIVER (IAF)
250 KTS

A

ARTIP (IAF)
250 KTS

Figure 2-3: Arrival procedure V with speed constrai nts

The aircraft will start its CDA with Intermediate Flap Speed. The CDA initiation point is located

somewhere between MICOL and NARSI, dependent on aircraft type.
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2.3.4. Departure Procedure 1: Reference Procedure

Figure 4 displays the lateral position of the Standard Instrument Departures (SIDs) from a
combination of runway 24 and 18L as departure runways.

BIRGI 1S

/

ANDIK 2E

ARNEM 2E

LEKKO 9E LOPIK 2E

Figure 2-4: SIDs for combination of runway 24 and 1 8L

Departure Procedure 1 is the reference procedure and follows ICAO-A.

Altitude (ft)

0ft

- TOGA (Take-Off Go Around) Thrust
- Conf 1+F
- Climb out at V2 + 10 kt

1500 ft - Reduce to Climb Thrust
- Maintain V2 + 10 KTS
3000 ft - Acceleration to 250 KTS, retracting flaps/slats on schedule

- Climb to 15000 ft
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2.3.5. Departure procedure 2: Sourdine Il optimised  close-in

Departure procedure 2 prescribes a lower thrust setting early after take-off and a postponed

acceleration.

Condition

Parameter values

0ft

TOGA (Take-off Go Around) thrust
Brake release and acceleration to rotation speed (*)
Rotation and lift-off

Retraction of undercarriage
Climb out at a speed of V2 + 10-20 KTS IAS (**)

At an altitude not
lower than 800ft

[1]

Reduce thrust to OEI climb gradient (***) or max climb, whichever is lowest
Maintain V2 + 10-20 KTS IAS

3000 ft If OEI climb gradient thrust was selected: gradually change thrust to climb
thrust
Maintain V2 + 10-20 KTS IAS

5000 ft**** Accelerate and retract flaps/slats on schedule to clean configuration

Continue acceleration to 250KTS
Climb to 15000ft

(*) cleanest possible takeoff configuration
(**) V2+10 where possible
(***) 1.7% for 4 engines jet, 1.2% for twinjet

(****) alternatively, to allow for more aircraft/weight specific optimisation: replace “5000ft” by “between
3000 and 5000ft above field elevation (AFE), upon attaining climb thrust”

[1] Strictly dependent on local airport
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2.4. Operator tools as experimental variable

2.4.1. Flight Deck displays
In support of the Sourdine procedures, the following items are added on the flight deck (also shown
in figure 2-5):

Vertical navigation display
Flap deployment cues
See [D6-2] for more details on the navigation displays.

Further modifications are assumed not to be required. The relevant procedure is assumed to be
available in the navigation database. Which is for the experiment the case.

Figure 2-5: Navigation display with Sourdine specif  ic elements

2.4.2. Ground tools
Controllers will be provided with two tools when working with the Sourdine procedures. These are
Ghosting and monitoring aids.

2.4.2.1. Ghosting

A ghosting tool projects the position of an aircraft onto another plane. For the Sourdine Il prototyping
sessions, the inbound aircraft from the SUGOL IAF are projected onto the RIVER arrival route. This
provides the controller with information about the relative positions of the aircraft on the two inbound
routes, prior to merging into a single stream.
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The current version of the tool uses a basic ghosting algorithm that determines the distance to go
(along track) to a projection-point on the route. This distance is then backtracked across a given path
in order to determine the location of the ghost plot. This path can either be a straight line or a
predefined route (e.g., RIVER arrival route). For the projection point the NARSI position was
configured, as all arrivals will have to be merged at this location, even those aircraft that were cleared
to proceed direct from SUGOL to NARSI, skipping the MICOL merging point. The figure below shows
an example of a ghost plot and the usage of this tool during the merging of the traffic streams.

SUBOL

ELM1054

274 250

LUKALEH
070 070

4274
4 Cles

E145
274 250 /
/ SATEEY
070 0
/ CLESHAR
274 250

! KOAL1E
. 070 070
AZ30
KOALLE
A / -\ 2REH250
AZ30 UkA41T)
274H250 087 140 / |
7 F100vAL —
© 280 SFD \ E145 LIKA41D
109 140
T F100YAL

+ 290 5P

Figure 2-6: Example of a ghost plot

In the example shown above, the SAY884 and KQA116 are expected to get to close in the sequence.
(ghost plot and track are close to each other). To solve this, the SAY884 is instructed to fly direct to
NARSI some miles before MICOL. The ghost anticipates this shortcut and moves forward and the
separation with the KQA116 is increased.
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2.4.2.2. Monitoring aids

Monitoring aids compare the current flight data with the system trajectory and detects any deviations
from the cleared flight level or the cleared lat/lon route. In case, a deviation of the flight from the
system trajectory is detected, a non-conformance warning (NCW) is issued. These NCWs are
displayed in line 0 of the label and have the following meaning:

FL DEV means that a deviation from the cleared flight level has been detected,

FL Bust means that the cleared flight level has been busted,

LAT DEV means that the deviation from the cleared route has been detected.

FL BUST
SHYEE4
OBE 070
CLESMAR
-,IL 243 SPI

LAT TIEY
MPHZ7 45

050 050
B/E3
2B0HSPT

LRIVER,

Figure 2-7: Example of an alert from monitoring aid
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2.5. Measurements
For the flight and the ATC simulation, the measurements taken will pertain to the following aspects:

Feasibility of the proposed procedure for the pilots and controllers
Noise (Flight simulation only)

Airline Costs and Fuel Consumption

Safety

Capacity (ATC simulation only)

Acceptance of the procedures by the pilots and controllers
Situational Awareness

Workload

The specific indicators chosen for the above measurements may differ between the flight and the
ATC simulation. For this reason, they will be described in the chapters on the flight and the ATC
simulation respectively.
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3. The Sl flight simulation

3.1. Aims and objectives

3.1.1. General Aim
The general aim of the Sll Real-Time Simulation (RTS) for the airborne side was

to present pilots with the new noise abatement procedures (NAPs) and the pilot tools,
to investigate the feasibility (“flyability”) and acceptance of the proposed NAPs,
to investigate the usability and acceptance of the proposed pilot tools, and

to assess the impact of the proposed NAPs and pilot tools on noise, safety, efficiency and airline
costs as well as pilot workload and situational awareness (in particular, “energy awareness” and
“navigational awareness”).

3.1.2. Evaluation Objectives

The general aim of the SII RTS for the airborne side as described above is further detailed in a
number of evaluation objectives. These objectives were described in D6-5 (Experiment Design for the
Flight Simulation), and are also listed below.

Objective 1: Evaluate the flyability of the propose  d NAPs. Within Objective 1, the following
guestions were investigated:

1. To which extent is it possible to conform to the proposed NAPs (i.e., vertical and lateral profile,
speed constraints)?

2. lIsit possible to follow the proposed NAPs even in adverse weather conditions (i.e., unexpected
tail wind)?

What is the impact of ATC instructions (directs) on the flyability of the proposed NAPs?

4. Does the flyability of the proposed NAPs depend on whether pilot tools (i.e., vertical navigation
display and flap deployment cues) are provided?

5. What is the effect of speed constraints on the flyability of the proposed NAPs?

Objective 2: Evaluate whether the proposed Noise Ab  atement Procedures (NAPs) yield a
reduction in the noise level as compared with curre nt procedures. Within Objective 2, the
following questions were investigated:

1. Are there any significant differences in the noise levels between the baseline condition and the
NAPs (as implemented by the pilots)?

2. Are there any significant differences in the noise levels between the proposed NAPs (as flown by
the pilots)?
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Objective 3: Evaluate the impact of the NAPs on air  line costs (“flight efficiency”).  Within
Objective 3, the following questions were investigated:

1. Are there any differences in the fuel consumption (from TMA entry point to landing) between the
baseline approach/departure route and the NAP?

2. Are there any differences in the fuel consumption (from TMA entry point to landing) between the
various approach/departure NAPs?

Objective 4: Evaluate whether the proposed NAPs and pilot tools change the level of safety as
compared with current procedures and tools. Within Objective 4, the following questions were
investigated:

1. Are there any differences in the experienced safety level between the baseline conditions and the
conditions in which NAPs and pilot tools are used?

2. Are there any differences in the experienced safety level between the various
approach/departure NAPs?

Objective 5: Evaluate acceptance of the NAPs and pi ot tools. Within Objective 5, the following
questions were investigated:

1. Are pilots willing to accept the new procedures that follow from the use of NAPs?
2. Would pilots be willing to apply these procedures during daily operation?

3. Which advantages/disadvantages of the NAPs do pilots see?
4

Do pilots see any benefit in the new tools?

Objective 6: Evaluate the impact of the proposed NA  Ps and pilot tools on workload. ~ Within
Objective 6, the following questions were investigated:

1. Are there any differences in the subjectively experienced level of workload (RSME, NASA TLX)
between the baseline conditions and the various (approach/departure) NAPs?

2. Are there any differences in the task load (total R/T time, number of R/T, number of inputs)
between the baseline conditions and the various NAPs?

Objective 7: Evaluate the impact of the NAPs and pi ot tools on situational awareness
(“energy awareness”). Within Objective 7, the following question were investigated:

1. Are there any differences in the experienced level of situation awareness (energy awareness and
navigational awareness as measured on a 6-point scale) between the baseline conditions and
the various (approach/departure) NAPs?
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3.2. Experimental Design

3.2.1. Experimental factors
The following independent variables were considered in the experiment:

1. Noise abatement procedures,
2. Airborne tools,

3. ATC instructions, and

4, Wind.

3.2.1.1. Noise abatement procedures (Approach and Departure)

The main manipulation in the experiment concerned the different noise abatement procedures. Three
different approach procedures (including the baseline approach procedure), and two different
departure procedures (including the baseline departure procedure) were used in the experiment. For
one of the approach procedures, two different versions were included, which results in the following
procedures that were included in the experiment:

Approach procedure | (baseline)

Approach procedure Il (CDA with fixed glide slope, without speed constraints
Approach procedure 1I-A (CDA with fixed glide slope , With speed constraints)
Approach procedure V (CDA with variable path segmen  t)

Departure procedure 1 (ICAO-A) (baseline)

Departure procedure 2 (Sourdine optimised close-in)

3.2.1.2. Airborne tools (HMI)

The following tools were used in the experiment: A flap deployment tool and vertical navigation
display. There were two different levels of the variable “airborne tools”:

Limited HMI, meaning less than optimal for the task to be performed (HMIO).

Optimal HMI, meaning that support required for the task is provided (HMI1).

3.2.1.3. ATC instructions
ATC instructions were manipulated on two levels: the standard procedure and issuing of directs.

Standard procedure: Vectoring in procedure |, and no ATC instructions in procedure Il and
procedure V (ATCO), and

Directs issued to the aircraft (short cuts) (ATC1).

The standard procedure is defined differently for the various approach procedures. In procedure |, the
baseline, the standard procedure consists in vectoring aircraft in the TMA. In the NAPSs, in contrast,
the standard procedure consists in following a pre-defined lateral path. In the “direct to” condition,
ATC gives directs from the TMA entry point SUGOL (direct to NARSI). Directs to the TMA entry point
RIVER, in contrast, are not sensible.
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3.2.1.4. Wind
Unexpected tailwind was a further factor to be investigated in the experiment. There were two
conditions:

In most scenarios, wind conditions are normal (W1).

In some of the scenarios, there is an unexpected tailwind during the descent (W2).

3.2.2. Measurements
The data collected in the experiment pertain to the following topics: Feasibility, acceptance, noise,
airline costs (flight efficiency), safety, situational awareness, and workload.

3.2.2.1. Feasibility

Feasibility or “Flyability” of the various NAPs was assessed both by subjective (i.e., pilot feedback)
and by objective means (i.e., deviations from the instructed NAP). Feasibility is not measured as
such, but is a combination between for example, acceptance, safety, and performance measures.
The following measures were used:

The pilots’ questionnaire ratings and comments on the difficulties encountered while flying the
NAP, and

The deviation of the actual approach/departure route from the proposed NAP (vertical, profile,
lateral profile, and speed constraints).

3.2.2.2. Noise
The level of noise pertaining to approach/departure procedure was estimated by investigating the
variations in N1 during the execution of the procedure.

In addition to this, pilots were asked to make a subjective rating about the amount of noise their
aircraft was producing while flying the different procedures. The quantitative measures (on a rating
scale) were analysed statistically, qualitative measurements were analysed on the basis of content
analysis. In these analyses, the baseline condition and the proposed NAPs were compared.

3.2.2.3. Airline costs/Fuel consumption
Airline costs were measured on the basis of the following metrics:

The fuel consumption of the aircraft,

Expected maintenance issues due to flying in a specific aircraft configuration (e.g. structural
fatigue).

Fuel consumption is compared between the baseline conditions and the various NAPs. Expected
maintenance costs are not calculated directly, however, some implications of flying in a particular
configuration can be made.

3.2.2.4. Safety
Regarding safety, the following indicator was used:

The experienced safety level for every approach procedure,

The experienced level of safety is a subjective assessment made by the crew on how safe in their
opinion the simulated approach or departure was. The experienced level of safety was measured on
the basis of participants providing a rating of a safety dimension in a questionnaire.
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All metrics pertaining to safety were compared between the baseline condition and the proposed
NAPs and tools. Quantitative measures were analysed statistically (t-test, ANOVA); qualitative
measurements were analysed on the basis of content analysis.

3.2.2.5. Acceptance
Acceptance was measured on the basis of pilots’ feedback with respect to the following issues:

The degree to which pilots are willing to accept the proposed NAPs,

The degree to which pilots would have carried out the NAPs in daily operation,
The degree to which pilots are willing to accept the Sll airborne tools,
Advantages/disadvantages of the SlI procedures,

Advantages/disadvantages of the Sll tools, and

The reported use of the new Sl airborne tools.

The subjective measurements were obtained on the basis of questionnaires, interviews and de-
briefings. The data are quantitative (the ratings given in the questionnaires) as well as qualitative, and
therefore are analysed respectively statistically and with the method of content analysis.

3.2.2.6. Situational Awareness

Situational Awareness (SA) refers to the “the perception of the elements in the environment within a
volume of time and space, the comprehension of their meaning, and the projection of their status in
the near future” (cf. Endsley, [1, 2]). For the present purposes, the concept of situation awareness
seems too broad. For the pilot, awareness can — among others - refer to the following aspects of the
situation:

The navigation of the aircraft (i.e., route to be flown, distance to threshold), and
The aircraft’s energy state (i.e., a combination of speed and altitude)

These aspects of the pilot’'s representation were measured on the basis of self-rating scales that
were part of the post-run questionnaire.

3.2.2.7. Ground tracks (task performance)
With respect to the performance measurements, the following metrics were used:

Ground tracks of the routes flown
Deviations of the tracks flown to the planned route

All of these metrics were recorded in the flight simulator.

3.2.2.8. (Mental) Workload
Workload was measured on the basis of subjective (i.e., self-assessment) measurements which are
analysed in relation with the achieved flight performance. The following metrics were used:

Rating Scale for Mental Effort (RSME), and
NASA Task Load Index (TLX).
Both RSME and NASA TLX were handed out after each simulation run.

The subjective measurements of taskload and workload were compared for the baseline condition
and the SlI procedures. They were analysed statistically (t-tests, ANOVAS).
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3.2.3. Combinations of experimental factors

The experimental matrix is not a full design covering all combinations of experimental variables and
their levels. A complete experimental design combining the 5 approach/departure routes with the 2
levels of the variable “pilot tools”, the 2 levels of the variable “speed constraints”, 2 levels of the
variable “ATC instructions” and 2 level of the variable “wind” would yield a total of 80 runs. This
number of runs is by far too large to be carried out in 2 days. Therefore, the experimental design is
composed in such a way that it is still feasible for the experiment, and is based on the following
considerations:

For the departure routes, the variables “ATC instruction”, “wind”, and “tools” are not relevant. For
this reason, they do not have to be manipulated. Departures were done without speed
constraints, without ATC instruction, without tools, and in normal wind.

HMI was only manipulated in approach procedure |l because procedure | does not require any
updates in the HMI. For procedure V, it was decided that the HMI O condition is irrelevant, as
procedure V is an innovative, long term, scenario.

The baseline procedure (Approach Procedure 1) should follow as closely as possible the current
procedures. This means that aircraft are vectored in the TMA to intercept the ILS, pilots do a
step-wise approach, and there are no additional support tools. For this reason, speed constraints,
and tools do not have to be manipulated. Since procedure | includes level segments that
eliminate the wind effect, wind was not manipulated. The ATC instruction “direct to”, however,
was manipulated since it requires an FMS action from the crew which is seen as less desirable at
low altitudes (i.e. FL100 or below).

The effects of ATC issued directs to the aircraft (i.e., ATC1) were investigated in Approach
Procedures I, 1A and V; however, they were only tested with normal wind and HMI1. The ATC
condition was separated from the actual approach procedure, because it takes place before the
descent from 7000ft is initiated (which is the starting condition of the noise abatement approach).
Therefore, the ATC condition was not included as a full experimental variable, but was only used
in a limited number of runs.

The factor “pilot role” (i.e., assignment of participants to roles) was not crossed with the above
conditions. However, it was ensured that each participant acted as pilot flying (PF) in half of the runs,
and as pilot not flying (PNF) in the other half. Furthermore, it was taken care that there is no
systematic confounding between participants and their roles in the run on the one hand, and
experimental conditions on the other.

The same applied for the route that was flown: in some of the conditions the SUGOL transition was
followed, whereas in other conditions the RIVER transition was followed. The factor “route” was also
not crossed with above mentioned experimental factors, but it was taken care that there was no
confounding between (one of) these experimental factors and the route. Only the conditions in which
a direct was issued were all flown over SUGOL, because a direct was not possible from RIVER.

To summarise, the focus of the experiment was to compare procedure Il with procedure | under
varying conditions. Procedure V was evaluated with less variations, because it is an innovative
procedure, which can only be realised on a longer time scale. With respect to the departure
procedures, procedure 1 and 2 were evaluated. As there were no further manipulations to these
procedures, this amounts to two departure runs in the experiment.
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Based on above considerations, the following experimental conditions were realised (numbers in
brackets represent the condition number used in the experiment):
Table 3-1: Matrix with experimental conditions

HMI 0 (limited) HMI1 (optimised)

W1 (normal) W2 (tail wind) W1 (normal) W2 (tailwin  d)
Procedure ATCO | ATC1 | ATCO |ATCl1 |ATCO |ATC1 |ATCO |[ATC1
Approach Procedure | X (1) X (2)
Approach Procedure I X (3) X (4) X (5) X (6)
Approach Procedure IIA X (7) X (8) X9 | X(11) | X(10)
Approach Procedure V X (12) | X (14) | X (13)
Departure Procedure 1 X (15)
Departure Procedure 2 X (16)

Procedure | served as baseline meaning to represent the current operation being mainly
characterised by a stepwise descent in combination with heading vectors. For comparing objective
data between the various procedures however heading vectors are less ideal. In order to avoid this
problem as much as possible, the pseudo controller applied heading vectors leading to a lateral route
as close as possible to the RNAV route as applied in the Sourdine Procedures. For pilot ratings
regarding workload, safety, noise etc it was found essential to apply heading vectors rather than
RNAYV routes for ease of the objective data analysis.
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3.3. Experimental environment

3.3.1. GRACE

GRACE, Generic Research Aircraft Cockpit Environment, has a number of standard configurations.
One of those is the Airbus A330 layout. As Figure 3-1 shows, the A330 configuration includes the
displays and flight controls for both pilots. Behind the two pilots a seat for an observer is available.
During the experiment, an observer was present for handing the questionnaires to both pilots after
each run, the observer notified the crew what the conditions (procedure and flight deck tools) of the
next run are. During the runs, the observer made notes of observations without interrupting the
activities of the crew during a run. In addition, the ATIS (Automatic Terminal Information Service) for
the current situation was handed out by the observer at the beginning of each run.

3.3.2. Pilot Roles

There were two pilot roles in the simulation: the Pilot Flying (PF) and the Pilot Not Flying (PNF). The
tasks to be carried out by PF and PNF are conform normal operations and were varied (following the
experimental matrix) between captain and first officer. The pilot flying operates the autopilot, monitors
the flight progress and, optionally, the FMS. The PNF performs the communication with ATC, reads
the checklist on request of the PF and, optionally, performs FMS tasks.

3.3.3. Experimental scenarios

3.3.3.1. Runways in use

In the simulation, the following runway configuration was used: inbound runway 18R, outbound
runway 36L. For more information on the airspace used and the Approach/Departure routes see
Chapter 2.
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3.4. Conduct of the experiment

3.4.1. Participants

Five crews consisting of two airline pilots each, a captain and a first officer in their daily life,
participated in the experiment. Table 3-2 provides an overview of participants’ experience and their
current aircraft and rank. The first crew consisted of participant 1 and 2, the second of 3 and 4, etc.

Table 3-2: Participants' details

Participant  |Year of birth  Present rank Clurrent a/c type Hours flown in total
1 1958 Captain B777 6300
2 1964 First officer B777 5550
3 1953 Captain B747-400 15500
4 1972 First officer A320/ A319 5080
5 1970 Captain B737 300-900 8770
6 1975 First officer B737 NG 2800
7 1964 Captain B737 300-900 6500
8 1967 First officer B747-400 8170
9 1960 Captain A320 7700
10 1964 First officer MD-11 4850
3.4.2. Duration of the experiment

According to the above planning, each crew carried out 16 runs (see Section 3.2.3). Together with an
initial briefing and some training flights in the simulator, these 16 runs were conducted within 2 days.
This means that 5 crews participated for 2 days each, yielding a total of 10 experimental days.

3.4.3. Pre-experimental information and training

A briefing guide was sent out to all participants a couple of weeks before the start of the experiment.
Furthermore, a considerable part of the first experiment day was used for training purposes. The
briefing guide and the training covered the following topics:

A short presentation of the Sourdine concept and the proposed approach and departure
procedures,

A description of the flight simulator,
A description of the function and usage of the pilot tools.

In addition, training runs were conducted in order for the participants to familiarise themselves with
the simulator. These training runs covered the en-route phase as well and lasted longer than the
experimental runs. Longer training runs should be better suited for familiarisation with the simulator
than short, frequently interrupted flight sections.

Each of the two participants in a crew had the same amount of training time as PF and as PNF.
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3.4.4. Time schedule for the simulation

Every simulation run lasted around 15 minutes (from TMA entry point until touch-down). Starting up
the simulator for the next exercise took around 5-10 minutes. During this time, participants were
requested to fill in post-run questionnaires for the measurement of workload and experiences during
the previous experimental run. The time schedule for the 2 simulation days was as follows:

First day

9:00 Briefing on the concept, the procedures, and the pilot tools
10:30 Coffee Break

10:45 Training flights in the simulator

12:15 Lunch

13:15 Continued training in the flight simulator
14:15 Run 1 - 4 (including questionnaires)
15:45 Coffee Break

16:00 Run 5 -6 (including questionnaires
16:45 De-briefing

17:00 End

Second day

8:45  Arrival at Simulator

9:00 Run 7 - 10 (including questionnaires)
11:30 Coffee Break

11:45 Run 11 - 12 (including questionnaires)
12:30 Lunch Break

13:30 Run 13 - 16 (including questionnaires)
15:00 Coffee Break

15:15 Final De-briefing

17:00 End

3.4.5. Presentation order of experimental runs

According to the planning, each crew conducted 16 approaches/departures. In order to control for
training effects, care was taken that the order of conducting the flight missions varied between crews.
Complete randomisation was not applied. Rather, the runs were executed in clusters using the same
procedures (see Table 3-3).
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Table 3-3: Clusters with experimental conditions

Cluster A Cluster B Cluster C Cluster D Cluster E
Condition Procedure  |Condition fProcedure  (ondition P rocedure | Condition Procedure Condition Procedure
1 | 3 I} 6 I} 9 1A 12 \Y
2 | 4 I} 7 A 10 A 13 \Y
15 1 5 I} 8 A 11 A 14 \Y
16 2

The order in which these clusters of experimental conditions were completed by the participants was
randomised over the different crews by using a Latin Square arrangement (see Table 3-4).

Table 3-4: Presentation order of clusters with expe  rimental conditions over the crews

First cluster Second cluster Third cluster Fourth c luster Fifth cluster
Crew 1 A D C B
Crew 2 C A E D B
Crew 3 D B A E C
Crew 4 E C B A D
Crew 5 B E D C A
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3.5. Results

During the flight simulation experiment, both objective and subjective data were collected. Objective
data were, for example, the horizontal and vertical paths that were flown, engine power, the use of
speed brakes, etc. Subjective data consisted of questionnaires that were filled in by the participants.
Notes taken by the in-flight observer were used as additional source of information, mainly for
reference when non-nominal situations occurred.

The participants in the flight simulation experiment completed questionnaires at three different
moments during the experiment: prior to the simulation (a demographic questionnaire and a pre-
experiment questionnaire); after each experimental run during the experiment (post-run
questionnaire) and during the debriefing when the experiment had been completed (debriefing
guestionnaire). The data collected by means of the demographic questionnaire were gathered for
administrative purposes and for reference with respect to participants’ experience (see Table 3-2).

The pre-experiment questionnaire mainly focused on assessing the participants' opinion towards new
noise-abatement procedures before they had actually flown them. They had to make a rating of the
current and new procedures, based on their experience and the information they received by means
of the briefing guide. In addition, after each experimental run that was performed, a post-run
questionnaire had to be completed based on the participant's experiences during that specific run.
Finally, after the experiment had been completed, participants had to fill in a debriefing questionnaire
to indicate their overall opinion on the procedures, the tools used, and the experiment.

All of these questionnaires consisted of both open questions as well as multiple-choice questions with
several rating options (for example, on a scale from completely disagree (= 1) to completely agree (=
6)), followed by the possibility to explain this rating in more detail. Altogether, this set of questions
resulted in both quantitative data (e.g. the ratings given on a scale from 1 to 6) and qualitative data
(e.g. the answers for the open questions and additional comments for the multiple-choice questions).

In the following section, the results from the experiment will be described. Note that when referring to
the procedure numbers, procedure IlA (with speed constraints) is considered to be a variation of
procedure I, the general 2 degree fixed vertical path procedure. To prevent confusion, we use the
combination of Il / 1A when speaking about the general procedure, whereas procedure |l refers to the
conditions without speed constraints and IIA to the conditions with speed constraints.

3.5.1. Safety

Participants made safety ratings of the procedures that were flown in the pre-experiment, the post-
run, and the debriefing questionnaires. The goal of this safety rating was to let pilots indicate how
safety would be impacted by the procedure. Therefore, this concerns a subjective measure rather
than objective. The figures below (3-2 and 3-3) show the results of the ratings.
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Approach procedures I, Il / lIA, and V

Comparing the safety ratings of the departure procedures I, Il / 1A and V identified a tendency that
procedure | is rated safer than procedure V, both before and after the experiment (both p <.10).
Furthermore, after the experiment, procedure Il is also rated significantly safer than procedure V (p <
.05). Taking a closer look at the ratings during the experiment (post-run) did not reveal any significant
differences in safety ratings between procedures. The reason for this could be that the participants
did not experience procedure V as being very unsafe during the experimental runs (all ratings are still
in higher spheres of safety). However, when asked to give their rating during the debriefing, a more
direct comparison between the various procedures is given which had a negative impact on the
safety rating of procedure V.

Additional comments

Some additional comments were made that show in more detail why procedure V is experienced as
less safe than procedure | and Il / lIA. The comments below are based on remarks made during the
post-run and debriefing questionnaires.

During the experimental runs with procedure V, the a/c speed was sometimes close to barber
pole (= indicator in the speed portion of the Primary Flight Display which indicates the speed at
which an overspeed condition occurs). The use of speedbrakes was therefore necessary for a
longer time. This is not really safe.

Good tools for energy management are desired (e.g. vertical navigation display, correct flap/gear
extension points) to fly this procedure safely.

There is little room for error from both ATC and a/c crew (high & hot is easy to develop), which
will result in being late stabilised or even worse, more go-arounds when procedure V is flown. By
itself, this is still safe. However, in a busy environment like Schiphol airport, this can result in
undesirable situations.
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Objective measurements

Objective measurements related to safety concern the use of speed brakes during the procedures.
Using speed brakes is one of the controls available to reduce speed or expedite the descent at a
certain moment. However, it should not be necessary to use speed brakes even under normal
(weather) conditions, because this reduces the control margin available in more difficult conditions.

Measurements of the percentage of time ] ]
(as part of the duration of the entire Percentage of time using speedbrakes
experimental run / approach) the speed
brakes were used on average for each of
the three approach procedures are 80
presented in Figure 3-4. This graph 60
shows that speed brakes are used up to 8
20% of the time for procedure V, and
almost never for procedure | and 11 / l1A. 20 M
This corresponds to what the participants 0=

already noted in the questionnaires: the Procedure | Procedure II / lIA Procedure V
use of speed brakes is necessary for a Procedure

longer time, which is not really safe
because the control margin is lost. In

addition, it should be noted that many . . . .
aircraft are designed in a way that speed  Figure 3-4: Percentage of time using

brakes cannot be used in full flaps speedbrakes for the three approach procedures
configuration.

100
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In addition to the use of speed brakes, the data also showed an early gear deployment for two of the
five crews for procedure V with tailwind. These crews already selected gear down at 4000 — 4500 ft,
whereas the procedure prescribes 2000 ft as altitude for gear down (which was adhered to for the
other procedures / conditions). This is another indication that the aircraft was flying too fast, and that
even using speed brakes was not sufficient to slow down.

Departure procedures 1 and 2

For departure procedures 1 and 2, the results show that procedure 1 (the current procedure) is rated
safer than procedure 2 (the Sourdine Il optimised close-in). This difference is significant for both the
pre-experiment ratings (p < .01) as well as for the debriefing ratings (p < .05). For the post-run
ratings, the difference is not significant, which is probably because of the fairly small sample size for
these procedures (6 participants completed both departure conditions).

Additional comments
Participants explained why they think procedure 2 is less safe than procedure 1.

The thrust level after thrust reduction at 800 ft is rather low. If an engine fails just after this point,
the resulting net flight path is zero. There is less margin for this procedure. Therefore, good
(simulator) training is needed on how to fly in such a situation.

Procedure has to be reviewed per runway to see if obstacles are not in the way.

3.5.2. Efficiency

Participants’ ratings about efficiency were only measured in the post-run and debriefing
guestionnaires (see Figures 3-5 and 3-6). What is meant by efficiency is mainly related to getting
from one point to another in the fastest way, but also with optimal energy management. Therefore,
efficiency is characterised by the pilots as the distance that has to be flown, the time it takes to do
this, and the energy (fuel) it costs to do this.
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Approach procedures |, Il / II-A, and V

An overall effect of procedure was identified for efficiency ratings in the post-run questionnaires (p <
.05). More specifically, a significant lower efficiency rating was given by the participants for procedure
| than for procedure Il (p <.05), for procedure | than for procedure lIA (p <.05), and for procedure |
than for procedure V (p < .05).
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Figure 3-5: Efficiency ratings for approach Figure 3-6: Efficiency ratings for approach
procedures - Post-run questionnaire procedures - Debriefing questionnaire

The debriefing questionnaire revealed a more or less similar picture: an overall significant difference
in efficiency ratings for the three approach procedures (p < .05), with a tendency of a lower efficiency
for procedure | than for procedure 1l / 1A and for procedure | than for procedure V (both p <.10).

This shows that the proposed noise-abatement procedures Il / 1A and V are rated to be more
efficient than the current approach procedure.

Additional comments

In the additional comments to the efficiency ratings, participants explained why they think that
procedure | is less efficient than procedure 11/ 11A and V.

Procedure | has a very long and low segment in the approach phase (especially at 3000 ft),
which is not fuel efficient. Often, there is a large number of track miles in this approach, during
radar vectoring. For ATC, this may be effective, but pilots regarded this as inefficient.

Procedure | has a stepwise descent including speed changes, continuous descent is much more
(fuel) efficient.

But there are also some efficiency remarks for procedure Il / 1A and V.

Procedure Il / I1A: this procedure is efficient, but a rather slow approach. Sometimes, there are
sections during the approach where thrust has to be applied (e.g. due to wind variation) (remark:
this was exactly how the procedure was intended).

Procedure V: 2000 ft instead of 3000ft ILS intercept would be even more efficient.

Procedure V: speed brakes are sometimes necessary to meet speed restrictions, this is not
efficient. Optimisation of the (vertical) path (taking wind information into account) in order not to
use speed brakes would be the best.
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Procedure V: with good tools for energy management, this approach is the most efficient of all
three approaches.

Average fuel used per procedure
Objective measurements
An objective measurement of the 700
efficiency of the approach 600
procedures is mainly formed by the 3 500
average fuel consumption of the 5 400
aircraft (simulator logging). As all 2 300
procedures start from the same B o0
point (either at SUGOL or RIVER) w
and end at the same point (touch 100
down on runway 18R), the period in 0
which the fuel consumption takes Procedure | Procedure Il / lIA Procedure V
place is determined by the Procedure
procedure that is flown. Figure 3-7
shows the average amount of fuel Figure 3-7: Average fuel consumption for the three

used per procedure. approach procedures

This figure indicates that the

average fuel consumption for procedure Il / 1A is lower than for procedure | and V, which means that
procedure 1l / lIA is more fuel efficient. It also shows that procedure V is not fuel efficient compared to
the other two procedures, and also that it is not as efficient as pilots thought it would be. Although the
descent is (mainly) with idle thrust, the aircraft has to fly for a longer period on a level segment at
7000ft, and at this altitude, flaps 2 is already selected adding drag rather early in the approach. The
frequent use of speed brakes also makes it less efficient.

Another efficiency and airline cost related issue is related to maintenance costs. Flying in
intermediate configuration (with flaps 2 selected) for a longer time will result in earlier structural
fatigue, which will impose higher maintenance costs. This is a factor that was not measured in the
current experiment, however, it will be important to consider this before a procedure can be
introduced in practice.

Departure procedures 1 and 2
L This procedure is efficient
No significant effects of departure procedure were

found for efficiency ratings (see Figure 3-8). In the
debriefing questionnaire, the Sourdine Il optimised
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Additional comments

Procedure 1 Procedure 2
Although no significant differences in efficiency Procedure
ratings for the two departure procedures were
identified, some additional comments explained in 9
more detail why participants rated procedure 2
less efficient than procedure 1 in the debriefing Figure 3-8: Efficiency ratings for
questionnaire. departure procedures
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Time to reach cruise level increases for procedure 2.
Pilots expect that a longer period at a lower altitude is more difficult for ATC in a busy TMA

For procedure 2, flaps are retracted at 3000ft, whereas for procedure 1, flap retraction is already
at 1500ft. Therefore, flaps are selected for a longer time for procedure 2.

3.5.3. Noise

The participants were also asked to give a rating of noise-friendliness of the procedure. This question
was included to investigate the pilots' awareness of the noise their aircraft is producing on the
ground. Noise-friendliness ratings were performed in both the post-run as well as the debriefing
guestionnaires.

Approach procedures I, Il / [I-A, V

The noise-friendliness ratings performed in the post-run and debriefing questionnaires both pointed
very clearly at a significant effect of procedure on noise friendliness (for both p < .001). This effect
was expressed in the significant lower noise-friendliness ratings in the post-for procedure | than for
procedure Il (p <.05), lI-A (p <.01) and V (p < .01). A similar effect was identified in the debriefing
guestionnaire, for which the ratings showed a significant lower noise-friendliness rating for procedure
| than for Il / 1A and V (both p < .001).

These results were corresponding to the intentions behind developing new approach procedures: the
current approach procedure is not very noise friendly, and by flying a continuous descent approach, a
much more noise friendly flight is possible.
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Figure 3-9: Noise-friendliness ratings for

approach procedures - Post-run
guestionnaire

Additional comments

Figure 3-10: Noise-friendliness ratings

for approach procedures - Debriefing

guestionnaire

The results of the ratings presented above indicate a much more noise friendly flight for procedure 11 /
IIA and V than for procedure I. This result was even more stressed by the comments the participants

gave in addition to the ratings.
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Procedure | has a very long en low segment in the approach phase, which is not noise efficient.
Unnecessary low flying with low speed, which requires more thrust. If there is any part of the low
level segment where you need thrust to maintain level, it causes a lot of noise.

When flying procedure 1l / 1A, thrust is used only occasionally, therefore it is very noise friendly.
In addition, optimisation of the flap/ gear configuration points would result in an even more
optimal path, as this decreases the need for thrust as a result of too early configuration.

The G/S intercept for procedure V could be at 2000 ft instead of 3000 ft, which creates a longer
idle descent. In the current procedure, some thrust was required after G/S intercept at 3000 ft.
Later interception would therefore be more noise friendly.

Objective measurements

Objective indices of noise were based on measurements of percentage N1 during different segments
of flying the procedures. Figures 3-11 — 3-14 present plots of percentage N1 for four different
conditions (procedure I/normal wind; procedure ll/normal wind; procedure V/normal wind, procedure
V/tailwind). For reference, a plot of the vertical path of the procedures flown is also included. The red
marks indicate the segments where the flaps were deployed by the different crews. Not all crews
deployed flaps at the same time, and the red mark indicates the range in which flap deployment took
place for the different crews.
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Figure 3-11: N1 and altitude for condition 1 (proce  dure I, normal wind)

Figure 3-11 shows that for procedure |, the variations in N1 are mainly during the level segments of
the flight. These variations in fan speed cause a lot of noise nuisance. This is the main reason why a
continuous descent is preferred to an approach in which a lot of level segments are flown (at a lower
altitude).
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Figure 3-12: N1 and altitude for condition 3 (proce  dure Il, normal wind)

Figure 3-12 displays the noise profile for procedure I, in which a continuous descent was flown. This
figure shows less variations in N1 fan speed during the descent than on the level parts in procedure I.
Engine thrust level decreases from about 60-70% N1 on the level segment at 7000ft to about 20-30%
N1 from the beginning of the continuous descent. This is much more noise friendly.
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Figure 3-13: N1 and altitude for condition 12 (proc  edure V, normal wind)

Figures 3-13 and 3-14 both indicate the percentage N1, altitude, and segments of flap deployment for
procedure V. Figure 3-13 displays the condition with normal wind, Figure 3-14 shows the noise profile
for a condition in which a strong tailwind was present. These figures both show that the selection of
flaps 1 and 2 already occurs when flying level at 7000ft, which causes a lot of engine power
variations. However, as this is still at a higher altitude, noise nuisance might still be acceptable.

Another point where large variations in N1 fan speed occur, is after the ILS interception at 3000ft (see
the altitude graph for reference). This is because of the fact that the flight path angle decreases after
ILS intercept, therefore additional power has to be applied to continue on the defined vertical path
(and not descend below the ILS path). Finally, Figure 3-14 shows that with a strong tailwind, even
more fluctuations in engine power occur.
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Altogether, the objective measurements of N1 fan speed show that procedure | is less noise friendly
than procedure Il and V. Furthermore, because of the longer continuous descent, procedure Il would

appear even more noise friendly than procedure V with the steeper descent.
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Departure procedures 1 and 2

Procedure 2 (Sourdine Il optimised close-in) was
developed to be a more noise-friendly alternative for
the current departure procedure. However,
according to the participants' ratings, this objective
was not met. Figure 3-15 presents the results of the
post-run and debriefing ratings for noise-friendliness
of the departure procedures. This shows that there
are no significant differences in noise-friendliness
between procedure 1 and procedure 2.

Additional comments

This result was confirmed by some of the comments
the pilots gave, in which they explained that
procedure 2 causes less inconvenience, but to more
people (noise is spread over a larger area). This
was probably the reason why procedure 2 was not
seen as more noise-friendly than the already
existing procedures.

Objective measurements
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Figure 3-15: Noise-friendliness ratings
for departure procedures

With respect to the departure procedures (1 and 2), also measurements of percentage N1 were
performed. Figure 3-16 presents percentage N1 and the vertical path that was flown for procedure 1
(baseline), whereas Figure 3-17 presents this kind of data for procedure 2 (Sourdine Il optimised

close-in).
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Figure 3-16: N1 and altitude for condition 15 (proc  edure 1)

When comparing these two figures, the thrust reduction at 800ft for procedure 2 (to a one-engine-
inoperative situation) and the subsequent decrease of climb can be clearly seen in the altitude plot.
This reduced thrust level also shows from the percentage N1 in the second plots, however, this
reduction is not impressive. Reduction is from about 100% to about 90% N1.

48




Real time simulations results
Uidin Public

In addition to the noise produced by the (still) high thrust level, the pictures also show a longer flap
deployment for procedure 2 as compared to procedure 1. Flap/slats retraction (represented by the
red arrows in Figure 3-16 and 3-17) is at a later moment for procedure 2. Flying in this configuration
for a longer time causes more airframe noise.
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Figure 3-17: N1 and altitude for condition 16 (proc  edure 2)

In sum, when flying procedure 2, the aircraft stays for a longer time at a lower altitude, with a slightly
decreased thrust level. However, this decrease is limited, and is counteracted by the lower altitude of

flying and the airframe noise cause by longer flap deployment.

3.5.4. Situational Awareness
As was described previously in Section 3.2.2.6, two aspects of the pilot’s situational awareness were

investigated in the present simulation experiment:
The navigation of the aircraft (i.e., route to be flown, distance to threshold), and
The aircraft’s energy state (i.e., a combination of speed and altitude)

Both aspects were evaluated by asking for a post-run rating of navigational and energy awareness
experienced during the applicable experimental run. These ratings were compared for the different
procedures flown, but no significant differences in ratings were identified between procedures.

Figures 3-18 and 3-19 show the navigational awareness and energy awareness ratings for all
approach and departure procedures. These figures also show that the rating of both navigational as
well as energy awareness is always between high (score 5) and very high (score 6).
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Figure 3-18: Navigational awareness Figure 3-19: Energy awareness ratings
ratings for approach and departure for approach and departure procedures

procedures

Additional comments

Because the situational awareness was rated quite high by the participants, not many comments
were given to explain the ratings in more detail. Some remarks noted were:

Navigational awareness

Because there was no information about the planned track during ATC vectored flights
(procedure 1), there was less navigational awareness.

In a few experimental runs, selecting the approach altitude (2000 ft) on the autopilot panel was
forgotten, therefore the aircraft was not descending at the top of descent point. This seems
mainly caused by the moment the approach clearance was given: well before the 7000ft had to
be left (the actual descent point), which is earlier than in current days operation. This results in
that selecting the approach height not immediately follows the clearance, which in some runs led
to forgetting it at all.

Energy awareness

Most of the participants in the study were Boeing pilots. Some of these pilots experienced a lack
of feedback of the aircraft, because there was less environmental noise in the Airbus cockpit than
they were used to.

3.5.5. Sourdine Il tools

The Sourdine Il tools - the flap/gear deployment cues and the vertical navigation display - were
evaluated on their helpfulness and design. No differences in the ratings for helpfulness and design
were found for the different procedures, which means that these tools are rated as helpful for the
different conditions. The results of the ratings for the helpfulness and design of the flap/gear
deployment cues and vertical navigation display are presented in Figures 3-20 and 3-21.

These figures show that the participants more or less agree with the statement that the Sourdine
tools provided helpful information and that the design of the tools was rated as fair to good. In
addition to this rating, participants also gave their comments on these tools and provided suggestions
for improvement of them.
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Additional comments — Flap/gear deployment cues
Helpfulness

The use of cues for the selection of Flaps 1 and Flaps 2 is helpful; the cues for gear down, Flaps
3 and Flaps full cause too much clutter on the display. These three points are located too close

together and below 2000 ft, they are not very useful. Common practice to lower gear at 2000 ft is
used.

The speed is sometimes too high to select the flaps at the indicated position (which may result in
disregard of these points). In case of overspeed, the flaps/gear selection advisory should be
adjusted so that the advise does not result in overstressing the aircraft.

The flap and gear deployment cues have to be optimised according to the prevailing wind
conditions, otherwise, the predictions are incorrect. Furthermore, finetuning is needed for the

exact location of the cues on the profile (e.g. putting the points somewhat later could optimise
noise and fuel burn).

Design

The cue for Flaps 3 is before the cue for gear down, this is opposite of Airbus philosophy.

- The cues for Flaps 3, Flaps full and gear down result in too much clutter.

The influence of wind conditions should be taken into consideration. A more dynamic tool (that is
maybe adaptive) is desired, for example, the possibility of pilot input to customise the approach.

It is suggested to keep the deployment cues in view after the aircraft has passed them. In the
present setup, the indications disappear as soon as the aircraft has passed them. The clues are
then removed, but they may still be needed in case the selections have not yet been made.
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Additional comments — Vertical navigation display

Helpfulness

The vertical navigation display is helpful, otherwise low noise profile is more difficult
In a way, 3D presentation is more helpful, but it is more a confirmation, not extra helpful. It is a
nice to have tool, but not indispensable. There is not enough detail to be really helpful.

Design
It would be nice to have V/S information, descent path information (digitally) and a clear vertical
tendency on the vertical navigation display. Furthermore, data such as wind conditions, terrain
below, other traffic, significant weather, etc. would make the display more useful. It would
improve situational awareness.

In the current display, the FMS calculated vertical path and the actually flown vertical path are
both green, suggest to use different colours.

Approach below 2000 ft is a bit cluttered on display. Expanding the horizontal (distance) scale at
the vertical profile would enlarge readability during approach.

Presentation of the speed constraints on the vertical navigation display would be beneficial.
Readability of the flight path angle (FPA) on the right-hand scale should be improved.

Ground should be better visible on the display.

3.5.6. Workload

Workload was investigated by letting the participants fill in two self-assessment scales, the NASA
Task Load Index (TLX) and the Rating Scale for Mental Effort (RSME). These ratings were performed
in the post-run questionnaires that were completed after each experimental run. The NASA-TLX is a
measurement that is based on six different scales that contribute to workload: physical demand,
mental demand, temporal demand, performance, frustration, and effort. A rating on each of these
scales is multiplied by a weighing factor and results in a single rating for overall workload that lies
somewhere between 0 and 100. The RSME scale however is a rating of mental effort only and
ranges from 0 to 150. Therefore, the rating scales presented in Figures 3-22 and 3-23 are related to
the specific assessment scale (NASA-TLX or RSME), and the values are not directly comparable.

NASA-TLX ratings RSME ratings
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© 30 o 40
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Procedure | Procedure Procedure Procedure Procedure Procedure Procedure Procedure Procedure Procedure Procedure Procedure
I A \% 1 2 | I A \ 1 2
Procedure Procedure
Figure 3-22: NASA-TLX ratings for Figure 3-23: RSME ratings for approach
approach and departure procedures and departure conditions
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Approach and departure conditions — although presented in the same figure above — were analysed
separately. The results showed no significant pairwise comparisons between the procedures for
NASA-TLX or RSME ratings, but a tendency of a higher RSME rating for procedure V than for
procedure | and IIA (both p <.10). In addition, a tendency of a higher rating for HMI 0 (limited) than
for HMI 1 (optimal) was identified for both the NASA-TLX ratings (p <.10) and the RSME ratings (p <
.10). Furthermore, there was a significant effect of a higher RSME rating for procedure Il than for
procedure lIA (p <.05).

These effects of different ratings for HMI and procedure were investigated in some more detail. The
initial analyses were performed on the eight experimental conditions in which procedure Il was flown,
with no ATC direct to NARSI. Initially, the factors that were included in the analyses were HMI (limited
/ optimal), procedure (11 / 11A), and wind (normal wind / tailwind). The results showed that the different
wind conditions did not lead to differences in experienced workload. Therefore, in the next analyses,
conditions with a similar HMI and procedure but with different wind conditions were merged and wind
was not included as a factor in the analysis. The results of these analyses are presented in Figures 3-
24 and 3-25 below.

NASA-TLX ratings for procedure I / 1A RSME ratings for procedure I/ A
(wind conditions merged) (wind conditions merged)
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Figure 3-24: NASA-TLX ratings for Figure 3-25: RSME ratings for procedure
procedure | I

The analysis on NASA-TLX ratings did not reveal any significant differences, but the analysis on
RSME ratings showed a significant effect of procedure (p < .05) and a significant effect of HMI (p<
.01). Procedure Il (without speed constraints) had a significant higher RSME rating than procedure
IIA (with speed constraints). Furthermore, HMI O (limited) received a significant higher RSME rating
than HMI 1 (optimal).

In sum, the collected workload data indicate a higher (mental) workload for procedure V than for
procedure | and Il. This means that procedure V is perceived as more (mentally) demanding by the
pilots. Furthermore, the higher workload ratings for conditions with the limited HMI as compared to
conditions with the optimised HMI, show that a better optimised HMI makes the task to be performed
less demanding for the pilots.
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Correlation between NASA-TLX and RSME ratings

As was described previously, the NASA-TLX and
RSME assessment scales have a different scope.
Whereas the RSME focuses specifically on mental
workload, the NASA-TLX focuses at a broader range o 5y
of workload. However, it is expected that the mental - gu B :
workload components are most important in creating N 2
workload in a civil flight environment as the current w o e
experiment was performed in. Therefore, it was '
expected that the ratings on the NASA-TLX will be s g ;
mainly focused at the more mental aspects of
workload, and a correlation between the two ratings cill G
was therefore expected. A presentation of the 0 ;
correlation between the ratings on both scales is i 2 # ik ot o 2
shown in Figure 3-26. The dots in the figure each T
represent a NASA-TLX and RSME rating given by

one participant during a specific experimental run Figure 3-26: Correlation between RSME
(different colours represent different initial conditions). and NASA-TLX ratings

MASA-TLH rating
a
o

The analysis showed that for each initial condition,

the ratings on NASA-TLX and RSME correlated with a coefficient of more than 0.80, for many of the
conditions even more than 0.90, which is a very high correlation. It also shows that the correlation for
all approach conditions (IC 1 — 14) is significant at a p < .005 level and for the departure conditions
(IC 15, 16), the correlation is significant at p < .05 level.
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3.5.7. Ground tracks (task

performance)
Simulator data were recorded to identify the lateral
path the aircraft was flying in the experiment. This
lateral path was predefined for procedure Il and V
(FMS programmed), whereas it was defined by ATC
vectoring for procedure I.

Figure 3-27 shows the latitude / longitude plots of the
horizontal path for the three different approach
procedures |, Il / 1A, and V. The plots cover the area
of waypoints EH707 and EH708, with ILS intercept
and final approach for runway 18R. These plots show
the difference in ILS interception for the three
procedures.

Figure 3-27: Latitude / longitude plots of baseleg

(bottom left), V (bottom right)

— final for procedure | (top), Il / lIA

Wind conditions were varied for the different noise abatement procedures to see if these new
procedures were still flyable under adverse weather conditions. Under normal wind conditions, the
wind was from heading 220 at about 15 kts. In tailwind conditions however, the crews experienced an

unexpected wind from heading 300 at about 35 kts.

Figure 3-28: Latitude / longitude plots of baseleg

(left) and tailwind (right)

- final for procedure Il / 1A, normal wind
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Figure 3-28 presents lat/lon plots of baseleg and final for procedure 1l / lIA, with normal wind
conditions on the left side and tailwind conditions on the right side. In this picture, it can be seen that
in tailwind conditions, the wind from heading 300 results in some more difficulties in intercepting the
localizer. The tracks of the different experimental runs with tailwind are slightly more variable than the

tracks with normal wind.

Figure 3-29: Latitude / longitude plots of baseleg - final for procedure V, normal wind
(left) and tailwind (right)

More or less the same applies to procedure V. For this procedure, also conditions with normal wind
and conditions with an unexpected tailwind were flown. The plots in Figure 3-29 show that in tailwind
conditions, the deviation between the different tracks just before intercepting the localizer is larger
than in normal wind conditions.
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Speed constraints were included in four experimental runs in which procedure Il / I1A was flown
(procedure IIA). Besides the presence of speed constraints, these four runs were identical to the
other four runs in which the normal procedure Il / lI1A was flown (procedure II).

Figure 3-30 shows plots of the lateral path that was flown in conditions without and with speed
constraints. Localizer interception is shown on the right side of the graph.

This figure shows that there is less localizer overshoot for conditions with speed constraints (bottom)
as compared to conditions without speed constraints (top). This is an important feature, especially
when parallel approaches are in operation, as is a possibility for Schiphol airport (runway 18R and
18C in use). In that case, it has to be made sure that overshooting the localizer (which can result in
conflicts with approaching traffic on the other runway) is a rare event.

Applying speed constraints to assure that localizer interception is with a lower speed may be a way to
do this.

Figure 3-30: Latitude / longitude plots of baseleg — final
for procedure Il / [IA without (top — procedure 1) and with
(bottom — procedure 1l1A) speed constraints

In sum, the ground tracks of the procedures flown were mostly corresponding to the planned routes.
Only some minor deviations were observed, but the planned route was usually followed closely.
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3.5.8. Acceptance

Acceptance was investigated as an overall measurement: are pilots willing to accept the proposed
procedures for use in daily operation? Acceptance ratings were performed in all three types of
guestionnaires, however, in the pre-experiment questionnaire, only ratings for new procedures (that
is, I/ 1A, V, and 2) were asked. This because asking whether the pilots are willing to accept the
current procedures was not a relevant question. The results of these ratings are presented in Figures
3-31 and 3-32.

This procedure is acceptable This procedure is acceptable
6 6
5 5
8 g o
%§ 3 — %§ 31
5 £:
58, £S5, i
5y 537
T R —
0 . . 0
Procedure | Procedure 11/ IIA Procedure V Procedure 1 Procedure 2
Procedure Procedure
‘D Pre-experiment B Post-run O Debriefing ‘ ‘D Pre-experiment B Post-run O Debriefing ‘
Figure 3-31: Acceptance ratings for Figure 3-32: Acceptance ratings for
approach procedures departure procedures

The graphs above show that acceptance is rated high and no significant differences in acceptance
ratings were obtained for the different procedures; not for approach procedures, and not for
departure procedures.

Additional comments

Acceptance is rated high for all procedures, as was presented above. However, for each procedure,
participants also made some remarks related to acceptance.

Approach procedures I, Il / lIA, V

Procedure I: this procedure is overall safe (you cannot really go wrong because of the level
segment prior to intercepting the ILS), and it is common practice at a lot of airports. However,
there are also some disadvantages, for example related to noise. People that live in the area
surrounding the airport complain about this noise, and therefore an important goal is to reduce
noise to make aviation acceptable for the society.

Procedure 11/ l1A: this procedure goes towards the ultimate goal of pilots: a top of descent at
cruise flight level, then retard to almost idle and make one continuous descent and decelerate to
flap extension speed, still with idle thrust and to give thrust just around 1000 ft above aerodrome
height. An approach with this in mind is advantageous regarding fuel and noise. It is expected
that procedure Il / IIA has a better noise footprint than procedure I, but also more margins for
error (energy corrections) than procedure V. In addition, there is also some room for ATC to
make changes. A disadvantage is that this procedure is slightly slow, which makes it less
efficient.
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Procedure V: characterised by the fact that it is very noise friendly and also fuel efficient.
However, there is not much room for error, because you are already on idle (the next step is
speed brakes or even more drastic, gear down). There is an increased risk of being too high
and/or too fast. This procedure has to be flown with care and anticipation, and sufficient control
margin has to be available.

Departure procedure 1, 2

Procedure 1: the current departure procedure 1 is seen as a relatively safe departure, with a
rapid climb that makes it economic (quicker at cruise altitude) and produces only noise close to
the airport. This is also its disadvantage; it produces more noise close to the airport, and it is not
really fuel efficient.

Procedure 2: the advantage of the Sourdine optimised close-in departure procedure is less noise
due to a lower thrust setting. However, this advantage is mainly for the area close to the airport,
as there is more noise further from the airport. Additional disadvantages mentioned by the
participants are less terrain clearance (not possible with limiting obstacles), decreased passenger
comfort, less economic and relatively low thrust at critical stage of flight. Some of these
disadvantages can be overcome by good training of the aircraft crew. It will take time to get used
to such a departure procedure, it is possible, but not preferred.

Departure procedure 3 was not part of the experiment. Only the baseline (procedure 1) and Sourdine
procedure 2 was applied. The moment of acceleration and changing from take-off configuration to
clean configuration differs between the two procedures. Both Sourdine departure procedures
however are characterised by reducing thrust shortly after take-off leading to a lower climb rate while
being close to the ground. All feedback given by the pilots indicate that reducing thrust while being at
low altitude in the climb has a negative impact on safety perception and noise reduction is
questioned. It should be noted that no pilot has flown procedure 3 and the above made comment is
purely subjective based upon pilot feedback on procedure 2 compared to the baseline procedure 1.

Objective measurements

Although acceptance is mainly measured by subjective measurements such as the questionnaires, it
is also possible to capture some aspects of acceptance of the newly proposed procedures in a more
objective way. An example of this is compliance with the prescribed procedures, and more
specifically, the selection of flap and gear configurations. Because the noise abatement procedures
are programmed in the FMS, the aircraft is able to fly the defined lateral and vertical path without pilot
intervention. However, the selection of flap configuration and the deployment of the landing gear is
still something that has to be performed by the cockpit crew.
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In some of the experimental conditions (initial condition 5, 6, 9, 10, 11, 12, 13, and 14), flap and gear
deployment cues were displayed on the navigation display to indicate the time at which the different
flap and gear selections should be made. In the other conditions, participants were free to choose the
moment of flap selection. Therefore, it was expected that if the participants complied to the
prescribed procedure including the flap selection points, the range of flap selection altitude for the
different crews would be smaller for conditions with flap cues than for conditions without flap cues.

Flaps 1 selection altitude
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g —l—crew 2
3 crew 3
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Figure 3-33: Flaps 1 selection altitude for each cr  ew and condition

Figure 3-33 presents the altitudes at which flaps 1 were selected by the different crews, for the
different experimental conditions. It is clear from this picture that in condition 5, 6, 9, 10, 11, 12, 13,
and 14, the flap selections were made at almost the same altitude by all crews. This is in contrast
with the other conditions, in which no flap cues were provided, and in which there was a much larger
variation in the selection altitude. This indicates that the crews highly complied with the prescribed
procedure.

More or less the same holds for the selection of flaps 2 (see Figure 3-34). Here, there is also less
variation in the selection altitude for the flap setting in conditions with the flap cues than in conditions
without. However, it can be noted that there were some crews that made the selections somewhat
later (at a lower altitude). There are two plausible reasons for this:

The maximum speed for selecting flaps 2 is 196kts, whereas the maximum speed for selection of
flaps 1 is 240kts. In some cases, it was not possible to select flaps 2 at the prescribed moment
because of a too high speed. The aircraft had to slow down (which means in the CDA that they
also had to descend) first before flaps 2 could be selected.
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Some crews noted that the flap deployment cues used in the current experiment were sometimes
a little too conservative. This could have resulted in postponing selection of flaps 2 to a
somewhat later point (and thereby lower altitude). However, it should be noted that this
conservative procedure assures control margin which is lacking in procedure V.

Flaps 2 selection altitude
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Figure 3-34: Flaps 2 selection altitude for each cr  ew and condition

Altogether, the data show that the procedures were mainly followed as prescribed.
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3.6. Discussion and Conclusions — Evaluation of obj ectives

In Section 3.1.2, seven objectives were described on which the real-time simulation for the airborne
side was focused. In the current section, these objectives will be evaluated and illustrated.

Objective 1: Evaluate the flyability of the propose  d NAPs.

Flyability of a procedure is not only the result of the design of the procedure itself, but is also
influenced by several external factors, such as weather conditions (e.g. tail wind) and ATC related
instructions. Some of these factors were investigated in the current experiment.

But first of all, a procedure should be flyable under normal conditions, for example with normal wind
conditions. Both noise abatement procedure 11 / 1A and V showed to be flyable under these
conditions. However, robustness of a procedure has to be proven in non-nominal conditions, such as
an unexpected tailwind.

Procedures Il and IIA were investigated with and without the use of additional tools (the flap and gear
cues and vertical navigation display). In both situations, the procedure was flyable. However, it was
noted that in conditions without cues, the crew delayed making flap selections (compared to the
cues), what resulted in a higher speed for a longer time. Procedure V was not tested without these
cues, but it can be imagined that postponing configuration changes and thus maintaining a higher
speed is likely to have a larger impact on this procedure, because operation is already more towards
the margin.

Furthermore, the impact of applying speed constraints was investigated. These speed constraints
were included as part of the procedure, not as speed instructions given by ATC. The results showed
that localizer overshoot was less likely for conditions with speed constraints as compared to
conditions without speed constraints, since without applying speed constraints the aircraft
decelerates later as computed by the FMS. Applying speed constraints may therefore be useful in
situations where localizer overshoot can potentially result in dangerous situations, such as when
parallel runways are in use (and overshooting the localizer can interfere with traffic on the parallel
runway).

Finally, in some conditions, ATC short-cuts were given for aircraft arriving from SUGOL. The aircraft
was directed to NARSI without flying over MICOL first. This can be done by ATC to optimize
separation between the aircraft, but it also requires some actions to be performed by the cockpit crew
at a fairly low flight level. The results showed no difference for any of the procedures investigated (I,
IIA and V) when comparing the conditions with and without an ATC direct-to instruction. Flyability of
the procedures therefore seems not to be affected by this type of ATC instructions. The directs were
given before the noise abatement procedure had to be initiated, in this case, before further
descending from FL70.

Finally, although not investigated in much detail, the proposed departure procedure showed to be
flyable according to what is prescribed. However, participants had their doubts whether it was still
flyable in a situation with one engine inoperative. Additional factors like wind and ATC instructions
were not applicable for this procedure and therefore not investigated.

Objective 2: Evaluate whether the proposed Noise Ab  atement Procedures (NAPS) yield a
reduction in the noise level as compared with curre nt procedures.

Both the subjective (questionnaires) as well as the objective (percentage N1) simulator recordings
with respect to noise level, revealed that the proposed Noise Abatement Approach Procedures are
expected to result in a reduction of the noise level on the ground.

However, these objective data also clarified that procedure Il / [IA appeared to be overall noise-
friendliest of all procedures that were investigated, something that was not seen in the subjective
ratings. Although procedure V has a noise friendly continuous descent, a longer level flight is
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necessary at 7000ft. In addition, interception of the ILS is from above, which results in additional
thrust required to maintain the glideslope after interception.

The expected noise reduction for the proposed noise abatement departure was not really seen,
although there was a small reduction from about 100% N1 to 90% N1. An additional source of noise
— airframe noise — comes from flying in take-off configuration for a longer time in procedure 2.
Altogether, a noise reduction was not demonstrated for procedure 2 in the current study. In addition,
a noise penalty is paid in the sense that noise is spread over a larger area.

Objective 3: Evaluate the impact of the NAPs on air  line costs (“flight efficiency”).

Post-run questionnaires revealed that participants rated procedure Il as the most efficient procedure,
followed immediately by procedure IlA (the speed constraints version of Il) and V and after that
procedure |. A somewhat similar picture appeared from the debriefing questionnaire, although
procedure Il / lIA and V were rated more or less as efficient.

The objective data that were recorded to investigate efficiency consisted of the fuel used for the
different procedures, from TMA entry point to landing. With respect to fuel efficiency, it was shown
that procedure 11 / 1A is more fuel efficient than procedures | and V. However, these data also show
that flying procedure V is less fuel efficient than procedure I. This is probably because of the
prolonged use of speedbrakes and because of the longer level flight at 7000ft, after which a descent
in intermediate configuration is started. This is not very fuel efficient.

Of course, not only fuel efficiency contributes to a certain level of efficiency. Other aspects like
maintenance costs, airport traffic capacity and flight time also relate to the overall level of efficiency.
However, these factors were not investigated in the airborne real time simulation.

With respect to the departure conditions, it is more difficult to conclude something regarding
efficiency. Most important fact is that flying on a lower level is usually not very efficient. Aircraft fly
most efficient at their cruise level, therefore pilots want to be as high as soon as possible. Depending
on the total duration of the flight, this becomes a more important issue. For an aircraft flying from
Amsterdam to London — as distance at which it is not even possible to reach maximum flight level
because top of descent has to be before this level is reached — it is more important to climb fast.
However, for an aircraft on an intercontinental route, this requirement is less stringent. In this case,
the aircraft has a much longer flying time (also on cruise level) and a somewhat lower beginning is
less of a problem. But in sum, procedure 2 is not expected to be more efficient than then current
procedure. The impact of this depends on the rest of the flight the aircraft is taking off for.

Objective 4: Evaluate whether the proposed NAPs and pilot tools change the level of safety as
compared with current procedures and tools.

In the current experiment, safety is mainly investigated by subjective measurements. Participants
were asked to give a rating of experienced level of safety when flying the different procedures.
Although the participants mainly agreed with the statement that the procedures were safe, they had
some remarks for procedure V. They felt there was not a very large control margin available to make
corrections possible (e.g. in case of an error or of unexpected conditions).

These concerns were confirmed by logged simulator data. For each of the three approach
procedures, the average percentage of using speedbrakes was calculated. This showed that speed
brakes are used in up to 20% of the time for procedure V, and almost never for procedure | and Il /
IIA. When using the speedbrakes is necessary for a lot of (even normal) situations, this does reduce
the control margin available and is therefore less safe.

For the departure conditions, the differences in subjective ratings on safety for the baseline and
advanced procedure were more apparent. Procedure 2 was rated as significantly less safe than
procedure 1. Main reason for this is the concern regarding the thrust level after reduction at 800ft.
Pilots do not feel comfortable to fly at a lower altitude for a longer time. With an engine failure after
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this point, climbing would not be possible anymore. Related to this is the fact that obstacle clearance
is an important aspect for a departure that stays on such a low altitude for a long time.

Objective 5: Evaluate acceptance of the NAPs and pi  lot tools.

Acceptance is difficult to measure in an objective way. Therefore, acceptance data were mainly
gathered in the questionnaires, in which the participants were asked to give acceptance ratings and
invited to state which problems they see for the different procedures.

In the questionnaire, the participants were asked whether they would accept the new procedure in
their real working conditions. It was emphasized that they had to take in mind that they would have to
fly these procedures on a daily basis. This to make sure that the pilots would balance the pros and
cons against each other to come to a rating on acceptance. This resulted in that acceptance for all
approach procedures was rated as high.

With respect to the pilot tools provided in some of the runs in the experiment, it can be concluded that
these tools are rated to be helpful, but that optimization is probably needed. Improving the pilot tools
by taking the suggestions of the participants into account will most likely increase the helpfulness of
the information provided. For example, the applied flaps 1 and 2 points were regarded as too
conservative to most of the pilots.

A slightly more objective measure of acceptance of the pilot tools, is the extent to which pilots comply
with the instructions as presented by the cues on the navigation display. The results described in
section 3.5.8 showed that the crews usually very well complied with the prescribed selection points,
which is also an indication that acceptance is high.

Objective 6: Evaluate the impact of the proposed NA  Ps and pilot tools on workload.

The impact of the new procedures and the pilot tools on the workload of the crew was investigated by
subjective measures (RSME, NASA-TLX) that were completed by the pilots after each experimental
run. These ratings scales provide a picture of how the pilots themselves experienced their workload.

Main results were that procedure V was rated a slightly higher workload than the baseline (I) and
procedure Il / lIA. This is corresponding to the concerns the pilots already expressed with respect to
the reduced control margin that is available when flying procedure V. Furthermore, the results also
showed that when flying procedure I, the version without speed constraints (Il) lead to a higher
workload rating than the version with speed constraints (lIA).

With respect to the pilot tools (the limited or optimal HMI) the results showed that participants
experienced a higher workload when procedure 1l / [IA had to be flown with the limited HMI (without
cues and VND) than when the optimized HMI was available. Apparently, the newly designed HMI
aspects do help the pilots in reducing their workload, and make the task less (mentally) demanding.

The subjectively experienced workload for the departure conditions was overall a lot higher than for
the approach procedures. However, because the sample size for the departure conditions was very
limited (only three crews performed these runs), calculating statistical values is not so meaningful. In
addition, it appeared that the overall workload rating of the two crews that did not perform the
departure conditions was lower than the overall workload rating of the other three crews. It is
therefore likely that as a result of not having these two crews included in the sample for the
departures, the average workload rating increased. Therefore, no conclusions can be made based on
the difference in workload rating between approach and departure conditions.
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Objective 7: Evaluate the impact of the NAPs and pi  lot tools on situational awareness
(“energy awareness”).

Situation and energy awareness ratings were performed by the participants themselves. After each
experimental run, they had to indicate whether they felt they were aware of the energy state of the
aircraft and the situation in which they were flying. This resulted in a set of awareness ratings, which
were described in section 3.5.4. The results indicated an overall high awareness of the pilots — both
energy and situational — and no differences between the baseline conditions and noise abatement
procedures were identified.
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4. The ATC simulation

4.1. Aims and objectives of the SII RTS for the gro  und side

4.1.1. General Aim

The general aim of the Sl Real Time Simulation (RTS) for the ground side is [D6-4]:
to present controllers with the new noise abatement procedures (NAPs) and controller tools,
to investigate the feasibility and acceptance of the proposed NAPs,
to investigate the usability and acceptance of the proposed controller tools, and

to assess the impact of the proposed NAPs and controller tools on safety, capacity, airline costs
as well as on controller workload and situational awareness.

4.1.2. Evaluation Objectives

The general aim of the Sl RTS for the ground side as described above was further detailed in a
number of evaluation objectives. These are listed below.

Objective 1: Evaluate the acceptance of the NAPs.  Within Objective 1, the following questions
were investigated:

1. Are controllers willing to accept the new working methods that follow from the use of NAPs?
2. Do controllers think that the NAPs could be used in real operation?

3.  Which advantages/disadvantages of the NAPs do controllers see?
4

To which extent do controllers deviate from the proposed NAPs (in terms of deviations from the
proposed routes)?

Objective 2: Evaluate the usability of the controll er tools (i.e., ghosting and monitoring aid).
Within Objective 2, the following questions were investigated:

1. Do controllers see any benefits in the information provided by ghosting and monitoring aid?

2. To which extent do controllers make use of the information provided by ghosting and monitoring
aid?

Objective 3: Evaluate the impact of the NAPs on air  line costs. Within Objective 3, the following
guestions were investigated:

1. Are there any differences in the average trajectory per aircraft in the TMA between the approach
procedures (Reference Procedure | & RNAV procedure, Procedure Il, lI-A, and V)?

2. Are there any differences in the calculated flight time in the TMA between the approach
procedures (Reference Procedure | & RNAV procedure, Procedure 11, II-A, and V)?
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Objective 4: Evaluate whether the proposed NAPs and controller tools change the level of
safety as compared with current procedures and tool s. Within Objective 4, the following
guestions were investigated:

1. Are there any differences in the number of STCAs between the approach procedures?

2. Are there any differences in the number of separation losses on final approach between the
approach procedures and tool sets?

3. Are there any differences in the experienced safety level between the approach procedures?

Objective 5: Evaluate whether the proposed NAPs and controller tools affect the capacity as
compared with current procedures and tools. Within Objective 5, the following question was
investigated:

1. Are there any differences in the landing interval (number of aircraft landing per time unit) between
the four approach procedures?

2. Are there any differences in the experienced level of capacity and efficiency between the four
approach procedures?

Objective 6: Evaluate the impact of the proposed NA  Ps and controller tools on workload.
Within Objective 6, the following questions were investigated:

1. lIsthere any difference in the subjectively experienced level of workload (ISA, post-run rating
scale) between the approach procedures?

2. Isthere any difference in the task load (total R/T time, number of instructions, number of CFL and
heading inputs) between the approach procedures?

How does the distribution of tasks changes within the controller team (FDR/DCO and ARR)?

Does the controllers’ perception of their ATC task change?

Objective 7: Evaluate the impact of the NAPs and co  ntroller tools on situational awareness.
Within Objective 7, the following questions were investigated:

1. Isthere any difference in the experienced level of situation awareness (as rated on 6-point scale)
between the different approach procedures and tool sets?

2. How do controllers describe and explain the experienced changes in the traffic understanding?
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4.2. Experimental Design

4.2.1. Experimental factors
The following independent variables were manipulated in the SlI ground RTS: (1) Approach
procedures, and (2) controller role [D6-4].

4.2.1.1. Approach procedures
The main manipulation in the experiment concerns the different approach procedures. The following
approach procedures were used in the experiment:

Approach procedure | (Reference procedure).

Approach procedure RNAV (Reference RNAV procedure).

Approach procedure Il (CDA with standard glide slope, without speed constraints),
Approach procedure II-A (CDA with standard glide slope, with speed constraints), and
Approach procedure V (CDA with variable path segment).

Approach Procedures Il and II-A differ in that 1I-A includes fixed speed constraints at certain
waypoints. In this way, “speed constraints” could be considered a further experimental variable.
However, “speed constraints” (with/without) are not fully combined with Approach procedures I,
RNAYV and V. Therefore, it cannot be considered an independent experimental factor.

4.2.1.2. Controller role
Two controller roles in the Schiphol TMA were realised:

The Feeder/Departure Controller (FDR/DCO) for either the TMA East or the TMA West, and
The Arrival Controller (ARR).

The variable “controller role” did not increase the number of trials needed to realise a complete
design. The reason is that, in every simulation run, there is a FDR/DCO and an ARR anyway.
Treating controller role as an experimental variable, however, is important because the proposed
procedures may affect the two roles differently. For instance, a certain procedure might include a shift
of tasks from the ARR to the FDR/DCO, which means that workload decreases for the ARR but
increases for the FDR/DCO.

4.2.1.3. ATC tools

The following tools were used in the experiment: Ghosting (i.e., projection of aircraft radar targets
from the TMA entry point SUGOL on the RIVER route), and the monitoring aid. ATC tools were not
treated as a further experimental variable in the experimental design. The reasons are as follows:
Ghosting is a new tool currently not in use, neither in the baseline reference nor RNAV reference
procedures. Similarly, monitoring aids are expected to be primarily beneficial for the NAPs: with the
NAPs, an important part of the controller task consists in monitoring whether the aircraft follows the
pre-defined route rather than issuing heading or altitude instructions.

4.2.2. Measurements
The data collected in the experiment pertained to the following topics: Airline costs, safety, capacity,
situational awareness, workload and acceptance.
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4.2.2.1. Airline costs

Airline costs were measured in terms of the average trajectory length in the TMA and the calculated
flight time. Any other costs such as investment costs or operational costs associated with the
implementation of the Sl procedures, but also fuel burn, cannot be measured in the ATC simulation,
and thus, were considered outside the scope of the simulation. Thus, the following metrics were
used:

average trajectory length per aircraft in the TMA, and
calculated flight time in the TMA.

Average trajectory length and flight time were compared between the baseline condition and the
proposed Sl procedures.

4.2.2.2. Safety
The following measurements were collected that are related to the concept of safety:

the number of STCAs in the simulations runs
the number of separation losses on final approach, and
the experienced safety level in the simulations runs.

The number of STCAs and losses of separation were recorded on the basis of NARSIM. The
experienced level of safety is a subjective assessment made by the participating controllers on how
safe in their opinion the control of traffic in the simulation was. The experienced level of safety was
measured on the basis of a rating scale used as part of a questionnaire.

All metrics pertaining to safety (i.e., number of STCAs, losses of separation, and experienced level of
safety) are compared between the baseline condition and the proposed Sl procedures and tools.

4.2.2.3. Capacity
Capacity was measured on the basis of the following metric:

the landing interval (i.e., number of aircraft landing per time unit), and

measured realised separation minus required minimum separation. This indicated the excess
spacing between aircraft, though reducing efficient use of runway capacity.

the perceived capacity and efficiency level in the simulation.

The landing interval is based on NARSIM recordings. Landing intervals are compared for the
baseline condition and the proposed SlI procedures and tools.

4.2.2.4. Situational Awareness

Situational Awareness refers to the “the perception of the elements in the environment within a
volume of time and space, the comprehension of their meaning, and the projection of their status in
the near future” (cf. Endsley, [1, 2]).

Situational Awareness was measured on the basis of
A guestionnaire item on the experienced level of Situation Awareness during the simulation.
Self-ratings of situational awareness are compared for the baseline condition and the SlI procedures.
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4.2.2.5. Workload
Workload was measured on the basis of objective and subjective (i.e., self-assessment)
measurements. With respect to objective measurements, the following metrics were used:

total R/T time,

number of instructions (CFL, heading, directs, speed)

All of these metrics were recorded with NARSIM. With respect to subjective measurements, the
following metrics were used:

Instantaneous Self-Assessment Technique (ISA), to be measured continuously during a
simulation run.

A questionnaire item on the experienced level of workload during the simulation.

Furthermore, participants were asked to assess other aspects of their task such as the level of
control over the traffic and their task as an ATCo.

Objective and subjective measurements of taskload and workload are compared for the baseline
condition and the SlI procedures.

4.2.2.6. Acceptance
Controllers’ acceptance was measured on the basis of controllers’ feedback with respect to the
following issues:

The degree to which the controller was following the proposed NAPs,

The degree to which the controller is willing to accept the changes in the controller task that are
associated with the use of NAPs,

The degree to which the controller would be willing to use the SllI procedures in real operation,
Any problems that were identified during the use of the NAPs,

The perceived benefits of the Sll tools, and

The reported use of the new Sll tools.

The subjective measurements were obtained on the basis of interviews and de-briefings. The data
are not quantitative, but qualitative, and therefore are analysed with the method of content analysis
rather than statistically.
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4.2.3. Combinations of experimental factors

The table below shows the experimental design with the factors “procedures” and “ATC roles”
independently manipulated. In this design, “tools” are not a separate factor, but are confounded with
the experimental procedures: In the baseline condition, there are no tools available (as the provision
of ghosting does not make sense); in the experimental Sourdine Il procedures, the tools are always
provided.

Note that the numbering of the experimental runs in the table does not refer to the presentation order
of runs. Rather, the numbering is only used as an identifier for a specific run.

Table 4-1: Experimental Design with factors “proced ures” and “ATCO role” crossed

Baseline RNAV Procedure Il |Procedure IlI- |Procedure V
ATCo # ATCo role Without bqsellne With tools With tools
tools P With tools
tools
1 FDR/DCO Runl Run2 Run3 Run4 Run5
2 ARR Runl Run2 Run3 Run4 Run5
1 ARR Run6 Run7 Run8 Run9 Runl10
2 FDR/DCO Run6 Run7 Run8 Run9 Runl10

In a single experimental run, two cells of the above experimental plan are realized. The reason is that
two participants were measured at the same time: one acted as the ARR and the other one as the
FDR/DCO. This means that a complete design only requires ten runs.
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4.3. Experimental Environment

4.3.1. Simulated Airspace

The airspace simulated in the experiment is Schiphol Terminal Manoeuvring Area (TMA). Note that
because there was only one Arrival Controller and one FDR/DCO, the simulation was restricted to
only half of the TMA (i.e., TMA West).

In addition, there were feed sectors from which aircraft are entering the TMA and to which they are
handed over. For the simulation, traffic in the Feed sectors was scripted.

4.3.2. Controller Roles in the Experiment

4.3.2.1. General description

The SlI exercises contained two arrival runways, one of which was actively controlled and one that
was used for automatic landing aircraft. This allowed for the investigation of parallel approaches on
the workload of the arrival (ARR) controller, without the use of an arrival controller for the adjacent
runway. In line with current practices by Dutch ATC, each arrival runway required one arrival
controller. During peak hours (which Sll focuses on) each arrival controller is paired with a
feeder/departure (FDR/DCO) controller. The FDR/DCO controller is responsible for the merging of
the two inbound traffic flows, and the arrival controller is responsible for sequencing the aircraft onto
the ILS glide slope, where he/she hands over control to the tower controllers. The feeder controller is
also responsible for the departing traffic.

The arrival and feeder/departure controller both were provided with a large screen (2k x 2k)
Controller Working Position (CWP) providing a radar display as well as a small display providing
additional information concerning meteo, runway usage, etc. Two NARSIM CWP were used for one
controlled runway.

Due to the pseudo-pilot's workload and aircraft frequencies, each arrival and feeder controller was
communicating with one pseudo-pilot.

During the Sl experiment, only the positions of the FDR/DCO and the arrival controller were used.
The inbound traffic stream was defined off-line, prior to the experiments.

4.3.2.2. Feeder/departure controller

Within the Schiphol TMAs and Schiphol CTR, the feeder/departure Controller (FDR/DCO) is
responsible for the guidance of aircraft arriving and departing from Schiphol airport. In addition, the
FDR/DCO is responsible for aircraft crossing the Schiphol TMAs and controlled visual flight rules
(VFR) flights in the Schiphol TMAs.

The FDR/DCO:
Carries out communication with aircraft under his responsibility;
Ensures separation between flights under his responsibility, which concerns
separating inbound traffic from outbound traffic, and
separating different streams of inbound traffic.

The FDR/DCO's task is to deliver traffic in such a way to the ARR that co-ordination between
FDR/FCO and ARR is minimised. This means that the FDR/DCO tries to deliver inbound traffic
conflict-free to the ARR. In case of traffic from only one TMA entry point to a runway, no merging of
traffic streams is required and the traffic delivered to the ARR already constitutes a first inbound
sequence. In case of traffic from different TMA entry points to the same downwind, the FDR/DCO
often already merges traffic streams in order to deliver traffic conflict-free to the Arrival Controller.
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However, at this point it is still possible that traffic from different TMA entry points is vertically
separated. Hand-over of traffic to ARR has to take place before an aircraft starts the CDA procedure
and is usually done near the merging point MICOL.

4.3.2.3. Arrival Controller

The FDR/DCO transfers the inbound aircraft to the arrival controller (ARR) approximately when the
aircraft have turned to downwind and the inbound aircraft have no conflicts with outbound aircraft.
From this point on the ARR’s main task is to guide the arriving aircraft by providing radar vectors to
base-leg and thereafter to intercept the ILS. An important part of the job is to optimise the sequence
of arriving traffic by taking advantage of vectoring and speed control to maximise the runway
capacity. When aircraft are established on the ILS, the aircraft are transferred to the runway controller
(RC).

The ARR:
Carries out communication with flights under his control,
Ensures separation between aircraft under his control
Optimises the approach sequence

Supports aircraft in carrying out a Surveillance Radar Approach (SRA).

For precision approaches (i.e. ILS approaches), the procedures are as follows. If a flight is free of
conflicts, the ARR issues a heading with which the aircraft can intercept the ILS localizer. At the
same time, the approach clearance is given. Intercepting the localizer usually occurs under the
following conditions:

An angle of 30 degrees with the runway centreline;
In case of approaches at 2000ft with a distance of at least 8 NM from the runway threshold;
In case of approaches at 3000 ft with a distance from at least 11 NM from the runway threshold;

Below the ILS glide path (not lower than 2000ft and 3000ft respectively).

Once the pilot has reported to be established on the ILS, the ARR hands over the aircraft to the RC.
Aircraft are handed-over to the RC in the approach order. After handing over a flight to the RC, the
ARR is still responsible for ensuring separation between

aircraft lined-up for one runway, and

aircraft on parallel approaches.

At this point, the ARR can issue speed instructions to the aircraft via the RC. However, speed
instructions can only be issued until the Outer Marker (OM) from which one the pilot will select the
Final Approach Speed (FAS).

4.3.3. Traffic scenarios

For the SII ground experiment, five different traffic scenarios were used. A further traffic scenario was
used for training purposes. In all of these scenarios, 18R and 18C were used for inbound traffic and
24 and 18L were used for outbound traffic.
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The traffic scenarios were based on recordings of real traffic in the Schiphol TMA, and included a
fairly high traffic load (as they will be based on recordings of peak hours). All scenarios to be used in
the SllI simulation incorporated a substantial wind component, in order to increase the level of
difficulty involved in realising the NAP.

The use of RNAV and CDA procedures requires a steady traffic flow to be delivered to the FDR/DCO.
It is anticipated that a more accurate arrival planning will be in use and traffic will be delivered to the
FDR/DCO more accurately. Consequently, the used traffic flow is slightly more orderly then current
day practices.

During the prototyping the traffic flow parameters have been determined, resulting in a realistic traffic
flow. The time-accuracy of the aircraft crossing the IAF was determined at +/- 30 seconds.

Of all aircraft, about 10% entered the TMA at a higher speed or higher altitude.

4.3.4. Assignment of traffic scenarios to experimen  tal conditions

There were 10 experimental runs for every participant (plus additional training runs, if needed). For
these runs, five qualitatively different traffic samples were used. “Qualitatively different” means that
the traffic scenarios differ with respect to more aspects than just the callsign of the aircraft in the
TMA. Given five different traffic scenarios and 10 runs, this means that every controller sees every
scenario twice.

The table below shows how the traffic scenarios can be assigned to the different experimental
conditions and participants. The assignment of scenarios to experimental conditions is completely
balanced which means that every scenario is used equally often with every experimental condition.

Table 4-2: Assignment of traffic scenarios to exper  imental conditions (S1...S5 denote
traffic scenarios)

Baseline Baseline Procedure Il |Procedure II- Procedure V
ATCo Role (without RNAV (with tools)  |A (with (with tools)
tools) (without tools)
tools)
1 FDR/DCO S1 S5 S4 S3 S2
2 ARR
1 ARR S2 S1 S5 S4 S3
2 FDR/DCO

4.3.5. NARSIM Layout

For NARSIM two controller working positions (CWPs) will be used, one for the arrival controller
position and one for the feeder/departure controller (FDR/DCO). Both controllers have a dedicated
R/T connection with one or two pseudo-pilots. The experiment supervisor position is between the
CWPs and the pseudo-pilots.
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Figure 4-1: NARSIM layout during the SlI experiment
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4.4. Operational procedures for the different appro  ach procedures
During all simulations, parallel runways were in use. The traffic from the east (via ARTIP IAF) was
making use of runway 18C and traffic from SUGOL and RIVER were using runway 18R. ARTIP
traffic for runway 18C was scripted, but was making use of the same operational procedures as the
stream for runway 18R.

During all simulations, two controllers were working the west sector of the TMA: a feeder/departure
(FDR/DCO) controller handled traffic from IAF to some point on the downwind leg, where the aircraft
was transferred to the arrival controller. The arrival controller guides the aircraft to the ILS. Once
established, the aircraft was handed over to tower controller.

Area and tower controllers did not participate in the simulation. The inbound and outbound traffic
streams were generated off-line representing a realistic flow of traffic.

Traffic from RIVER entered the TMA at FL80 and traffic from SUGOL entered the TMA at FL70, both
at 250 kts.

The FDR/DCO also handles all departing aircraft following the BERGI and VALKO SIDs. Aircraft are
transferred from TWR to FDR/DCO shortly after take-off. The standard maximum flight level is FL60
to prevent any conflict with inbound traffic entering at FL70. When the aircraft is clear of other traffic,
it will be cleared to climb and is transferred to ACC Executive controller.

Although the ACC controller was not part of the simulation, changes in the operational procedures for
the ACC controller are nevertheless described because they have an effect on the task of the
Approach Controllers.

4.4.1. Reference vectoring Procedure
The current ATC organisation applies arrival procedure | and departure procedure 1 (ICAO-A), which
are the baseline conditions for the present study.

ACC controller

The present working method is to clear aircraft direct to the SPL VOR/DME and to transfer the
aircraft to the FDR/DCO controller for further instructions by means of the instruction “After <IAF>
proceed direct SPL and contact Schiphol-Approach at 121.2”.

Feeder/departure controller

The aircraft is usually transferred from ACC Executive controller to FDR/DCO at or before the 1AFs
RIVER, ARTIP and SUGOL. Minimum flight level is then FL70 and maximum speed 250 KTS IAS.
FDR/DCO uses radar vectors to guide the aircraft to the downwind leg. The FDR/DCO controller is
responsible for merging of the traffic streams from RIVER and SUGOL and vector them onto
downwind, as well as initial descending to about 4000ft. After the merging and resolving possible
conflicts with departing traffic the aircraft will be transferred to the arrival controller.

Arrival controller

The arrival controller vectors the aircraft to the interception of the ILS and issues altitude instructions
leading to the interception of the ILS at 2000 ft. The arrival controller also has to ensure safe
operation of the parallel runway usage by ensuring interception of the ILS for runway 18C at 3000ft
and interception of the ILS for runway 18R at 2000ft.

On final, the aircraft will be transferred to the TWR controller. The Approach Planner (APLN) function
is often combined with the Approach Supervisor position. The APLN decides among others on the
active runway combination and the landing interval (LIV).
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4.4.2. Reference RNAV procedure

The reference RNAV procedure uses a fixed lateral route from IAF to the ILS. All aircraft will follow
this route, unless instructed otherwise by the controllers. This procedure does not specify vertical and
speed profiles. The controllers are also responsible for descending the aircraft and reducing speed.

ACC controller

During the RNAV procedures, the ACC executive controller provides clearances to the aircraft from
the TMA entry fixes by providing them the RNAV transition route. For instance, for arrivals via RIVER,
instead of issuing a "After RIVER, proceed to SPL", the phraseology changes to "After RIVER,
proceed on RIVER 1B transition to NARSI". This implies a clearance to proceed with an approach
procedure via the RNAV transition route until interception of the ILS. At or before reaching the IAF,
the aircraft is transferred to the frequency of the FDR/DCO controller. The clearance is only a lateral
clearance to follow this RNAV route to the ILS interception. It does not imply any vertical or speed
clearances.

An important pre-requisite for the RNAV procedure is that aircraft arrive more timely at the IAF. This
has to be achieved by the ACC controller.

Feeder/departure controller

The feeder/departure controller (FDR/DCO) receives the inbound aircraft from the ACC controller.
Inbound aircraft have already received a clearance from the ACC executive controller for the
appropriate RNAV route. In case the FDR/DCO wants the aircraft to proceed on the transition, he or
she has to confirm the clearance again (e.g., "proceed on RIVER 1B transition to NARSI").

There is only one RNAV route between MICOL and 18R, which means that traffic from RIVER and
SUGOL IAF must be merged. In order to obtain some flexibility to do so, RNAV shortcuts can be
given. These are direct to NARSI between SUGOL and MICOL or between RIVER and EH605.
Extensions of the RNAV routes are also possible. For example a “maintain heading” for aircraft
coming from RIVER can be issued when the aircraft has not passed EH605 yet. When the aircraft
has passed EH605, the controller can issue a heading instruction to the west of the RNAV route (over
sea). Once the controller estimates that enough separation has been gained he or she can issue a
“direct MICOL?", sending the aircraft back to it's original routing.

The FDR/DCO will also be responsible for the initial descend to about 4000ft.

The arriving traffic is transferred to the ARR controller when the inbound traffic flows are merged and
clear from the departing traffic.

Arrival controller

The Arrival controller receives the inbound traffic from the FDR/DCO between MICOL and NARSI.
Traffic on the transition has to be descended to ILS interception height and reducing speed. Traffic
which was taken off the transition had to be vectored and merged with the traffic stream following the
transition, as well as descended to ILS interception height and reduced.

The arrival controller also had to take traffic for runway 18C into account.
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4.4.3. Concept using CDA with fixed vertical path (| and II-A)
The CDA with fixed vertical path procedure uses a fixed lateral route from IAF to ILS interception. All
aircraft will follow this route, unless instructed otherwise by the controllers.

This procedure also defines a vertical profile. Only when the aircraft is “cleared for approach” by the
controller, it is allowed to start its descend.

ACC controller

The ACC procedures are identical to those for the concept for RNAV procedure, except that the
accuracy of the delivery of traffic to approach controller is more essential as for RNAV procedures, as
the controller shall only use vertical clearances if this is required to maintain separation.

Feeder/departure controller

Lateral Control. The feeder/departure controller (FDR/DCO) receives the inbound aircraft from the
ACC controller. Inbound aircraft have already received a clearance from the ACC executive controller
for the appropriate Sourdine Il approach route (lateral RNAV route). In case the FDR/DCO wants the
aircraft to proceed on the transition, he or she has to confirm the clearance again (e.g., "proceed on
RIVER 1B transition to NARSI").

Similar to the RNAV procedure, the controller will merge the RIVER and SUGOL streams, using
shortcuts, speed and heading instructions.

In order to air the controller in this merging task, the estimation of the separation between aircraft
from SUGOL and RIVER is supported by the usage of ghost plots. Aircraft coming from SUGOL will
be displayed on the RIVER 1B transition with a ghost plot.

Vertical profile and Speed Control. By receiving the clearance for a certain transition, aircraft are not
cleared to start their descend. This requires the explicit clearance “cleared for approach”. This
clearance is usually given by the arrival controller, however if required, this approach clearance can
also be given by the FDR/DCO controller, as long as co-ordinated with the arrival controller.

Altitude instructions should be avoided unless they are needed for safety reasons.

To increase the predictability of the aircraft behaviour, several speed constraints are applied in the
arrival procedure II-A (not in Il). These are 220 KTS at MICOL, 200 KTS at NARSI, 180 KTS at
EH707, and 160 KTS at EH708. Speed control can also be applied in order to ensure separation or
to optimise the sequence.

The arriving traffic is transferred to the ARR controller when the inbound traffic flows are merged and
separated from the departing traffic.

Arrival controller

The Arrival controller receives the inbound traffic from the FDR/DCO between MICOL and NARSI.
Traffic can be given a clearance “cleared for approach”. This allows the aircraft to start its CDA at the
appropriate moment. This requires the controller to give this clearance well before the CDA initiation
point. The aircraft will initiate the CDA somewhere on the leg MICOL-NARSI, dependent on its
altitude. Due to the fixed vertical profile of procedures Il, the controller knows the location of the
aircraft's CDA initiation point. As an aid for the controllers, markers are shown on the radar display
indicating the CDA initiation point for FL70 and FL80. It is assumed the pilot will request for this
clearance if its not given in time. An approach-clearance given too late will result in a expedited
descent to “catch” the CDA path. Clearly this will result in an increase in noise as spoilers and (more)
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flaps will be deployed. If required, this approach clearance can also be given by the FDR/DCO
controller, as long as co-ordinated with the arrival controller.

For aircraft on a Sourdine Il approach, the only means of control for the ARR controller is speed
control. Lateral instructions and altitude instructions should be avoided unless they are needed for
safety reasons.

The arrival controller does not have to take traffic for runway 18C into account.

4.4.4. Concept using CDA with variable vertical pat  h (V)

The most important difference between this concept and the concept using the CDA with a fixed
vertical path is the fact that the CDA initiation point and thereby the flight path angle depends on the
type of aircraft.

ACC controller

The ACC procedures are identical to those for the concept using CDA with fixed vertical path.

Feeder/departure controller

Lateral Control. Lateral control in procedure V with variable vertical path is identical to lateral control
in procedure Il (CDA with fixed vertical path).

Vertical profile and Speed Control.

By receiving the clearance for transition, aircraft are not cleared to start their descend. This requires
the explicit “cleared for approach”. This clearance is usually given by the arrival controller, however if
required, this approach clearance can also be given by the FDR/DCO controller, as long as
coordinated with the arrival controller.

Altitude and speed instructions should be avoided unless they are needed for safety reasons.

In order to prevent aircraft running into each other because of differences in speed reductions
associated with the descent, procedure V will include speed restrictions. These are, in addition to the
250 KTS at the IAF, 220 KTS at MICOL. Aircraft reduce automatically (unless instructed otherwise) in
order to reach intermediate flap (IFS) speed before starting the CDA and at reduce further to final
approach speed (FAS) at 4NM final.

The arriving traffic is transferred to the ARR controller when the inbound traffic flows are merged and
separated from the departing traffic.

Arrival controller

The Arrival controller receives the inbound traffic from the FDR/DCO between MICOL and NARSI.
Traffic can be given a clearance “cleared for approach”. This allows the aircraft to start its CDA at the
appropriate moment. This requires the controller to give this clearance well before the CDA initiation
point. Although the vertical profile is variable, the exact CDA initiation point is variable as well.
Nevertheless this point is located somewhere around NARSI.

It is assumed that the pilot will request for this clearance if its not given in time. An approach-
clearance given too late will result in a expedited descent to “catch” the CDA path. Clearly this will
result in an increase in noise, as spoilers and (more) flaps will be deployed. If required, this approach
clearance can also be given by the FDR/DCO controller, as long as co-ordinated with the arrival
controller.
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For aircraft on a Sourdine Il approach, the only means of control for the ARR controller is speed
control. Lateral instructions and altitude instructions should be avoided unless they are needed for

safety reasons.
The arrival controller does not have to take traffic for runway 18C into account.
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4.5. Conduct of the experiment

4.5.1. Participants

A total of 6 controllers participated in the experiment. Three controllers were retired LVNL controllers,
formerly working at Schiphol. They hold licences for Tower/Approach Control at Schiphol Airport. Two
of the participants were active LFV controllers and one controller was a LVNL trainee.

Of the 6 patrticipants, 4 had been previously involved in other Sourdine Il activities. This included
previous prototyping sessions, expert interviews, or brainstorm sessions on the Sourdine Il
procedures.

4.5.2. Duration of the experiment
The experiment lasted two or three days for each group (dependent on necessity of additional
training). Controllers participated in groups of two.

4.5.3. Pre-experimental information and training

Four out of the six participants in the simulation were previously involved in the usability testing for
the Sl procedures and tools. For this reason, no extensive training was foreseen for them before the
start of the experiment. For the two other participants half a day of additional training was scheduled.

A briefing guide was sent to the experimental participants before the experiment. This briefing guide
covered:

Information on the experiment (research questions, experimental manipulations, number of runs)
Controller roles and tasks in the experiment
A description of the Sl NAPs,

A description of the new controller tools (i.e., ghosting, and monitoring aid).

4.5.4. Time schedule for the simulation

Each simulation run lasted about 60 minutes. The first 15 minutes of a run were used for building up
traffic, and were not measured. Thus, the measured time in each simulation run was 45 minutes.
Simulation runs were followed by a questionnaire, and in case of the second run with an experimental
procedure, by a post-run de-brief. The questionnaire contained questions on the experienced level of
safety, capacity, efficiency, task organisation, workload, and situational awareness. The post-run de-
briefing served to collect the controller’s feedback on the experimental procedure.
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4.6. Results

4.6.1. Airline Costs

For the airline costs the average trajectory length in the TMA and the calculated flight time in the TMA
were compared between the RNAV-baseline (RNAV) and the Sll procedures (ll, lI-A and V), see
figure 4-2 and 4-3.

Since the fixed RNAV routes are located above sea and further away from the airport than the
vectored routes (see also Figure 4-4), the average distance flown for the Sl procedures is longer
when compared to the baseline. It is important to realise that the comparison between the flight
distance and flight time between the vector baseline (I) and the RNAV procedure is fully depending
on the choice of the location of the RNAV routes. For example, if an alternative RNAV route from
River was chosen (see the blue trajectory in figure 4-4) there should have been no difference in flight
distance between the vector and the RNAV route.
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Figure 4-2: Distance flown in the TMA as a function of procedure

[o2]
a

D
o

[$a)
ol

distance [NM]

u
o
L

N
[$)]
L

N
o

RNAV

The average distance flown for the RNAV is 57.9 NM resp., for procedure I, II-A and V this is
respectively 59.6, 60.6 and 59.7 NM. For procedure Il more shortcuts were applied in comparison
with procedure II-A. As a comparison the average distance flown during the vector procedure (1) is
54.3 NM.

As the arrival controller had fewer controlling options during the Sourdine Il procedures than during
baseline and RNAV procedures, path-stretching frequently had to be applied to maintain separation.

Controllers applied speed instructions when separation was getting critical. For procedure II-A and V
controllers were more reactive, awaiting the performance and behaviour of the aircraft. When
separation was getting critical often speed instructions were not sufficient and controllers were falling
back on lateral instructions and deviating from the RNAV routes.
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Figure 4-3: Lateral profiles for vectored and RNAV routes

The average flight time in the TMA (see figure 4-3) for the RNAV procedure 18 min 28 sec (1108 sec)
resp., for procedure Il, lI-A and V this is respectively 18 min 52 sec (1132 sec), 19 min 38 sec (1178
sec) and 20 min 15 sec (1215 sec). During procedure I, the aircraft were keeping high speed and
reduced rather late, still maintaining a fairly high speed during the CDA. In procedure 1I-A, the speed
constraints caused the aircraft to reduce much earlier and also maintain a lower speed during the
CDA then for procedure Il. During procedure V, the aircraft reduce to IFS and maintain this low speed
during descend. Also do the controllers reduce the aircraft, in order to reduce the large differences in
speed between the aircraft just before the DCA initiation point. The average speed during RNAV is
188.1kts and for procedures Il, II-A and V the average speed is 189.5kts, 185.2kts and 176.9kts resp.

Alternative
/| RNAV route

Vectored routes Fixed RNAV routes

Figure 4-4: Flight time in the TMA as a function of procedure
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4.6.2. Safety

In this section, first the measured losses of separation will be presented, along with a lateral overview
of the location of these conflicts.

4.6.2.1. STCAs and losses of separation

This section shows the lateral routes of all tracks as a result of a particular procedure as well as the
position of the potential conflicts. The location of the conflicts gives an idea on the area where the
most problems are to be expected.

Figure 4-5: routes & conflicts (RNAV) Figure 4-6: routes & conflict (RNAV)
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Figure 4-7: routes & conflicts (II) Figure 4-8: rou  tes & conflicts (1I-A)

Figure 4-9: routes & conflict (V)
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Only during procedures Il, lI-A and V STCA warnings were shown to the controller. Warnings were
only shown until an altitude of 5000 ft. This hides the warnings due to parallel runway usage, but also
hides the warnings, which occur during the CDA.

The conflicts resulting from the parallel runway usage have not been taken into account in all figures
presented here.

Figure 4-10 shows the average number of losses of separation per hour is shown.

Average number of seperation losses per hour

avg. number of losses

| RNAV I II-A \

Figure 4-10: Average number of potential conflicts

From the figures (4-5 through 4-9 and 4-10) in this section, following conclusions can be drawn:

For the baseline, some problems with parallel approaches occurred as well as many problems with
the merging of traffic from the two IAFs and some problems between inbound and outbound aircraft.

For the RNAV-baseline also problems with parallel approaches occurred. But also some problems
between inbound and outbound aircraft and with aircraft gaining on each other when established on
the ILS. No problems during the merging of the two traffic streams or during the initial descent to
2000ft.

During procedure Il no problems between inbound and outbound aircraft occurred, but there were
some problems between inbound aircraft. A few problems occurred during the initial part of the CDA
and some on ILS-localizer. Also some problems occurred when controllers had to fall back on
vectoring.

For procedure II-A, some problems between inbound and outbound aircraft occurred and between
the aircraft during CDA.

During procedure V some problems between inbound and outbound aircraft occurred and some
problems with aircraft during their reduction to intermediate flap speed (just before start of CDA).
Significant problems occurred during CDA as well due to aircraft gaining onto each other, when

spacing at the initiation of the CDA proved to be insufficient.
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4.6.2.2. Experienced level of safety during the simulation

One item in the post-run questionnaire concerned the experienced level of safety during the
simulation run. Participants were asked to rate the item “In my opinion, the level of safety was high
throughout the simulation” on a scale from 1 (completely disagree) to 6 (completely agree). Figure 4-
11 shows the mean responses as a function of the procedure and the controller role.

In my opinion, the level of safety was high throughout the
simulation, completely agree (6) ... completely disagree (1)

B ARRIVAL
H FDRDCO

perceived value
w
|

RNAV I I-A \Y
procedure

Figure 4-11: Experienced level of safety as a funct  ion of procedure and controller
role

In the de-briefings, controllers were also asked whether they consider the Sourdine Il procedures as
safe. In general, participants considered the impression that Sourdine Il procedures are safe. This
holds especially for procedure Il. For the procedures II-A, participants saw a potential safety problem
in the higher degree of uncertainty on how the traffic situation will develop. This was due to the effect
that with the speed constraints of procedure II-A controllers were more reactive and had more the
tendency to not intervene in the procedure. For procedure |l the controllers were more pro-active,
issuing RNAV shortcuts and speed instructions if necessary. Therefore procedure Il was rated the
safer and more efficient procedure when compared with procedure 11-A.

In spite of this problem, participants still did not think that procedure II-A is less safe than current
procedures. The reason is that other aspects of the procedure were experienced to have less
potential for safety risks than current procedures. Most importantly, the use of fixed lateral routes was
experienced as safer than radar vectoring. The only procedure that was assessed by the arrival
controller less safe than the baseline procedure was procedure V. Here, participants indicated that
they ‘did not experience the situation as fully under control”, and that the separation on final approach
was in some cases less than 3 NM.

4.6.3. Capacity

In this section, first the measured efficient use of runway capacity will be presented and next the
perceived use of the runway capacity.
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4.6.3.1. Measured efficient use of runway

In this section, the measured use of the runway capacity will be discussed. For each flight on the ILS,
at 1200ft, the distance to the preceding aircraft has been calculated. By comparing the required
separation with the realised separation, a measure for runway efficiency/safety is determined. When
the realised separation is equal to the required separation, the runway capacity is used optimally.
When the realised separation is greater then the required separation, more safety margin is
introduced than required, resulting in a less efficient use of the capacity. On the other hand, if the
realised separation is less then the required separation, the safety margin is compromised. Therefore
these results are also an indication for safety.

The required separation also takes the wake turbulence category of the two aircraft into account.
Figures 4-12 through 4-4-16 show the capacity graphs for all procedures.

Runway capacity/safety (procedure I)
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Figure 4-12: Efficient use of runway, baseline

Runway capacity/safety (procedure RNAV)
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Figure 4-13: efficient use of runway, RNAV-baseline
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Figure 4-14: efficient use of runway, procedure Il
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Figure 4-15: efficient use of runway, procedure [I- A
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Figure 4-16: efficient runway usage, procedure V
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From the figures 4-12 through 4-16, following conclusions can be drawn:
Baseline: Controllers can control aircraft very well, while guarding separation minima. The large
spread means it is difficult to maintain high accuracy.
RNAV: Additional safety margin (about 0.5NM) used to cope with reduced lateral freedom of

the controller. Very narrow band indicates a high controllability of the traffic stream and
therefore an efficient use of capacity.

Procedure II: Large additional safety margin (about 1NM) results from additional separation used to
deal with speed uncertainties. Rather narrow spread of separation distances, meaning
high controllability.

Procedure II-A: Some separation infringements, Rather wide spread of separation distances,
meaning lower controllability as procedure Il, meaning the runway capacity is not
optimally used.

Procedure V: Some separation infringements, of which some serious. Very wide spread of
separation distances, meaning difficult to control. Controller appears not fully able to
make a compact traffic stream, in order to use the runway capacity optimally.

4.6.3.2. Experienced efficient use of runway

Two items in the post-run questionnaire pertained to the subjectively experienced level of capacity
and efficiency during a simulation. These items were:

“I was able to handle the traffic in the simulation efficiently”.
“I was able to use the runway capacity optimally.”

Answers were given on a 6-point rating scale ranging from 1 (completely disagree) to 6 (completely
agree). Figures 4-17 and 4-18 show the results depending on the type of procedure used. Note that
the question on runway capacity was only analysed for the role of the ARR controller, as the item was
not considered relevant for the FDR/DCO.

| was able to handle the traffic in the simulation efficiently
completely agree (6) ... completely disagree (1)

@ ARRIVAL
m FDR/DCO

perceived value
w

| RNAV 1l II-A v
procedure

Figure 4-17: Perceived efficiency as a function of procedure and controller role
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The combination of the fixed RNAV routes and the ghosting tool aided the controllers to build their

| was able to use the runway capacity optimally
completely agree (6) ... completely disagree (1)

perceived value
w

I RNAV It II-A \
procedure

Figure 4-18: Perceived runway capacity as a functio  n of procedure (ARR only)

sequence. During procedure 1l the controllers used speed instructions more pro-active, resulting in an
early stable sequence. The efficiency for procedure II-A and V was rated lower by the arrival
controller due to the unpredictability of the speed profiles between the various aircraft.

The results of the perceived runway capacity are in line with those of the efficiency (figure 4-17). The
unpredictability of the speed profiles between the various aircraft lowered the runway capacity of
procedure II-A and V in comparison with procedure I, where speed instructions were issued more
pro-active by the controllers.

4.6.4. Situational Awareness

In the post-run questionnaire, participants were asked to indicate whether they were ahead of the
traffic situation and able to predict the evolution of traffic. Answers were again given on a 6-point
rating scale ranging from 1 (completely disagree) to 6 (completely agree). Figure 4-19 shows the

| was ahead of the traffic and able to predict the evolution of
the traffic situation,
completely agree (6) ... completely disagree (1)

@ ARRIVAL
m FDR/DCO
Il I-A \%

RNAV

perceived value
© b N W A O O

procedure

Figure 4-19: Situational awareness as a function of procedure and controller role
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mean responses as a function of the procedure and the controller role.

The situation awareness was rated higher for procedure Il in comparison with the baseline by the
FDR/DCO. This was due to the use of fixed RNAV routes (deviations from the route were easily
detected) and the ghosting tool to aid the merging of traffic coming from RIVER and SUGOL.

Participants working as arrival controller stated that, with some of the Sourdine Il procedures, it was
difficult to anticipate how the traffic situation will develop. This problem was most prominent for
procedure V (in which aircraft are on IFS from the start of the CDA), but was also mentioned for
procedure II-A (in which aircraft are on fixed speed constraints). In procedure I, in which speed
constraints are issued by the controllerl, anticipation of the traffic situation was experienced as
easier. Nevertheless, even in procedure Il, controllers reported the problem of aircraft violating
separation criteria, which points to the fact that there were problems with the anticipation of future
aircraft positions as well.

Controllers also indicated that they need to get hands-on experience concerning the “new” speed
profiles and aircraft performance. This hands-on experience can be obtained by introducing these
procedures during the night, when traffic demands are low.

4.6.5. Workload
The workload can be expressed by looking at the R/T load, number of instructions required and by
means of instantaneous self assessment by the controller.

4.6.5.1. R/T communication

During the simulation, it was recorded when the participants on the CWP pressed the push-to-talk
button and when they released it again. Each event of pressing and releasing the push-to-talk button
was counted as an R/T instruction; the time between the two events was interpreted as the R/T
duration. R/T instructions with a duration of less than 500 milliseconds were omitted from the analysis
because they are often only used for confirmation by the pseudo-pilot. Figure 4-20 shows the number
of R/T instructions per hour as a function of the approach procedure and the controller role. Figure 4-
21 shows the total R/T duration as a function of the approach procedure and the controller role.
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Figure 4-20: Amount of R/T calls per hour
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In the graph (figure 4-20) showing the amount of R/T calls per hour it is clear to see that the fixed
RNAYV arrivals and CDA procedures have a huge effect on the R/T load. It lowers the total number of
R/T calls (ARR+FDR/DCO) from 424 calls per hour during the baseline to 348 calls per hour during
RNAYV and 314 calls per hour during procedure I, this means a R/T load reduction of 18% comparing
RNAYV with vectoring and a further 10% for procedure Il. The same effect is shown by figure 4-21,
indicating the percentage of time spent on R/T.
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Figure 4-21: Percentage of time spent on R/T
4.6.5.2. Number of instructions

In this section, the average number of instructions per hour as have been given to the pseudo-pilots
by the controller is shown.

Number of instructions (procedure 1) Number of instructions (procedure RNAV)
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Figure 4-22: Number of instructions, | Figure 4-23: Number of instructions, RNAV

1 Since no speed constraints are applied in procedure Il, some controllers were issuing speed
instruction themselves. All controllers were instructed to only issue these clearances incase of
possible infringement of separation minima.
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Number of instructions (procedure Il) Number of instructions (procedure 1I-A)
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Figure 4-24: Number of instructions, Il Figure 4-25: Number of instructions, II-A
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Figure 4-26: Number of instructions, V

Comparing the RNAV procedure with baseline shows the expected significant reduction in heading
instructions but an increase in speed and altitude instructions. The RNAV procedure shows a
significant decrease in number of altitude instructions, but some increase in heading and speed
(FDR/DCO) instructions. Comparing procedure Il with RNAV shows a significant decrease in number
of altitude instructions, but some increase in heading and speed (FDR/DCO) instructions.

Comparing procedure II-A with procedure Il shows a further decrease in number of altitude
instructions for FDR/DCO, but an increase for ARRIVAL. Furthermore it shows a significant reduction
of the number of speed instructions as given by arrival and a reduction of heading instructions for
FDR/DCO.

Comparing procedure V with procedure Il shows a further decrease in number of altitude instructions
for both FDR/DCO and ARRIVAL. Furthermore it shows a significant increase of the number of speed
instructions as given by arrival and a reduction for FDR/DCO. The number of heading instructions is
slightly less then during procedure Il for both FDR/DCO and ARRIVAL.
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4.6.5.3. Instantaneous Self-Assessment

Instantaneous Self Assessment (ISA) scores were collected during the simulation at two minutes
intervals. The controller rated his own workload by pressing one out of five buttons that had the
following meaning:

ISA level Workload Spare Capacity
1 Under-utilised Very Much

2 Relaxed Ample

3 Comfortable Some

4 High Very Little

5 Excessive None

From the moment the controllers were triggered to rate their workload, they had 30 seconds to do so.

Below, the distribution of ISA ratings are displayed for the four different procedures and the two
controller roles (see figure 4-27 till figure 4-30).

Workload (vector baseline procedure)
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Figure 4-27: ISA ratings for procedure |
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Figure 4-28: ISA ratings for procedure RNAV

Workload (arrival procedure 1)
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Figure 4-29: ISA ratings for procedure Il
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Workload (arrival procedure 1I-A)
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Figure 4-30: ISA ratings for procedure II-A
Workload (arrival procedure V)
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Figure 4-31: ISA ratings for procedure V

The ISA workload for RNAV compared to vectoring is much more relaxed, hardly high or excessive.
For procedure Il compared to RNAV, the workload shows a significant increase. Procedure II-A
shows a further increase in workload, although a decrease of high/excessive workload is observed.
Procedure V overall shows a rather high workload compared to RNAV.

The ISA rating show that procedure Il is the most easy to deal with, but with moments of
high/excessive workload. Procedure II-A is comfortable, with a few moments of high workload.
Procedure V results in a higher workload compared to all the other procedures.
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4.6.5.4. Post-run workload assessment
In the post-run questionnaire, participants were asked to assess their level of workload during the
previous simulation run. Answers were given on the following scale

1 — very low workload

2 — low workload

3 — workload slightly on the low side
4 — workload slightly on the high side
5 — high workload

6 — very high workload.

The responses to this item are given in Figure 4-32. The highest levels of workload were experienced
for the ARR controller in the baseline condition, and for the FDR/DCO in Procedure II-A. However,
the score obtained for procedure 1I-A (i.e., a rating of 3.25) lies between “slightly low” and “slightly
high” workload and thus corresponds to a neutral assessment.

| experienced my workload during the simulation as:
very low (1) ... very high(6)

@D ARRIVAL
m FDR/DCO

perceived value
w

I RNAV Il II-A \Y
procedure

Figure 4-32 Experienced level of workload as a func  tion of procedure and
controller role

In the de-briefings, controllers reported that there was less R/T load in the Sourdine Il procedures
than in the baseline procedure. R/T is often taken as an indicator of task load (i.e., the objective task
demands), which would indicate that the task demands were less with the Sourdine Il procedure than
the baseline procedure.

However, participants also indicated that there was a shift from active control tasks (such as issuing
instructions) to monitoring tasks. This was especially true for procedures II-A and V, and for the role
of the ARR. These monitoring tasks - although not accompanied by overt behaviour such as R/T —
were often experienced as demanding and stressful. One reason is that if the ARR controller actively
builds the sequence (by turning the aircraft at a specific time on final approach, by issuing a speed
instruction, etc), he or she can predict the resulting position of an aircraft, and only needs to watch
the aircraft as part of the standard monitoring process. With procedures II-A and V, in which the
development of the traffic situation bears more uncertainty, the monitoring process becomes more
intense (i.e., the controller spends more time observing the aircraft.

For the role of the FDR/DCO, participants stated that in all of the three Sourdine Il procedures the
FDR plays a more central role in building of the sequence. The reason is that the instruments for
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building the sequence (i.e. short-cuts and extensions of the lateral route) are available to the
FDR/DCO, but not to the ARR. Thus, there is a shift from ARR tasks to the FDR/DCO. In line with
this, the rated level of workload (measured on the basis of the post-run questionnaire) shows a
numerical decrease for the role of the ARR during all procedures and a nhumerical increase for the
FDR/DCO during procedure 1I-A. However, the Sourdine Il procedures do not just imply a shift in task
components from one controller role to the other. Rather, some task components change. These task
components, for instance, refer to radar vectoring of aircraft or to the issuing of altitude instructions
that is used for building the sequence / merging inbound streams in current procedures.

4.6.5.5. Other changes in the controller’s task

With the Sourdine Il procedures, the controller issues less instructions than in the baseline
procedure. This change in the controller task might not only influence the level of workload, but also
the experienced level of control over the traffic and the organisation of the ATC task. For this reason,
the following items were included in the post-run questionnaire:

“I felt that | was fully in control of the traffic situation”.
“I was able to plan and organise my work as | wanted.”

Answers were given on a 6-point rating scale ranging from 1 (completely disagree) to 6 (completely
agree). Figures 4-33 and 4-34 show the results depending on the type of procedure and controller
role.

| felt I was fully in control of the traffic situation
completely agree (6) ... completely disagree (1)

OARRIVAL
W FDR/DCO

perceived value
w

I RNAV I I-A %
procedure

Figure 4-33: Experienced level of control over the traffic as a function of
procedure and controller role
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In general there is a slight increase in situational awareness during the Sll procedures, except with
procedure V. During this procedure the ARR controller had severe difficulty in anticipating the
different IFS values and aircraft were closing up on each other.

| was able to plan and organise my work as | wanted
completely agree (6) ... completely disagree (1)
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Figure 4-34: Experienced level of being able to pla  n and organise the work as a
function of procedure and controller role

The results of the experienced level of being able to plan and organise the work show the same
results as those of the experienced level of control over the traffic.
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4.6.6. Acceptance

Data related to the controllers’ acceptance of the Sourdine Il procedures were collected on the basis
of post-run debriefs (that were held after the second run with a certain experimental procedure) and a
general de-brief at the end of the experiment. The questions that were asked during these de-briefs
can be found in Annex B. Note that the questions were used as guidelines for the interview, and not
in all cases explicitly asked. This was, for instance, the case when controllers had already addressed
the topic on their own initiative.

4.6.6.1. General comments on the Sourdine Il procedures

In this section, all issues are reported that refer in the same way to all of the three approach
procedures (i.e., Procedure Il, lI-A, and V). The issues refer to the lateral position of the routes, the
altitude at TMA entry, the flexibility of Sourdine Il procedures, the phraseology, and changes in the
controller’s tasks. Furthermore, requirements for using the Sourdine Il procedures in real operation
were formulated.

Position of the lateral routes.  In general, controllers did not see any problems with the proposed
lateral routes. One minor comment concerned the turn at MICOL, which was experienced as too
sharp. However, participants emphasised that they need to see the routes in practice before they can
ultimately assess them.

In the simulation, there were only transitions from RIVER and SUGOL to one runway, that is, 18R. If
the Sourdine Il procedures were to be used in real operations, there needs to be an RNAV route from
ARTIP as well. Furthermore, transitions from one TMA entry point to different runways would be
needed. In case of several transitions from one TMA entry point, there might be a potential for
misunderstandings between the pilots and ATC. It was suggested to design RNAV routes in such a
way that routes to different runways diverge shortly after the TMA entry point.

Altitude at TMA entry point (vertical routes). With respect to the vertical routes, it was suggested
to let inbounds enter the TMA at a much higher flight levels dependent on distance to threshold (e.g.
FL 120). In this way, the inbound stream could be easily separated from the outbound stream:
inbounds could be kept at FL120 and outbounds could be kept at FL110 until the traffic is free from
each other (i.e., after the crossing point).

Flexibility in the procedures.  Participants were asked whether the proposed Sourdine Il procedures
provided them with enough flexibility. In the Sourdine Il procedures, a certain degree of flexibility is
provided by short-cuts and extensions of the RNAV route that can be used by the FDR/DCO.
Participants reported to have used the SUGOL short-cut frequently. The RIVER short-cut, in contrast,
was hardly used. When asked whether this flexibility was sufficient, participants indicated that they
interpreted the proposed procedures as standard procedures from which they can deviate if
considered necessary. Thus, they can always decide to vector aircraft from the RNAV route, issue a
vertical instruction or a speed instruction. Given such an interpretation of the Sourdine Il procedures,
participants did not consider flexibility a problem. However, participants also reported that deviating
from the standard procedure had an impact on more than a single aircraft: if the controller decides to
overrule the fixed speed constraints on procedure |I-A by issuing a speed instruction, he needs to
take subsequent aircraft on a specific speed as well.

Phraseology. One aspect of the procedure that was subject to criticism concerned the proposed

R/T. In current procedures, a single aircraft usually receives a large number of instructions (e.g.,
turning aircraft downwind, on the base leg and on final approach, issue instructions to descend). In
contrast, instructions in the Sourdine Il procedures are much more infrequent. In the proposed
version, they imply a combination of instructions (lateral, vertical, and in some cases speed), and are
valid for a much longer time period and part of the aircraft route (from TMA entry to ILS intercept). For
this reason, it is extremely important to have a clear understanding between ATC and the flight crew
about the nature of the clearance.

The phraseology for Sourdine Il procedures as proposed in the briefing guide was not experienced
as clear and unambiguous. Rather, controllers felt that it leaves room for interpretation. In particular,
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the proposed clearance for a transition, which is first issued by the ACC controller and is then
repeated by the FDR/DCO, was criticised. The participants pointed out that a clearance for a
transition is usually only a lateral clearance [see AIP]. However, in the proposed phraseology, the
transition clearance is supposed to be a lateral and vertical instruction at the same time (and in some
cases even a speed instruction). According to the controllers, this use of the transition clearance is
prone to leading misunderstandings between ATC and the flight crew. It was suggested to retain the
transition clearance as a lateral clearance and have a separate vertical clearance. This vertical
clearance could be “cleared for approach” and should be issued by the ARR controller after hand-
over of traffic from the FDR/DCO to ARR. In the simulation, participants already used this modified
RIT.

A further issue related to the phraseology for the Sourdine Il procedures concerns the short-cuts and
extensions. According to the participants, it should be made clear to the pilot that he or she is only
taken temporarily off the RNAV transition and is not on radar vectors to the ILS intercept. For this
reason, it was suggested to use phraseology like “stand-by for resume to transition” after issuing the
short-cut or the extension.

Finally, it was discussed whether speed constraints (such as in procedures II-A) need to be issued by
ATC or whether they should be defined as part of the transition (and, thus, do not have to be issued).
If the controller does not issue the speed restriction by R/T and, hence, does not make an input in the
aircraft label, then the speed restriction will not be shown in the label. Rather, the label would show
the speed at the TMA entry point (which is 250 knots). This could yield an incorrect representation on
the speed the aircraft is required to fly. For this reason, it might be beneficial to have the controller
issue all fixed speed restrictions and enter them in the label.

Changes in the controllers’ tasks.  One difference in the controllers’ task when working with the
Sourdine Il procedures concerns the sequencing of inbound traffic. In current procedures, that is, the
baseline procedure, the ARR possesses the means for building an optimal sequence: The ARR
controller can determine the spacing of aircraft on final approach on the basis of the timing of the
instruction to turn on the base leg and on final approach. Also, the ARR controller can manipulate the
sequence by letting the aircraft intercept the ILS from the other side. These tools are not available in
the Sourdine Il procedures, at least if the standard procedures are followed. In the Sourdine Il
procedures, the tools for building a sequence are the short-cuts and the extensions, which are
available to the FDR/DCO. Although the FDR/DCO already supports the ARR in building the
sequence in current procedures, there is still a shift of sequencing work from the ARR to the
FDR/DCO in the Sourdine Il procedures.

In general the Sourdine Il procedures resulted in a shift of workload of the controller from tactically
controlling to monitoring. It can not be concluded that with this shift the workload is less, as the
controller must always be able to intervene in the traffic situation in case of potential conflicts.

During the SlI procedures, the controllers felt less confident about the speedprofiles of the traffic. It
was felt that this lack of controllability would require additional spacing and therefore cost capacity.

At initial call, the controller informs the pilot about runway in use, localizer frequency, parallel
runways, etc. This information takes a significant amount of time, and could be send to the pilot via
D-ATIS or Controller Pilot Data Link Communication (CPDLC).

Requirements for using Sourdine |l Procedures inre  al operation. Participants were asked
whether the Sourdine Il Procedures could be used in real operations. According to the participants, a
number of requirements would have to be met in order to use the procedures in real operations. The
following requirements were mentioned:
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All aircraft need to be RNAV equipped?2
Pilots need to strictly follow the procedure

ATCos need to accept the procedure: they need to understand why it is important to apply the
procedure (e.g., because it yields a substantial reduction in noise, enhanced safety, fuel efficient,
pilot friendly through better situational awareness

Very good planning of flights: Aircraft need to enter the TMA at a specific time and altitude.

For procedure Il, these were the only requirements mentioned. For procedures II-A and V, a further
requirement formulated by the participants was to have a lower traffic load than the one realised in
the simulation (see below).

Parallel approaches. With the proposed Sourdine Il procedures, there is currently no separation
between the inbounds stream to the parallel runways 18R and 18C. Participants were asked whether
they have any suggestions on how to solve the separation problem for parallel approaches.
Participants suggested to start the CDA earlier and have the aircraft flying level when intercepting the
ILS.

4.6.6.2. Specific assessment of Procedure I

According to the participants, procedure |l is generally workable. However, there was a problem
experienced in the simulation with aircraft closing into each other on final approach. Most of the
controllers think that procedure Il could be used in real operation, given some requirements are met
(see above). Most importantly, there needs to be a precise planning of inbound traffic entering the
TMA. No further comments were made that specifically referred to procedure I, but not to the other
procedures.

4.6.6.3. Specific assessment of Procedure 1I-A

Procedure 11-A was also experienced as workable by the participants, but the main problem with the
procedure was that the ARR controller did not feel fully in control of aircraft on final approach. Aircraft
were running into each other on final approach. This problem was also mentioned for procedure II,
but it was experienced as stronger for procedure 1l-A. Because of aircraft getting close on final
approach, the ARR controller frequently needed to intervene (i.e., issue speed instructions).

For changes in the controller’s tasks, the general comments as described above apply. That is, the
FDR/DCO was reported to have a stronger role in building the inbound sequence. This does not only
refer to merging of traffic streams but also to providing an adequate spacing so that aircraft will still
be separated on final approach. “As the FDR, you have to monitor whether there are heavies in the
inbound sequence. If so, the FDR already has to leave large gaps for these aircraft”.

In contrast to procedure I, there are fixed speed constraints in procedure II-A. As a consequence, the
ARR controller developed a rather “reactive” style of control: He kept on monitoring the situation in
order to find out whether the separation on final approach would be sufficient. This style of working
was experienced as more stressful and less certain than a working method according to which speed
instructions are actively issued to the aircraft. If, like in current procedures, aircraft are controlled
actively, then the controller can be quite sure that the instruction yielded the desired event. In
procedure II-A, in contrast, the ARR controller did not feel able to clearly anticipate on the
development of the traffic situation on final approach and only reacted once it became evident that
aircraft would get too close to each other.

2 This requirement was withdrawn later. Here, controllers stated that non RNAV equipped aircraft can
be handled without any major problems by vectoring along the CDA (lateral, vertical and speed
profile).
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With respect to the task distribution between ARR and FDR/DCO, it was stated that procedure 1I-A
seems to make the task of the ARR superfluous. If there is sufficient separation when aircraft are
downwind (approx. 7 — 8 NM) and aircraft are following the speed constraints, then aircraft should be
separated on final approach. However, in case of non-nominal situations, such as a go-arounds, it
would be difficult for the FDR/DCO to handle the traffic without the support of an ARR.

4.6.6.4. Specific assessment of procedure V

Participants did not have the impression that procedure V was workable. The main problem
experienced were aircraft closing into each other on final approach, due to differences in intermediate
flap speed (IFS) between aircraft types. As a consequence, separation on final approach was not
always maintained. It was stated that in order to have separation of 3 NM on final approach, at least 7
NM are needed when aircraft are downwind. Even then, certain types of aircraft (e.g. a Boeing 737
and a Fokker 70) would run into each other because of high differences in the IFS speed resulting in
differences in ground speed. Note that in procedure V, aircraft are on IFS from the start of the CDA,
which differs between aircraft types.

The traffic load used in the simulation was experienced as too high to be handled with procedure V.
Participants estimated the maximum traffic load that can be handled with this procedure around 30
aircraft an hour (in contrast to 37 aircraft per hour that were realised in the baseline simulation). Only
if separation on final approach was reduced to 2.5 NM and/or a “land after” 4 procedure was
implemented, then it was possible to handle a higher traffic load with procedure V.

Participants described their problem with procedure V as follows: “There is no feeling of certainty or
safety: you keep on monitoring because it is difficult to anticipate what is going to happen. Based on
your feeling, you would reduce the aircraft. But if you start with one aircraft, you need to reduce all
the others as well, and this is counterproductive”. Like with procedure II-A, the ARR controller
developed a reactive style of control: The ARR controller kept on monitoring the situation, instead of
acting early on an aircraft. “If you decide to act on the situation, then it is already too late, and your
means of sorting out are very restricted”. Participants on the ARR position did not have the
impression that the traffic was “theirs”, as they were not actively controlling it.

Note that the problem of being able to predict the reactive control style was also reported for
procedure II-A. However, with procedure V the problem of not being able to anticipate how the
sequence on final approach will turn out, was even more pronounced.

The change from active control to predominantly monitoring on the ARR position was not necessarily
experienced as lowering the workload. Because of the felt uncertainty on what the position of an
aircraft relative to another aircraft on final approach will be, close observation was needed.
Furthermore, participants reported that “instead of speed instructions, you ask the pilots what their
speed is”. This was adding to R/T load although the number of R/T instructions was still low. Note
that this feeling of uncertainty, caused by the lack of predictability of an aircraft position, was stronger
for procedure V than for procedure Il-A. This is due to the fact that the aircraft’s vertical profile and
speed depend to a larger extent on the aircraft type.

Procedure V was experienced as too drastic a change from current working procedure: “this
procedure is really taking it to the extremes”. Nevertheless it was also stated that some of the
uncertainty might decrease with practice: “ the different speeds are a question of getting used to:
after a while you know how fast aircraft are flying.”

3 Note that there was a go-around in one of the simulation runs with procedure II-A. The controllers
had problems getting the aircraft back into the sequence, but eventually succeeded.

4 A land-after clearance entitles the pilot to land after another aircraft if — according to the pilot's
judgement - the runway is vacated or will be vacated in time.
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4.6.6.5. Sourdine |l tools

Ghosting. Ghosting was experienced as very helpful. It facilitates the merging of inbound streams
from RIVER and SUGOL, which is done by the FDR/DCO. Participants considered whether it would
be advantageous to display the ghost plot on the basis of time rather than distance (as it is currently
done). If ghosting was based on time, the information could also be provided to ACC.

Monitoring Aids. Participants appreciated the general idea of providing monitoring aids to the
controller. Nevertheless, they were not fully satisfied with the chosen implementation. First, it was
noted that FL deviations were only detected in case the aircraft descended without being cleared for
the CDA (i.e., the CDA was not entered in the label). In contrast, there was no FL deviation, if the
aircraft was cleared for a CDA, but did not initiate it in time. Secondly, it was maintained that if the
ARR and FDR/DCQ's tasks primarily consist in monitoring, then there be a broader set of monitoring
alerts. For instance, controllers could be warned in case of insufficient separation between a heavy
and the subsequent aircraft.
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4.7. Discussion and conclusions
In Section 4.1.2, seven objectives were described on which the real-time simulation for the ATC side
was focused. In the current section, these objectives will be evaluated and illustrated.

4.7.1. Objective 1: Evaluate the acceptance of the  NAPs.
According to the controllers the procedure Il could be used in real operation, given that the following
requirements are met:

Pilots need to strictly follow the procedure

ATCos need to accept the procedure: they need to understand why it is important to apply the
procedure (because it yields a substantial reduction in noise)

Very good planning of flights: Aircraft need to enter the TMA at a specific time, speed and
altitude.

Controllers should be able to overrule the speed constraints in the procedure. This of course
should still be within the performance envelope of the aircraft flying a continuous descent
procedure.

The controllers experienced procedure V as a too drastic change from current working procedure:

"this procedure is really taking it to the extremes". Nevertheless it was also stated that some of the
felt uncertainty involved in the procedure might decrease with practice: " the different speeds are a
question of getting used to: after a while you know how fast aircraft are flying."

As mentioned in the results the developed controller tools (ghosting and monitoring functionality)
were well appreciated. Though the functionality of the monitoring tools should be further extended to
optimally support the users in their tasks.

4.7.2. Objective 2: Evaluate the usability of the ¢ ontroller tools (i.e., ghosting
and monitoring aid).

Ghosting was experienced as very helpful. It is easy to understand and to work with. It facilitates the

merging of inbound streams from RIVER and SUGOL, which is done by the FDR/DCO. Participants

considered whether it would be advantageous to display the ghost plot on the basis of time rather

than distance (as it is currently done). If ghosting was based on time, the information could also be

provided to ACC.

Participants appreciated the general idea of providing monitoring aids to the controller. They also
indicated that there could there be a broader set of monitoring alerts. For example an if the aircraft is
cleared for a CDA, but does not initiate it in time. Monitoring aids could be also extended with for
example warnings when a loss of the wake vortex separation minima occurs. Instead of triggering the
trajectory predictor to perform a recalculation the longitudinal deviation warning could also be
displaced to the controller in an entry sequence list (for FIR or TMA entries) or arrival manager
display.

4.7.3. Objective 3: Evaluate the impact of the NAPs  on airline costs.

The airline costs only take into account the flight distance and time in the TMA and not the fuel flow.
The flight distance is off course largely dependent on the design of the RNAV trajectories. With the
current implementation the distance is increased with approximately 7% for aircraft flying RNAV
routes and 10% for aircraft flying RNAV routes and Sourdine Il proposed vertical profiles. During the
Sourdine Il procedures, the aircraft will stay at a high altitude longer compared with the RNAV
procedures. Combined with a CDA procedure, a reduction in fuel consumption is expected.
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4.7.4. Objective 4. Evaluate whether the proposed N  APs and controller tools
change the level of safety as compared with current procedures and

tools.
In general, participants considered the impression that Sourdine Il procedures are safe. This holds
especially for procedure Il and II-A. Most importantly, the use of fixed lateral routes was experienced
as safer than radar vectoring. The only procedure that was assessed less safe than the baseline
procedure was procedure V. Here, participants indicated that they ‘did not experience the situation as
fully under control", and that the separation on final approach was in some cases less than 3 NM.

4.7.5. Objective 5: Evaluate whether the proposed N APs and controller tools

affect the capacity as compared with current proced ures and tools
For the capacity figures it is difficult to use the measured values because of the various scenarios
and the limited amount of trials. For a more detailed overview of the impact on capacity it is
recommended to use the fast time simulation data gathered during WP4 of this project.

The results from the experiment show that the usage of the speed constraints for procedure II-A
results in a graph of the "excess separation distance" (‘actual separation — required separation’) that
is almost equal to that of the RNAV procedure. Procedure Il shows a small increase of the excess
separation distance and procedure V shows a larger variation of the excess separation distance
compared to the other procedures.

4.7.6. Objective 6: Evaluate the impact of the prop  osed NAPs and controller
tools on workload.
As mentioned earlier the task changes are major when changing from vectoring to RNAV routes and
from RNAV routes only to the Sourdine Il procedures using RNAV routes. During RNAV routes the
controller is already more in a passive monitoring role instead of the active controlling role when
issues vectors. Also the building of the sequence should be done in an earlier stadium and therefore
there is a shift of taskload from the ARR to the FDR/DCO. These two described effects are
empowered when the procedure also consists of a fixed vertical profile.

4.7.7. Objective 7: Evaluate the impact of the NAPs  and controller tools on

situational awareness.
The situation awareness of the controller increases with the use of the fixed RNAV trajectories. At
any moment the route and intent of the aircraft is clear to the controller. The use of the ghosting tool
for the merging of traffic streams also assists in the increased situation awareness of the controller.
The use of speed constraints lowered the situation awareness since controllers were more reactive
and did not always know what the speed profile of the aircraft would look like. This was also the case
for procedure V, for this procedure the arrival controllers rated their situation awareness as very low.
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5. General Results and Conclusions

This chapter provides an overview of the general results and conclusions of the real time simulations.
The structure of this chapter is based on the various procedures, while chapter 3 and 4 contain
results of the flight and ATC simulations based on the validation objectives. This chapter provides the
results and conclusions for all procedures, also the ones only assessed during the prototyping
activities. See for the detailed procedure description Sll document “D3-1-2 Updated Definition of New
Noise Abatement Procedures” [D3-1-2]. The prototyping results for the ATC simulator can be found in
[D6-1] and the results of the prototyping for the flight simulator in [D6-2].

5.1. Arrival procedure |

This procedure is the baseline arrival procedure. For the flight simulations there was actually one
baseline procedure, but for the ATC simulations the baseline procedure was represented by the
current practise (vector baseline using heading instructions) as well as RNAV procedures (RNAV
baseline using fixed RNAV lateral profiles). For both procedures (vector and RNAYV baseline) the
vertical and speed profiles of the aircraft were instructed by the controllers.

5.2. Arrival procedure Il

Procedure 1l is rather robust for unexpected tailwind and is perceived as more fuel-efficient and noise
friendly than procedure | and V. This is the perception of the pilots and needs verification with the
noise and emission calculations as performed in WP4 of the Sourdine Il project. Controllers indicated
that procedure 1l together with the RNAV procedures leads to a very high situational awareness.
Controllers prefer to actively give some (limited) speed instructions to maintain separation. The task
changes are the shift from controlling to more monitoring and the fact that the FDR/DCO should
perform most of the sequencing tasks instead of the arrival controller. Controllers stated that this
procedure could be used in real operation with an expected capacity of 30-32 arrivals per runway per
hour, compared with today’s peak-hour capacity of 33-36. This number could be increased once
controllers get more hands-on experience concerning the "new" speed profiles and aircraft
performance. The described procedure will not lead to a loss of capacity compared to the baseline
procedure once the demand (during off-peak periods) does not exceed the number of 30-32 arrivals
per runway per hour.

5.3. Arrival procedure II-A

Procedure II-A has the same vertical profile as procedure Il but now also includes some speed
constraints. These speed constraints result in a more stable approach for the pilot. The FMS
calculations result in more time between the various configuration changes and therefore a more
flyable procedure. Due to the speed constraints the controllers were getting more re-active and
therefore felt less comfortable when compared with the situation of procedure Il. When aircraft were
running into each other controllers were relying sometimes on the speed constraints to solve this.
Controllers therefore indicated that they should at least be able to overrule the speed constraints in
the procedure. This is identical to the current implementation of procedure II-A. The speed
constraints for procedure lI-A result in a graph of the 'actual separation - required separation’,
indicating the excess separation distance that is almost equal to that of the RNAV procedure and
slightly better when compared to procedure Il. Pilots appreciated the use of speed constraints
because the deceleration was spread over a longer time leading to a more predictable flight. In
addition the localizer intercept became more stable since the speed on localizer intercept was lower
when applying speed constraints compared to procedure Il without speed constraints.
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5.4. Arrival procedure Il

This procedure is only evaluated by pilot and controller comments and not in simulations. Pilots are
reluctant towards this procedure because of the increased glideslope angle a four degrees instead of
three degrees. They expect energy management problems after G/S intercept.

Although this procedure might be acceptable after extensive training, the vertical speed on the ILS
will be higher, which can result in:

difficulties with (unexpected) tailwind,

possible higher minimum descent altitudes (MDA),

more difficult to decelerate the aircraft (early configuration and/or gear deployment needed, etc.),
more noise because of extra drag due to early configuration,

different flare manoeuvre than for 3 degree path (requires additional training),

higher rate of descent can trigger (E)GPWS ((Enhanced) Ground Proximity Warning System).

5.5. Arrival procedure IV

This procedure was only evaluated during prototyping runs in APERO and NARSIM. Due to the
negative feedback of both pilots and controllers this procedure was not selected for the final real time
simulation trials. For the completeness of this overview the main results of the prototyping sessions
[D6-1 and D6-2] are stated below. Procedure IV is defined as a variable vertical profile where the
aircraft is flying from 7000ft with full landing configuration and idle thrust. Pilots indicated that there is
no control available for the crew, because engines are on idle, configuration changes have been
made and speedbrakes are inhibited in many aircraft once landing configuration has been set. After
GI/S intercept, high trust is needed to maintain 3 degree path due to the configuration setting. Also
aircraft are not designed to fly in landing configuration for long time (structural fatigue, higher
maintenance costs) and the autopilot is not certified for these conditions. Another technical issue is
that the ground proximity warning system (GPWS) might be triggered because of the steep descent
(could be over five degrees before GS intercept)

5.6. Arrival procedure V

Procedure V is defined as a variable vertical profile where the aircraft is flying from 7000ft with
intermediate configuration and idle thrust. Pilots mentioned that this procedure is more sensitive to
unexpected tailwind in comparison with procedure Il. There is a lack of control options, especially
with this unexpected tail wind (increased risk of being too high and/or too fast). Due to the
combination of the configuration and the idle thrust there is little margin available for speed reduction.
Controllers stated that there is more uncertainty about the intentions of the aircraft (speed and
vertical). They experienced procedure V as a too drastic change from current working procedure.

5.7. Departure procedure 1
This procedure is the baseline departure procedure and represents the current practise ICAO-A
departure procedure.
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5.8. Departure procedure 2

The general opinion concerning departure procedure 2 is that the pilots did not appreciated the early
thrust cutback and therefore rated this procedure as less efficient, safe and therefore also less
acceptable when compared to the current ICAO-A procedure. The advantage of the Sourdine
optimised close-in departure procedure is less noise due to a lower thrust setting. However, this
advantage is mainly for the area close to the airport, as there is more noise further from the airport.
Additional disadvantages mentioned by the participants are less terrain clearance (not possible with
limiting obstacles), bad passenger comfort, less economic and relatively low thrust at critical stage of
flight. Some of these disadvantages can be overcome by good training of the aircraft crew. It will take
time to get used to such a departure procedure, it is possible, but not preferred.

5.9. Departure procedure 3

The moment of acceleration and changing from take-off configuration to clean configuration differs
between departure procedure 2 and 3. Both procedures however are characterised by reducing
thrust shortly after take-off leading to a lower climb rate while being close to the ground. All feedback
given by the pilots indicate that reducing thrust while being at low altitude in the climb has a negative
impact on safety perception and noise reduction is questioned. It should be noted that no pilot has
flown procedure 3 and the above made comment is purely subjective based upon pilot feedback on
procedure 2 compared to the baseline procedure 1.

5.10. General conclusions

In general it can be stated that both procedure 1l and II-A are acceptable for pilots and controllers.
When implementing procedure Il a solution should be provided to increase the time between the
various configuration changes as calculated by the FMS. If it is decided to implement also speed
constraints (procedure II-A) the monitoring aid should be extended with an alert when the separation
minima are violated and the controller needs to intervene. To get to an implementation of these noise
abatement procedures it is important that the pilots will strictly follow the prescribed procedures.

Controllers also need to get hands-on experience concerning the "new" speed profiles and aircraft
performance. Due to the fixed RNAV routes inside the TMA there are less possibilities to make
changes to the arrival sequence and therefore an arrival manager and an accurate hand-over from
ACC to APP (30-60 seconds accuracy) is required. The current implementation of the RNAV
shortcuts provided sufficient flexibility for the controllers. The combination of parallel runways with
CDA procedures is an identified problem. Possible solutions on this subject that need further
exploration are for example the use of curved approaches based on approach procedure with vertical
guidance (APV procedure) or to have a short level segment for one of the runways.
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Annex A: Questionnaires used in the flight simulati on

Pre-experiment questionnaire
Approach procedure A:

Reference with level deceleration at 3000ft (green  line in Figure )

Figure A-1: Approach procedures

1. What difficulties do you experience for approach procedure A?

Please explain:

2. Approach procedure A is safe

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree

(Please check one box only)

If not agreed or slightly agree, please explain
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Approach procedure B:

Continuous Descent Approach with 2°initial Flight Path Angle (red line in Figure )

Figure A-2: Approach procedures

3. What difficulties do you expect for approach procedure B?

Please explain:

4. The proposed approach procedure B will be safe

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree

(Please check one box only)

If not agreed or slightly agree, please explain:

5. The proposed approach procedure B will be overall acceptable

A system, tool or procedure is acceptable if you would accept it in your real working conditions.

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree

(Please check one box only)

If not agreed or slightly agree, please explain:
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Approach procedure C:

Continuous Descent Approach with constant speed, va riable Flight Path Angle
segment at intermediate configuration (blue line in Figure )

Figure A-3: Approach procedures

6. What difficulties do you expect for approach procedure C?

Please explain:

7. The proposed approach procedure C will be safe

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree

(Please check one box only)

If not agreed or slightly agree, please explain:

8. The proposed approach procedure C will be overall acceptable

A system, tool or procedure is acceptable if you would accept it in your real working conditions.

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree

(Please check one box only)

If not agreed or slightly agree, please explain:
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Departure procedure Y:
Standard noise abatement departure (ICAO-A)
Figure A-4: Departure procedures
9. What difficulties do you experience for departure procedure Y?
Please explain:
10. Departure procedure Y is safe
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree

(Please check one box only)

If not agreed or slightly agree, please explain:
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Departure procedure Z:
Sourdine Il optimised close-in
Figure A-5: Departure procedures

11. What difficulties do you expect for departure procedure Z?

Please explain:

12. The proposed departure procedure Z will be safe

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree

(Please check one box only)

If not agreed or slightly agree, please explain:

13. The proposed departure procedure Z will be overall acceptable

A system, tool or procedure is acceptable if

ou would acceptitin

our real working conditions.

Completely
disagree

Mostly
disagree

Slightly
disagree

Slightly
agree

Mostly
agree

Completely
agree

(Please check one box only)

If not agreed or slightly agree, please explain:
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Biographical data

Demographic questionnaire

Gender:
[ ] Male

Present rank:
[ ] Captain

Address:

Month ............

[ ] Female

[ ] First officer

Year ............
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Please provide a short summary of the types of airaft you have flown commercially.
Start with your current aircraft and work backwards in time giving an approximate
date you started flying, a rough indication of thehours on type, and the cockpit position
you operated in.

Aircraft type and model Date started | Hours flown Rank
route flying | on type
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Below you find a schematic representation of two 180 noise abatement departure
procedures (NADPS). Please give an estimation ofelaverage percentage of departures
you fly according each of the procedures.

Approximate
percentage of
flying ICAO-A
noise abatement
departure
procedure (of all
departures you

perform):

Approximate
percentage of
flying ICAO-B
noise abatement
departure
procedure (of all
departures you

perform):
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Post-run questionnaire

NASA-TLX Rating scale definitions

INSTRUCTIONS:

Please read the descriptions below.

After that, make your selection for the pairwise comparison of factors listed at the bottom of this page.

Scale

Description

Mental demand
(MD)

How much mental activity and perceptual activity was required (e.g., thinking,
deciding, calculating, remembering, searching, etc.)? Was the task easy or
demanding, simple or complex, exacting or forgiving?

Physical demand
(PD)

How much physical activity was required (e.g., pushing, pulling, turning,
controlling, activating, etc.)? Was the task easy or demanding, slow or brisk,
slack or strenuous, restful or laborious?

Temporal demand
(TD)

How much time pressure did you feel due to the rate or pace at which the
tasks or task elements occurred? Was the pace slow and leisurely or rapid
and frantic?

Performance How successful do you think you were in accomplishing the goals of the task

(OP) set by the experimenter (or yourself)? How satisfied were you with your
performance in accomplishing these goals?

Effort How hard did you have to work (mentally and physically) to accomplish you

(EF) level of performance?

Frustration level
(FL)

How insecure, discouraged, irritated, stressed and annoyed versus secure,
gratified, content, relaxed and complacent did you feel during the task?

Pairwise comparison of factors

Select the member of each pair that provided the most significant source or workload variation in the
task(s) you performed (circle the most significant factor).

Physical demand / Mental demand
Temporal demand / Mental demand
Performance / Mental demand
Effort / Mental demand

Frustration level / Mental demand
Temporal demand / Physical demand
Performance / Physical demand

Effort / Physical demand

Frustration level / Physical demand
Performance / Temporal demand
Effort / Temporal demand
Frustration level / Temporal demand
Effort / Performance

Frustration level / Performance

Frustration level / Effort
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NASA TLX RATING SHEET

INSTRUCTIONS:

On each scale, place a mark that represents the magnitude of that factor in the task(s) you just
performed.

nnnnnnnnnn
LOW

HIGH
MENTAL DEMAND
nnnnnnnnnn
LOW HIGH
PHYSICAL DEMAND
nnnnnnnnnn
LOW HIGH
TEMPORAL DEMAND
| I‘\‘\‘\MM‘\‘\‘\‘
EXCELLENT POOR

PERFORMANCE
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nnnnnnnnnn
LOW HIGH
EFFORT
nnnnnnnnnmn
LOW HIGH
FRUSTRATION
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2 Nationaal Lucht- en Ruimtevaartiaboratorium crew [positio] run date
NLR)
C./ National Aerospace Laboratory (NLR)

Rating Scale Mental Effort (RSME)

Please indicate, by placing a mark on the vertical line below, how much effort you had to invest in
order to execute the task (that you have just been working on).

150 —
140 —
130 —
120 —
——————————— Tremendously effortful
110 —
100 f—————————- Very, very effortful
90 —
___________ Very effortful
80 —
70 —————————— Pretty effortful
S Rather effortful
50 —
40 —
——————————— Somewhat effortful
30 —
——————————— A bit effortful
20 —
o T Hardly effortful
0 f—————————- Not at all effortful
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Post-run questionnaire

Listed below are some detailed questions related to the past run.

Please rate them by checking one box only.

1. Inyour opinion, this run wasfficient

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
2. In your opinion, this run wasafe
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
3. Inyour opinion, this run wasoise-friendly
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
4. Your awarenesf the aircraft'senergy statein this run was:
Very low = Rather Rather High Very high
low high

(Please check one box only)

If rather high or lower, please explain:
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5. Your awarenessof therelevant surrounding traffic in this run was:

Very low Low Rather Rather High Very high
low high

(Please check one box only)

If rather high or lower, please explain:

6. Your navigational awarenesge.g. route and altitude profile to be flown) Imstrun was:

Very low Low Rather Rather High Very high
low high

(Please check one box only)

If rather high or lower, please explain:

7. Did you have problems with thApproach/Departure procedurein this run?

YES NO

(Please check one box only)

If yes, please explain:

8. In your opinion, thdlap / gear deployment indications(next to the route on the Navigation
Display) used in this run provided you with helpiftflormation:

Not Completely Mostly Slightly Slightly Mostly Completely
applicable disagree disagree | disagree agree agree agree

(Please check
one box only)

If not agreed or slightly agree, please explain:

9. Did you have problems with tHkap / gear deployment indications(next to the route on the
Navigation Display) in this run?

Not YES NO
applicable

(Please check one box only)

If yes, please explain:
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10. How do you rate the design of tiiap / gear deployment indications(next to the route on

the Navigation Display)?

Not
applicable

Poor

Fair

Good

(Please check one box only)

If fair or poor , please explain:

11. In your opinion, thevertical navigation display used in this run provided you with helpful

information:
Not Completely Mostly Slightly Slightly Mostly Completely
applicable disagree disagree | disagree agree agree agree
(Please check
one box only)
If not agreed or slightly agree, please explain:
12. Did you have problems with theertical navigation display in this run?
Not YES NO
applicable
(Please check one box only)
If yes, please explain:
13. How do you rate the design of thertical navigation display?
Not Poor Fair Good
applicable

(Please check one box only)

If fair or poor , please explain:
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14. Do you think you need additional or improved taoisformation / etc. to perform the
current run (flying the current procedure) in a emsuccessful way?

YES

NO

(Please check one box only)

If yes, please explain:

15. The run you performed was overall acceptable

A system, tool or procedure is acceptable if you would accept it in your real working conditions.

Completely Mostly
disagree disagree

Slightly
disagree

Slightly
agree

Mostly
agree

Completely
agree

(Please check one box only)

If not agreed or slightly agree, please state r&@¥¢more ticks allowed):

Workload
Safety

Flight efficiency (flight time, fuelburn, etc.)

Other:

General comments on the past run:
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Debriefing questionnaire
1. What do you consider to be thdvantagesof approach procedure A?
Please explain:
2. What do you consider to be thessadvantagesof approach procedure A?
Please explain:
3. Inyour opinion, approach procedure A is ovesalie
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
4. Inyour opinion, approach procedure A is oveedfiicient
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
5. In your opinion, approach procedure A is ovenalise friendly
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree

(Please check one box only)

If not agreed or slightly agree, please explain:
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6. In your opinion, approach procedure A is oveaalteptable

A system, tool or procedure is acceptable if you would accept it in your real working conditions.

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
7. What do you consider to be the advantages of approach procedure B?
Please explain:
8. What do you consider to be the disadvantages of approach procedure B?
Please explain:
9. In your opinion, approach procedure B is ovesafe
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
10. In your opinion, approach procedure B is oveeéficient
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
11. In your opinion, approach procedure B is ovenalke friendly
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree

(Please check one box only)

If not agreed or slightly agree, please explain:
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12. In your opinion, approach procedure B is oveaalteptable

A system, tool or procedure is acceptable if you would accept it in your real working conditions.

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
13. What do you consider to be thdvantagesof approach procedure C?
Please explain:
14. What do you consider to be tdsadvantagesof approach procedure C?
Please explain:
15. In your opinion, approach procedure C is ovesafe
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
16. In your opinion, approach procedure C is oves#itient
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
17. In your opinion, approach procedure C is oveanalke friendly
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree

(Please check one box only)

If not agreed or slightly agree, please explain:
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18. In your opinion, approach procedure C is oveaiatieptable

A system, tool or procedure is acceptable if you would accept it in your real working conditions.

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
19. What do you consider to be thdvantagesof departure procedure Y?
Please explain:
20. What do you consider to be thessadvantagesof departure procedure Y?
Please explain:
21. In your opinion, departure procedure Y is ovesalle
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
22. In your opinion, departure procedure Y is oveedffiicient
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
23. In your opinion, departure procedure Y is ovenalise friendly
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree

(Please check one box only)

If not agreed or slightly agree, please explain:
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24. In your opinion, departure procedure Y is oveaalteptable

A system, tool or procedure is acceptable if you would accept it in your real working conditions.

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
25. What do you consider to be thdvantagesof departure procedure Z?
Please explain:
26. What do you consider to be tHessadvantagesof departure procedure Z?
Please explain:
27. In your opinion, departure procedure Aafe
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
28. In your opinion, departure procedure Z is oveeéficient
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree
(Please check one box only)
If not agreed or slightly agree, please explain:
29. In your opinion, departure procedure Z is ovenalke friendly
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree | disagree agree agree agree

(Please check one box only)

If not agreed or slightly agree, please explain:
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30. In your opinion, departure procedure Z is oveaalieptable

A system, tool or procedure is acceptable if you would accept it in your real working conditions.

Completely
disagree

Mostly
disagree

Slightly
disagree

Slightly
agree

Mostly
agree

Completely
agree

(Please check one box only)

If not agreed or slightly agree, please explain:

General questions about Sourdine Il tools

31. In your opinion, makindlap / gear selectiondased on system advisory (the flap / gear
deployment indications) instead of based on cumestating procedures asceptable

A system, tool or procedure is acceptable if you would accept it in your real working conditions.

Completely
disagree

Mostly
disagree

Slightly
disagree

Slightly
agree

Mostly
agree

Completely
agree

(Please check one box only)

If not agreed or slightly agree, please explain:

32. Do you have suggestions for improvement offthp / gear deployment indication®

YES NO
(Please check one box only)
If yes, please explain:
33. Do you have suggestions for improvement ofwbdical navigation display?
YES NO

(Please check one box only)

If yes, please explain:
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34. Do you have any other suggestions for improvemétiteohuman machine interface?

YES NO

(Please check one box only)

If yes, please explain:

35. Do you have any other comments on the experimegeieral?

YES NO

(Please check one box only)

If yes, please explain:
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Annex B: Questionnaires used in the ATC simulation

Biographical Questionnaire

Participant ID: Date:

The questions below serve to give us some backdroiarmation on you. Please note that all
personal information will be treated confidentlydazan not be traced back to any particular person.

Personal information
Age: [ | female [ ] male

Native Language:

Professional training and experience:
Current or Last Employer:

If retired or not active any more, since
when:

Licences/ Ratings:

Professional Experience (in years):

Previous involvement in research:

Have you previously participated in
any Sourdine research activities? If
S0, please specify.
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Post-run questionnaire

Participant:

Procedure

Role:

Date:

Time:

Please assess the statements on the previous simulation run by ticking one of the

boxes.

36. In my opinion, the level of safety was high througbut the simulation.

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree disagree agree agree agree
(Please tick one box only)
If not agreed or slightly agree, please explain:
37. | was able to handle the traffic in the simulationefficiently.
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree disagree agree agree agree
(Please tick one box only)
If not agreed or slightly agree, please explain:
38. | was able to use the runway capacity optimally.
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree disagree agree agree agree

(Please tick one box only)
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If not agreed or slightly agree, please explain:

39. | was ahead of the traffic and able to predict thesvolution of the traffic situation.

Completely Mostly Slightly Slightly Mostly Completely
disagree disagree disagree agree agree agree
(Please tick one box only)
If not agreed or slightly agree, please explain:
40. | felt that | was fully in control of the traffic s ituation.
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree disagree agree agree agree
(Please tick one box only)
If not agreed or slightly agree, please explain:
41. | was able to plan and organise my work as | wanted
Completely Mostly Slightly Slightly Mostly Completely
disagree disagree disagree agree agree agree
(Please tick one box only)
If not agreed or slightly agree, please explain:
42. | experienced my workload during the simulation as:
Very low Low Slightly on Slightly on the High Very high
the low side high side
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(Please tick one box only)

If workload was experienced as high or very high, please explain why:

Post-run de-briefing Procedure I

Interviewer: Interviewee

Date: Time:

Assessment of the Sll Procedure

1. What is your general opinion on approach procedu@DA with standard glide slope)? Is it
workable?

Did you experience any problems when working witbcedure 11?

Could this procedure be used in real operation?/Mdiny not?

Controller Tasks and Team Co-ordination

4. Does your task as FDR/DCO change with this proamihink, for instance, about issuing
instructions, monitoring, conflict detection andusimn, trying to build an optimal sequence.

5. Does your task as ARR change with this procedulefKT for instance, about issuing
instructions, monitoring, conflict detection andusimn, trying to build an optimal sequence.

6. How did you experience the allocation of tasks leetwthe FDR/DCO and the ARR? Were there

any differences in the task distribution in comgpani to current procedures?

The following questions were already covered in thpost-run questionnaire. Consider asking
them in case ratings to these items were low (inditing problems with the procedure).

Safety

7. Do you consider this procedure as safe? (Not takitoggaccount the problem with the lack of
separation with parallel landings)

Efficiency
8. Were you able to handle the traffic efficiently?

9. Were you able to use the runway capacity optimally?

Situation Awareness

10. Did you have a complete overview of the traffic dnel intention of the different aircraft?
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Workload

11. How did you experience your workload in procedur@nl comparison with current procedures)?
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Post-run de-briefing Procedure II-A

Interviewer: Interviewee

Date: Time:

Assessment of the Sll Procedure

1. What is your general opinion on approach procetehe(CDA with standard glide slope and
speed constraints)? Is it workable?

Did you experience any problems when working withcedure 11-A?

How did you experience the speed constraints inquiore II-A? Were they appropriate? Would
you like other (less or additional) speed consts&in

4. Could this procedure be used in real operation?/Winy not?

Controller Tasks and Team Co-ordination

5. Does your task as FDR/DCO change with this proaliihink, for instance, about issuing
instructions, monitoring, conflict detection andusimn, trying to build an optimal sequence.

6. Does your task as ARR change with this proceduhef KT for instance, about issuing
instructions, monitoring, conflict detection andusimn, trying to build an optimal sequence.

7. How did you experience the allocation of tasks leeimvthe FDR/DCO and the ARR? Were there
any differences in the task distribution in compani to current procedures?

The following questions were already covered in thpost-run questionnaire. Consider asking
them in case ratings to these items were low (inditing problems with the procedure).

Safety

8. Do you consider this procedure as safe? (Not takittgaccount the problem with the lack of
separation with parallel landings)

Efficiency
9. Were you able to handle the traffic efficiently?

10. Were you able to use the runway capacity optimally?

Situation Awareness
11. Did you have a complete overview of the traffic dnel intention of the different aircraft?

Workload

12. How did you experience your workload in procedu& (in comparison with current
procedures)?
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Post-run de-briefing Procedure V

Interviewer: Interviewee

Date: Time:

Assessment of the Sll Procedure

1. What is your general opinion on approach proceduf€DA with variable glide slope and speed
constraints)? Is it workable?

2. How did you experience the speed constraints inqutore V? Were they appropriate? Would
you like other (less or additional) speed consts&in

3. Could this procedure be used in real operation?/ Mty not?

Controller Tasks and Team Co-ordination

4. Does your task as FDR/DCO change with this proaiihink, for instance, about issuing
instructions, monitoring, conflict detection andusimn, trying to build an optimal sequence.

5. Does your task as ARR change with this proceduhef KT for instance, about issuing
instructions, monitoring, conflict detection andusimn, trying to build an optimal sequence.

6. How did you experience the allocation of tasks leeimvthe FDR/DCO and the ARR? Were there
any differences in the task distribution in compani to current procedures?

The following questions were already covered in thpost-run questionnaire. Consider asking
them in case ratings to these items were low (inditing problems with the procedure).

Safety

7. Do you consider this procedure as safe? (Not takittggaccount the problem with the lack of
separation with parallel landings)

Efficiency
8. Were you able to handle the traffic efficiently?

9. Were you able to use the runway capacity optimally?

Situation Awareness
10. Did you have a complete overview of the traffic dnel intention of the different aircraft?

Workload
11. How did you experience your workload in procedur@n/comparison with current procedures)?
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General de-briefing

Sl Procedures general

1. What do you think of the lat/lon position of the RM routes?

2. Does the short-cut on the RNAV routes (SUGOL — MIG@ive you enough flexibility to
separate the traffic safely and efficiently?
Is the proposed phraseology sufficient?
As it is now, there is a violation of separatiovizen the inbound streams to parallel runways.
Do you have any idea how this problem could beestiiv

5. Do you foresee other enablers to introduce CDA’a Irigh capacity environment (like, for
instance, ASAS)?

Sll tools

There were two new controller tools in the experitaécondition: ghosting, and Monitoring Aid.

1.
2.

What is your opinion ofihosting? Do you find it useful or not? Can it be improwedny way?

What is your opinion ofmonitoring aid? Do you find it useful or not? Can it be improvedany
way?

Do you miss any tools that would be helpful for GEA

Non-nominal situations

1.

Aircraft that are not RNAV equipped: How could these aircraft be handled within ther8ime
procedures? (E.g. vectoring along the RNAV routes)?

What are the consequences of having different piiges for aircraft for safety, efficiency, and
controller workload?

Aircraft not complying with speed constraintsWhat are the consequences if an aircraft does
not comply with the speed constraints (in termsadéty, efficiency, controller workload)?

How should such aircraft be handled (this probaegends on the reasons why the aircraft is not
complying)?

Aircraft missing the CDA initiation point : What are the consequences if an aircraft migses t
CDA initiation point (in terms of safety, efficiepccontroller workload)?

How should such aircraft be handled (this probaegends on the reasons why the aircraft
missed the initiation point)?

Aircraft overshooting the ILS localizer: How can it be prevented that aircraft overshbetIt.S
localiser? What can be done if it happens?
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