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Abstract:

This report describes a EUROCONTROL real-time simulation study conducted on behalf of the EATMP
AGC Programme.  The study aimed at investigating issues associated with the development of datalink
air/ground functionality, extending the research beyond the initial implementation services.

As part of the DOVE-1 study, new datalink functionality was introduced and integrated with those services
first tested in the LINK2000+ simulation.  Additionally, improvements were made to the controller datalink
interface, which was based on the EATCHIP III model.
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SUMMARY

The DOVE-1 real-time simulation (21st May 2002 – 7th June 2002) was the second of a series of
real-time simulations based on a specially developed ATM simulation platform.

A key component of the new platform was the provision of a simulated datalink environment,
reflecting the ATM2000+ strategy, and closely resembling that proposed for European system
implementation and further development.  The functionality incorporated both datalink services that
had been proposed by the LINK2000+ programme for early implementation within the ECAC area
and other services that are to be implemented in the near future.

The platform also included a “stripless” controller interface.  This interface, developed under the
European Air Traffic Control Harmonisation and Implementation Program (EATCHIP III), supported
computer-based controller tools, such as electronic co-ordination and system safety nets, to
closely represent a typical ATM system of the next decade.

The datalink will provide controllers with a second communication channel to pilots that can be
managed by either the Tactical or Planning Controller.  This facility will enable an evolution of the
controller working method, transferring Tactical Controller workload to the Planning Controller.  It is
expected that reducing the reliance on the radio channel may reduce sector frequency congestion,
increase safety, and ultimately enable higher sector capacity.

The anticipated progressive fitting of datalink capability made it necessary to consider a mixed-
mode traffic environment, with controllers managing varying levels of both traffic and datalink-
equipped aircraft.  In this environment, controllers must differentiate between datalink-equipped
and non-equipped aircraft, as well as selecting the preferred communication medium for those with
datalink capability.  The effects these changes had on sector resource management and controller
situational awareness was evaluated and ways to improve the design within the EATCHIP
interface was researched.

The technology behind electronic data exchange could enable many different types of datalink
service.  Those services selected for the DOVE-1 real-time simulation were expected to be suitable
for medium and long-range implementation.

Three organisations, A, B, and C, were tested.  Organisation A included a flight plan consistency
checking (FLIPCY) service but did not include turbulence reporting.  Organisation B included
neither a FLIPCY service nor turbulence reporting.  Organisation C included both a FLIPCY service
and turbulence reporting.

It was the airspace of the Czech Republic, modified so as to be in accordance with the objectives
of the DOVE-1 real-time simulation that was modelled.

The DOVE-1 real-time simulation appraised the operational impact that the introduction of a
datalink will have on the current ATM system and on the way controllers and pilots co-operate.  A
lot of important information was gained that will lead to improved implementation and a more
efficient, safer, ATM system for tomorrow.
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CONVENTION

In this document, the phrase "datalink-equipped aircraft" describes an aircraft that is fitted with
equipment that supports all of the DOVE-1 datalink services and is fully operational.  The
controllers can communicate with the pilot of a datalink-equipped aircraft via either datalink or R/T.

The phrase "non-equipped aircraft" describes an aircraft that is not equipped with any equipment
that supports any of the DOVE-1 datalink services.  Consequently, the controllers can
communicate with the pilot of a non-equipped aircraft only via R/T.

The term "participant" is used to refer to one of the Italian, Macedonian, or Cypriot controllers
who played the controller roles during the simulation.
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ISA Instantaneous Self Assessment
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LAN Local Area Network
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ROD Rate of Descent
RTA Required Time of Arrival
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SHAPE Solutions for Human-Automation Partnerships in European ATM
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SPD Speed
STCA Short Term Conflict Alert 
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1. INTRODUCTION

In recent years, air traffic has increased to the extent that ATC (Air Traffic Control) systems have
become increasingly overloaded.  Saturation of the voice communication channel is now
recognised as one of the major limitations of a sector's capacity.  There is also recognition for the
need to move progressively away from “conventional” forms of ATM (Air Traffic Management)
towards new forms, which have the potential to provide the needed capacity for the long-term
future, whilst at least maintaining and, preferably, increasing safety.

The provision of an air-ground datalink for communications is seen by many as the main enabling
technology to achieve this.  Coupled with automation, new display, and input functionality, and
associated with adequate procedures, a datalink system may permit the seamless transfer of
information between all parties involved.

Using a datalink as a means of communication between pilot and controller may be a remedy for a
number of the shortcomings of the R/T (Radio-Telephone) voice communication system, such as
congestion of the R/T channel, the possibility of misunderstandings or misinterpretation due to poor
voice quality, and corruption of the signal due to simultaneous transmissions.  Controller/pilot data
communications are expected to be most beneficial for routine operations, when the use of voice
communications is considered inefficient or even unnecessary, resulting in reduced voice channel
use and possibly reducing the number of required voice channels.

A data link will also permit various pilot preferences and aircraft parameters to be downlinked1 from
aircraft.  Details of, for example, a datalink-equipped aircraft's preferred flight level could be
downlinked, as could reported meteorological conditions, such as wind direction and speed,
turbulence, air temperature and pressure, etc.  This information may contribute to an improved
controller awareness of an aircraft's operational preferences and also to better aeronautical
meteorological reports and forecasts, and, ultimately, to better controller and aircrew environmental
awareness.

The implementation of this type of data communications2 may significantly change the way pilots
and controllers communicate.  So, the effect on operations must be carefully studied before
deciding the extent to which voice communications will be replaced or supplemented by datalink
communications.

The DOVE-1 RTS (Datalink Operational Validation Experiment Real-Time Simulation) was the first
of a series of evaluations whose objectives are to enable these operational details to be studied as
an element of the AGC (Air/Ground Co-operative ATS) datalink programme.  The AGC programme
itself is a part of the EATMP (European Air Traffic Management Programme).  The DOVE-1
simulation has provided validation data for specific datalink services and, whilst these services may
be applicable to all types of airspace, this experiment focussed on the en-route phase of flight only.

“Co-operative ATS is an element of Air Traffic Management that enhances the productivity
and safety of Air Traffic Services by optimising the involvement of controllers, aircrew and
airline operators through integrated Data Communications and improved forms of
surveillance and automation”[1].

                                                
1 The act of transmitting data from an aircraft to the ground via the datalink is referred to as downlinking the data.  Similarly, the act of transmitting

data from the ground to an aircraft via the datalink is referred to as uplinking the data.
2 “Data Communications” refers to any exchange of digitised information between end-users (including broadcast from one to all) and is usually

referred to as datalink.  Three types of datalink are currently envisaged: air/ground, ground/ground, and air/air.  All are relevant in the context of
this report, the first being the most significant.
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Although controllers and aircrew are already co-operating, the increased communications capacity
and situational awareness capabilities brought about by the provision of data communications may
enable them to co-operate, to a much higher degree, both with each other and with other
interested parties (such as airline operators, air traffic flow management units, meteorological
offices, etc.).

Two levels of datalink application are described in [1].  Level One proposes ATS applications, or
enhancements, in accordance with existing ICAO rules and procedures in order to permit an
acceptable operational transition.  Level Two seeks an extension of ICAO rules and procedures to
cover advanced applications, including the delegation of separation and autonomous flight.  The
DOVE-1 experiment evaluated the operational impact of specified Level One services only.

This evaluation corresponded to part of the second generation of datalink applications beyond the
current CNS/ATM-1 standard and its application within the European airspace based on the
Operational Requirements for Co-operative Air Traffic Services document [2].
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2. OBJECTIVES

2.1. GENERAL OBJECTIVES

The general objective of the DOVE Project is to validate, specifically for en-route ATC, a significant
part of the second generation of datalink services that are being developed within the AGC
Programme.  Descriptions of these services can be found in [2].
The DOVE-1 RTS was the fourth small-scale real-time datalink simulation conducted at the EEC
(EUROCONTROL Experimental Centre); these simulations followed a fast-time simulation.
Previous real-time trials included the EATCHIP III bis experiment and the LINK2000+ RTS.  The
experimental approach is consistent with following an iterative road map to datalink validation (for
further details see the Design of the Experiment document [3]).

Operations
Operational

trial

Shadow-
d trial

Field test

Large-scale
real-time
simulation

Small-scale
real-time
simulation

Fast-time
simulation

Analytic
modelling

Figure 1:  A road map to validation

Figure 1 shows that there are two paths on the road from initial modelling to full operations.  One
path, the dashed orange line, involves investigations in the real world.  For example, pre-operation
trials have been conducted as part of the PETAL II, EOLIA, and other projects.  The second path,
which is indicated by the blue line, involves investigations by means of simulations.  Initially, fast-
time simulations can be performed to get the first ideas about the use, or otherwise, of a particular
function or technology.  Next, small-scale real-time simulations, with generic airspace, can be
performed.  The Link 2000+RTS and the subject of this document, the DOVE-1 RTS, are examples
of this type of simulation.  Finally, before implementation, large-scale real-time simulations can be
performed.  These are aimed at investigating the impact of the introduction of the new technology
or functionality in specific regions of airspace.
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2.2. EXPERIMENTAL OBJECTIVES

The experimental objectives of the DOVE-1 RTS were:
1. to evaluate operational aspects concerning the use of certain services within the ADAP

(Automated Downlink of Airborne Parameters) domain by:
A) assessing the operational impact of the availability to the controller of the PPD (Pilot

Preferred Downlink) service that provided:

• the preferred flight level;
• the maximum attainable flight level;
• the preferred speed;
• the current configuration minimum / maximum operational speed.

B) assessing the operational impact of the availability to the controller of the CAP
(Controller Access Parameters) service that provided:

• the current heading;
• the current speed;
• the current rate of climb/descent;
• information about areas of turbulence.

C) assessing the operational impact of the use of 2D FLIPCY (Flight Plan Consistency
Check).

2. to evaluate operational aspects concerning the use of certain services within the CPDLC
(Controller-Pilot Datalink Communications) domain by:
A) evaluating the use of datalinked route clearances, in singular message format, within

the implementation of FLIPCY;
B) evaluating the use of ACM - Monitor.

3. to evaluate the HMI (Human Machine Interface) design with particular emphasis on:
A) the radar label interaction;
B) the provision and suitability of information related to the services provided, within the

overall HMI.
4. to identify indications of potential benefits to all users operating in a data link environment;
5. to provide information and feedback to improve the DOVE fast-time simulation model.
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3. SIMULATION CONDUCT

3.1. SYSTEM TRAINING

As the evaluation involved assessing a new ATM system, training of the participants was
considered an important aspect of the preparation of the experiment.  Although six of the seven
participants had experience of a stripless environment, the additional aspects of an advanced
datalink interface meant that effective training was considered essential.  Three of the participants
had previously participated in the LINK2000+ datalink simulation, which was run a few months
earlier, and were considered to be competent with the basic functionality.  Each of these
experienced participants was teamed up with one of the new participants during the training phase.

The training program applied, consisted of four main elements.

1. an initial introduction to the system during the testing period;

2. briefing sessions, where the concept, functionality, and method of operation was explained;

3. training exercises, at reduced traffic levels, followed by de-briefing session.; and

4. a detailed DOVE-1 System Handbook [4], containing detailed schema describing the system
functionality that was provided to the participants before the simulation began.

3.2. AIRSPACE

The airspace simulated for the DOVE-1 RTS was constructed so as to represent the airspace
simulated for the DOVE fast-time simulation.  The simulated airspace was divided into both
"Measured" and "Feed" airspace.  It was the measured airspace that was under investigation
during the simulation.

The measured airspace consisted of two high-level en-route sectors (sectors SE and SW) that
were part of the Sierra Centre and that had boundaries with two other centres, Alpha Centre and
Bravo Centre.  Like Sierra Centre, Alpha Centre was datalink-equipped while Bravo Centre was
not.

The feed sectors provided a realistic interface between the Sierra Centre airspace and the
surrounding airspace.  Four feed sectors were defined, namely AW (Alpha – Whisky) and AS
(Alpha – Sierra) in Alpha Centre, BE (Bravo – Echo) in Bravo Centre, and SL (Sierra – Lower), a
lower-level sector in the Sierra Centre, that managed traffic climbing into, or descending from, the
two measured sectors.

A full description of the sectors implemented for this experiment can be found in the DOVE-1
Facility Specification [5].

3.2.1. Route Structure

The route structure for this simulation was based on the structure utilised for the DOVE fast-time
simulation.  This route structure was, however, subsequently modified to enable suitable scenarios
to be produced for the DOVE-1 RTS.  The actual route structure that was developed is shown in
Figure 2.
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Figure 2:  The DOVE-1 RTS airspace and route chart
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3.2.2. Temporary Segregated Areas

Two TSAs (Temporary Segregated Areas) were defined in the DOVE-1 airspace.  The reason why
they were defined was to limit the options open to the participants when, as controllers, they were
considering how to resolve conflicts.  These areas were permanently active and no APW (Area
Proximity Warning) safety net was implemented for them (due to a technical limitation).

Table 1:  Temporary segregated areas in the DOVE-1 RTS

REFERENCE VERTICAL LIMITS STATUS
TSA1 FL275 - UNL Active for all exercises
TSA2 FL275 - UNL Active for all exercises

3.2.3. Turbulence Areas

Four areas of clear air turbulence were defined.  They were named TA5, TA6, TA7, and TA8.
These areas were activated only for specific exercises in order to evaluate the impact of
downlinking turbulence data from aircraft.  The extent of the areas was not displayed to the
participants nor were they advised of them.  For the purpose of this report, however, they are
shown on the airspace map (see Figure 2).

Table 2:  Areas of turbulence in the DOVE-1 RTS

REFERENCE VERTICAL LIMITS STATUS
TA5 FL310 - 410 Active for specific exercises
TA6 FL310 - 410 Active for specific exercises
TA7 FL310 - 410 Active for specific exercises
TA8 FL310 - 410 Active for specific exercises

3.3. SUMMARY OF THE SIMULATED SYSTEM

3.3.1. Summary of the Simulated ATC Environment

The simulated ATC system, which was based on the EATCHIP III Development Programme and
requirements defined by the AGC Programme, was representative of an advanced ATC system
that did not use paper strips.

It included an advanced ODS (Operator Display System) that made extensive use of colour.  The
sole input device, and, hence, the sole means to access data, was a three-button mouse with
which a controller could interact with the following facilities:



EUROCONTROL DOVE-1 Real-Time Simulation

8 Project AGC-Z-DO - EEC Report No. 383

Table 3:  Overview of the DOVE-1 RTS HMI

HMI Element Description

Screen Configuration
All screen configurations including range, filters, label orientation, selectable
windows, and displayed maps were set via an on-screen panel that could be
reduced to an icon.

Interactive Track Labels

In this ODS, the track label was an integral way for a controller to interact with the
system.  A track label had four main functions:
• to display essential flight plan information;
• to provide a means of interaction, in conjunction with the mouse, for a

controller to input information to the system;
• to display reminder information; and, when applicable;
• to display safety net warnings.

Electronic Civil Co-ordination
A controller could negotiate sector PELs (Planned Entry Levels), sector XFLs (Exit
Flight Levels), as well as direct routes, assigned headings, and assigned speeds
via electronic means.

Electronic List Data Electronic lists displayed sector entry conditions for each flight, and allowed this
information to be verified, modified or electronically co-ordinated.

Quick Information Access
A controller had instantaneous access to certain flight information, such as the DFL
(Dynamic Flight Leg), the ELW (Extended Label Window), and the Filtering
function.

Notebook Functions
In place of noting down information on paper flight progress strips, a controller
could enter assigned headings, speeds, and rates of climb/descent as well as direct
routes directly into the track label for display.

Safety Nets
The system provided STCAs (Short-Term Conflict Alerts) up to two minutes before
the predicted time of occurrence of possible future losses of separation between
aircraft.
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3.3.2. Summary of the Simulated ATC Datalink System

In the DOVE-1 RTS, the following datalink services were provided in line with the AGC
requirements:

Table 4:  DOVE-1 RTS datalink services and functionality

Acronym Meaning Description

DLIC

Datalink Initiation Capability
This service logged the aircraft on to the ATC centre
ground system.  DLIC was performed separately for
the SE and SW sectors (rather than by being done
just once on entry into the centre's airspace and then
being transferred by OLDI messages).  Aircraft from
the BE feed sector performed an early CPDLC log-on
to the Sierra Centre.

ACM

ATC Communication
Management

This service managed the transfer of voice and data
communications between sectors and between
centres.  The unambiguous authority for CPDLC
Communication was shown in the HMI presentation to
each sector.  

The message sequence was as follows:
1. Next Data Authority (NDA);
2. Voice Change Instruction (VCI) and Change

Data Authority (CDA);
3. Monitoring Message to the new sector (when the

new VHF voice frequency is selected).

ACL

ATC Clearances

This service allowed a pilot to make requests (Direct
and Level) and for a controller to send clearances
and instructions to the aircraft (Level / Direct /
Heading).

CAP

Controller Access Parameters This service provided the downlink of certain aircraft
parameters without pilot intervention.  Values for
heading, speed and rate of climb/descent were
displayed in the selected label (for datalink-equipped
aircraft only).
Also, this service allowed for the automatic downlink
of turbulence conditions being encountered by an
aircraft.

AMC

ATC Microphone Check

This service allowed a controller to broadcast to all
datalink-equipped aircraft on frequency when a stuck
microphone was blocking the frequency.
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Acronym Meaning Description

PWP
Manual Pilot Responses

enabled at the Pilot Working
Position

Individual Manual Pilot Responses to ATC clearances
were available.  These were Wilco, Standby and
Unable.  Pseudo-Pilots could also make Direct and
Level requests for individual flights.  A specific
number of messages that were not replied to,
Standby replies and pilot requests were pre-scripted
for each sector in each exercise.

TIMEOUTS Message Time Out Alerts

Both controllers and pilots received alerts when
datalink messages were not delivered or when
recipients (pilots or controllers) failed to respond.
After a recipient had responded with Standby, the
expiry time for a response was extended.

DATA LINK
FAILURE Simulated Lost Messages

In the simulation, not all datalink messages were
delivered.  In order to replicate the loss of some data
link messages in the real-world, 0.5% of all messages
were not delivered. Both controllers and pilots
received an indication if a message was not
successfully delivered.

MESSAGE
DELIVERY Message Delivery Time The one-way message delivery time was set to 6

seconds.

LACKs Logical Acknowledgement
Messages

These messages are similar to the LAMS used in
ground-ground message communications.  For the
simulation, a Lack was automatically sent back to the
originator for every datalink message to indicate that
the message had been received (by the system).  If a
Lack was not received, a warning was displayed.

FLIPCY Flight Plan Consistency Check

This service was designed to detect inconsistencies
between routes contained in the ground systems of
ATC units [FDPS routes] and those present in the
aircraft [FMS routes].

PPD Pilot Preference Downlink

This service allowed pilots to downlink certain
preferences for their flights, such as their preferred
speed and preferred flight level, for displaying to a
controller.  The PPD service also allowed for the
downlink of the operational speed range of the aircraft
and of its maximum attainable flight level.
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3.4. CONTROLLER WORKING POSITION

All measured sectors had two CWPs (Controller Working Positions), one for the TC (Tactical
Controller) and one for the PC (Planning Controller).  Each CWP of a measured sector was
equipped with the same functionality and consisted of:

• a 28” BARCO™ LCD (Liquid Crystal Display) monitor, providing a multiple-window
working-environment;

• a Hewlett Packard™ workstation and BARCO™ graphics card;

• a three-button mouse;

• a digital voice communication system (Audio-LAN) with a headset, a loud speaker, a
footswitch, and a panel-mounted Push-To-Talk facility; and

• An ISA (Instantaneous Self-Assessment) subjective workload input device.

The configuration of windows on the monitors of the TC and PC of a sector could be different
depending on operational rules and the specified tasks of the two controllers.

3.4.1. Feed Sectors

Each feed sector had a single working position, which was a hybrid between a CWP and a PWP
(Pilot Working Position).  Feed sector working positions were set up so that some of the controller's
inputs were interpreted directly as pilot inputs, thus allowing the sector to operate without the need
of a dedicated pseudo-pilot.

The feed sector working positions were equipped with 28” BARCO™ LCD monitors.

Because the levels of traffic in the SL sector were low, the SL feed sector was configured to
manage traffic automatically.  It was, therefore, not manned during the simulation and so was
equipped only with a 21” monitor.  All co-ordination requests were automatically accepted and
aircraft were transferred and assumed automatically.

3.4.2. Operations Room Configuration

The Operations Room was configured with 14 working positions as indicated in the following table:

Table 5:  DOVE-1 RTS ATC centres and sectors

SECTOR ATC CENTRE NUMBER OF CWPS
SE (Measured) Sierra 2 CWPs
SW (Measured) Sierra 2 CWPs

AW (Feed) Alpha 1 CWP
AS (Feed) Alpha 1 CWP
BE (Feed) Bravo 1 CWP
SL (Feed) Sierra 1 CWP
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The Operations Room layout, which is shown in Figure 3, remained unchanged between
organisations.

Figure 3:  Layout of the DOVE-1 RTS operations room
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3.4.3. ATC Procedures and Controller Tasks

As the focus of the DOVE-1 simulation was on the use of the datalink rather than on routine
procedures, the ATC procedures that were applied during the simulation were simplified for use in
the simulated airspace.

In order to evaluate new distributions of tasks between the TCs and the PCs, a defined set of tasks
applicable to each control position was specified for all exercises.

The task definitions were based on the premise that the PCs were primarily responsible for flights
whose status was “Advanced Information” (i.e. flights whose labels were blue – see Section 7.1.1
for details about the use of colour in labels), while the TCs were primarily responsible for assumed
flights (i.e. flights whose labels were black) and for managing the R/T voice channel.  This basic
division of tasks, however, did not restrict the two members of a controlling team from co-operating
with each other and either controller was free to assist the other as required.

Both the PC and the TC of a sector had access both to identical functionality and to the datalink
channel; this allowed the controller teams to come up with alternative working methods and to re-
distribute the sector tasks if they wanted to.

3.5. SEPARATION STANDARDS

3.5.1. Horizontal and Vertical Separation Standards

The specific separation standards that applied during the simulation were:

Table 6:  Horizontal and vertical separation standards for the DOVE-1 RTS

Horizontal Separation

Application Separation

En route radar 5 NM

Vertical Separation

Application Separation

Surface to unlimited 1000 feet
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4. EXPERIMENTAL DESIGN

4.1. TRAFFIC

Traffic samples were based on the actual traffic, recorded during 22 August 1997, that was
provided by the controller team for the F24 Czech fast-time simulation.  (This same traffic was also
the basis for the traffic for the DOVE-1 fast-time simulation.)  The actual traffic sample was then
modified, using EUROCONTROL's STATFOR statistics, so as to make it representative of the
traffic found in 2002.  This gave us the baseline (100%) traffic sample.

The baseline sample was then modified again to produce samples reflecting a 20% increase
(120%) and a 40% increase (140%) in traffic.  Reduced traffic samples were also created from the
baseline sample to give traffic at the 50% and 100% levels for use in the introduction and training
phases of the simulation.

Other variables including the percentage of aircraft that were datalink-equipped (50%, 75%, and
95% of all aircraft) were introduced into the traffic samples.  The percentage of datalink equipage
was calculated on the total number of aircraft in the total simulated area.

Several traffic samples with the same characteristics were produced to provide the participants
some variety and also to limit the familiarity of the participants with the traffic samples.

For all the traffic samples, the time of day simulated was between about 10:00 and 11:30 in the
morning, the measured hour being between 10:15 and 11:15.

4.2. ORGANISATIONS

Three organisations, A, B, and C, were simulated.  The airspace, sector configuration and route
structure were the same for all the organisations; there were, however, significant differences.
These included changes in datalink functionality, and working methods.

4.2.1. Organisation A (With FLIPCY, without Turbulence)

Org A (Organisation A) supported the main objective of the study.  The nominal datalink
environment was represented.

Datalink-equipped aircraft were not required to initiate a first contact call when changing frequency
from one sector to another if both sectors were associated with datalink-equipped centres.
Controllers were advised by means of a datalink message that a datalink-equipped aircraft was
monitoring the new frequency.

The task of transferring datalink-equipped aircraft was allocated solely to the Planning Controller.
This task was simplified by the existence of the datalink ACM service, which enabled both aircraft
voice and data channels to be transferred by means of datalink messages while simultaneously
transferring the control of the aircraft by means of a ground-ground message.

The CAP, PPD, and FLIPCY services were provided for all datalink-equipped aircraft.  The CAP
service included the downlinking of the current heading, current speed, and current vertical speed
of the aircraft, but, as no areas of turbulence were activated, no aircraft turbulence data was
downlinked.  The PPD service included the display of the flight envelope (altitude, speed, and
vertical speed) to the controllers and enabled pseudo-pilots to register their preferred flight level
and preferred speed for individual flights.  The FLIPCY service identified inconsistencies between
the FMS and FDPS flight plans.  (Known flight plan inconsistencies were introduced during the
exercises.)
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Org A was conducted with traffic samples having level of datalink-equipage of 50%, 75%, and 95%
at traffic levels of both 120% and 140%.

4.2.2. Organisation B (Without FLIPCY, without Turbulence)

In Org B (Organisation B), the FLIPCY service was disabled.  Flight plan inconsistencies continued
to occur (at the same rate as with Org A) but they were not displayed to the controllers.

Org B was conducted only with traffic samples that had a 140% traffic level and a level of datalink
equipage of 95%.

4.2.3. Organisation C (With FLIPCY, with Turbulence)

In Org C (Organisation C), four areas of turbulence were activated between FL310 and FL410 and
so aircraft turbulence data was downlinked as an element of the CAP service.  For aircraft entering
a turbulence area, an HMI indication representing the scale and severity of the turbulence was
displayed to the controller.

Like Org B, Org C was conducted only with traffic samples that had a 140% traffic level and a level
of datalink equipage of 95%.

4.3. EXERCISE PROGRAMME

An exercise program was constructed that took account of the possibility to run three simulation
exercises per day.  After allowing for an introductory briefing session and a final presentation and
de-briefing session, forty exercises slots were available.  Twelve exercise slots were allocated to
familiarisation and system training while another four exercise slots were retained as spares (for
contingency use).  The remaining twenty-four exercise slots were allocated to the measured
exercises.  The exercise program was constructed in order to address the simulation objectives.  In
addition, the exercises were randomised to minimise the impact of a learning effect.

Table 7:  DOVE-1 RTS exercise summary

Week Org. Number of
exercises Traffic level Datalink equipage

level Exercise Description

A 2 50% 50% Training – Nominal
A 2 50% 75% Training – Nominal
A 2 100% 50% Training – Nominal
A 2 100% 75% Training – Nominal
C 2 100% 75% Training – Turbulence

1

A 1 100% 95% Training – Nominal
A 1 100% 95% Training – Nominal
A 3 120% 50% Measured – Nominal
A 1 120% 75% Measured – Nominal
A 3 120% 95% Measured – Nominal
A 1 140% 50% Measured – Nominal
A 2 140% 75% Measured – Nominal
A 1 140% 95% Measured – Nominal
B 2 140% 95% Measured – No FLIPCY

2

C 1 140% 95% Measured – Turbulence
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Week Org. Number of
exercises Traffic level Datalink equipage

level Exercise Description

A 1 120% 50% Measured – Nominal
A 2 120% 75% Measured – Nominal
A 1 140% 50% Measured – Nominal
A 1 140% 75% Measured – Nominal
A 2 140% 95% Measured – Nominal
B 1 140% 95% Measured – No FLIPCY

3

C 2 140% 95% Measured – Turbulence
Spare 4
Total 40 Representing 50 hours of scheduled simulation time

The staff allocation to each sector was based on a complex controller rotational plan. Three
rotations referred to as , , and  were implemented.  The rotations were designed so that the
controllers experienced both the SE and SW measured sectors, both PC and TC positions, and
worked in a team where both controllers were from the same ATC Centre, and in a team where the
controllers came from different ATC centres.

The following tables give the positions of each participant according to the appropriate rotation
number:

Table 8:  Participant rotation table

Rotation for exercise with 120 % level of traffic

Sector AS BE SE SW AW

CWP Feed Feed PC TC PC TC Feed

Rotation Macedonian 1 Italian 2 Italian 1 Macedonian 3 Cypriot 1 Italian 3 Macedonian 2

Rotation Italian 1 Italian 3 Macedonian 2 Cypriot 1 Italian 2 Macedonian 1 Macedonian 3

Rotation Cypriot 1 Macedonian 1 Italian 3 Italian 2 Macedonian  3 Macedonian 2 Italian 1

Rotation for exercise with 140 % level of traffic

Sector AS BE SE SW AW

CWP Feed Feed PC TC PC TC Feed

Rotation Macedonian 2 Italian 2 Macedonian 3 Italian 1 Italian 3 Cypriot 1 Macedonian 1

Rotation Italian 1 Italian 3 Cypriot 1 Macedonian 2 Macedonian 1 Italian 2 Macedonian 3

Rotation Macedonian 1 Italian 1 Italian 2 Italian 3 Macedonian 2 Macedonian 3 Cypriot 1

Note that, originally, only one participant rotation plan was designed. The participants, however,
complained of always having the same role within a team.  In Rotation 1, in the SE sector, for
example, when participant Italian 1 (I1) was with participant Macedonian 3 (M3), I1 was always the
PC and M3 was always the TC.  So a second rotation plan was designed in which the participants
who were supposed to play the PCs in the first plan played the TCs and vice versa.  There was,
however, a bias.  
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As we did not have the possibility to run a sufficient number of exercises to be able to have all
possible combinations of participants, one rotation was dedicated to the exercises that had traffic
samples with a traffic level of 120% and the other rotation was dedicated to the exercises that had
traffic samples with a traffic level of 140% (as can be seen in Table 8 above).

4.4. POPULATION CHARACTERISTICS

Seven participants participated as controllers in the DOVE-1 RTS.  Three of these were from the
Rome ATC centre, another three were from the Macedonia ATC centre, and the seventh was from
the Cyprus ATC centre.  All had more than five years of qualified experience with two having more
than ten years of qualified experience.  Six were line controllers, while the other acted as both a
controller and an instructor.  All of the participants had previously participated in at least one real-
time simulation at the EEC.  Indeed, all three of the Italian participants had previously participated
in the Link 2000+ RTS.

4.5. METHODOLOGY

The simulation results presented in this report were compiled from the notes taken at post
simulation debriefing sessions, questionnaire responses, observations of the project team, and
from the collection of objective data from system recordings including time-stamped HMI
interactions and datalink messages.

4.5.1. Instantaneous Self Assessment

The ISA (Instantaneous Self-Assessment) method was used to collect subjective data on
perceived controller workload.  From the controllers' point of view, the ISA system consisted of a
set of five push buttons and a light.  Each button (numbered 1 to 5) was assigned a particular level
of workload, namely:

1) Under-used;
2) Relaxed;
3) Comfortable;
4) High; and
5) Excessive.

Every two minutes during each measured exercise, a light lit up for thirty seconds.  The controllers
were requested to respond to this visual prompt by pressing the button that was related with the
workload that best matched their current level of workload.
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4.6. REALISED EXERCISE SCHEDULE

Table 9:  DOVE-1 RTS exercise schedule
Week 1

Monday

20 May

Tuesday

21 May

Wednesday

22 May

Thursday

23 May

Friday

24 May

DOT100A50 DOT100A50

�������������������������������������������� �������������������������������������������

Exercise 1 Arrival briefing

�������������������������������������������
��������������������������������������������������������������������������������������
�������������������������������������������
��������������������������������������������������������������������������������������

DOT100A75 DOT100C95
Exercise 2 Exercise not

completed
Exercise not
completed

DOT50A50 DOT50A75 DOT100C95 DOT100A95
Exercise 3

��������������������������������������������
��������������������������������������������
��������������������������������������������
����������������������������������������������������������������������������������������
��������������������������������������������
��������������������������������������������Holiday��������������������������������������������
����������������������������������������������������������������������������������������
��������������������������������������������
��������������������������������������������
��������������������������������������������

Week 2

Monday

27 May

Tuesday

28 May

Wednesday

29 May

Thursday

30 May

Friday

31 May

DOT100A50 DOM140A75V2 DOM140B95V6 DOM140A95V3 DOM120A95V3
Exercise 1

DOM120A95V3 DOM140A50V1 DOM140A50V1 DOM120A95V3 DOM140B95V6
Exercise 2

+ + +

DOM140A75V2 DOM120A75V2 DOM120A50V1 DOM140C95V4

��������������������������������������������

Exercise 3

����������������������������������������������������������������������������������������
��������������������������������������������
��������������������������������������������Exercise not��������������������������������������������
��������������������������������������������completed�������������������������������������������� +

DOM120A50V1

�������������������������������������������� ����������������������������������������������������������������������������������������������������������������������������������

Exercise 4

��������������������������������������������
����������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������
��������������������������������������������

�������������������������������������������
��������������������������������������������������������������������������������������
��������������������������������������������������������������������������������������
�������������������������������������������

�������������������������������������������
��������������������������������������������������������������������������������������
��������������������������������������������������������������������������������������
�������������������������������������������

��������������������������������������������
����������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������
��������������������������������������������

Week 3

Monday

3 June

Tuesday

4 June

Wednesday

5 June

Thursday

6 June

Friday

7 June

DOM140C95V4 DOM140A95V3 DOM120A50V1 DOM140C95V5

�������������������������������������������

Exercise 1

��������������������������������������������������������������������������������������
�������������������������������������������
�������������������������������������������Exercise not�������������������������������������������
�������������������������������������������completed�������������������������������������������

DOM140A50V1 DOM140A75V2 DOM120A75V2

��������������������������������������������

Exercise 2

��������������������������������������������������������������������������������������
�������������������������������������������

Exercise not
�������������������������������������������
�������������������������������������������
�������������������������������������������completed�������������������������������������������

DOM120A75V2 DOM140B95V6 DOM140A95V3 DOM140C95V4
Exercise 3

Departure
briefing

The names of the traffic samples have the form: MMMTTTODDVV or MMMTTODDVV where:
• MMM indicates if the traffic sample is for training purposes, in which case it has the value

"DOT", or for a measured exercise, in which case it has the value "DOM";

• TTT (or TT) indicates the percentage traffic level, possible values being 50, 100, 120, and
140;

• O indicates the organisation, possible values being "A", "B", and "C";
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• DD indicates the percentage level of datalink equipage, possible values being 50, 75, and
95;

• VV indicates the traffic sample variation, allowed values being "V1", "V2", "V3", "V4",
"V5", and "V6".

The background colours of the cells have the following meanings:

Background
Colour Meaning

Briefing

Training

Measured exercise Org A  (Nominal)

Measured exercise Org B  (No FLIPCY)

Measured exercise Org C  (Turbulence)���������������������������������������
������������������������������������������������������������������������������ Session not allocated

A , , or  indicates the controller rotation while a + indicates that at least one participant who
was planned to be the PC or the TC of a measured sector was replaced by another participant.
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5. RESULTS - OBJECTIVE 1 (ADAP SERVICES)

The first objective of the DOVE-1 RTS was to assess the operational impact on controllers of the
availability of PPD services (preferred flight level, maximum attainable flight level, preferred speed,
and minimum / maximum current configuration operational speed), CAP services (current heading,
current speed, current rate of climb/descent, and turbulence), and the [2-D] FLIPCY service.

5.1. ADAP SERVICES

5.1.1. Pilot Preference Downlink Service

The operational requirements for the PPD service for the DOVE experiments are described in [2].

For the DOVE-1 RTS, the functionality provided by the PPD service was limited.  The pilots of
datalink-equipped aircraft could downlink their preferred operating cruise speeds and their
preferred cruise flight levels.  The participants were asked to try to meet the pilots' preferences
whenever it was operationally feasible.

More detailed information about the PPD service can be found in the DOVE-1 RTS System
Handbook [4].

5.1.2. Controller Access Parameters Service

For the DOVE-1 RTS, the functionality provided by the CAP service was limited.  The following
aircraft state information could be downlinked on a regular basis from each datalink-equipped
aircraft:

• the aircraft’s current speed;
• the aircraft’s current heading;
• the aircraft’s current rate of climb/descent;
• the aircraft’s status with regard to being in turbulence.

This data enhanced the ATC surveillance information that was already available to the controllers.

More detailed information about the CAP services can be found in the DOVE-1 RTS System
Handbook [4].

5.1.3. Flight Plan Consistency Service (FLIPCY)

For the DOVE-1 RTS, a limited 2D FLIPCY service was provided.  For a datalink-equipped aircraft,
this service compared:

• the planned route stored in the FMS (Flight Management System) onboard the aircraft;
and

• the equivalent planned route stored in the FDPS (Flight Plan Data Processing System) of
the ATC system.

Checking for inconsistencies between them.  A FLIPCY check was automatically performed each
time that a datalink-equipped aircraft was about to enter the airspace of a new ATC centre.

More detailed information about the FLIPCY service can be found in the DOVE-1 RTS System
Handbook [4].
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5.2. RESULTS FOR THE ADAP SERVICES

5.2.1. Evaluation of the PPD service

During the 25 measured exercises, a total of 142 preferred flight level (PFL) and 50 preferred
speed (PSP) datalink messages were downlinked from aircraft.  Twelve aircraft were subsequently
cleared to their preferred flight levels but no aircraft was subsequently cleared to its preferred
speed.

On two occasions, a pilot that had downlinked a preferred flight level subsequently downlinked a
request to be cleared to that same flight level.  In neither case was the request granted.

With 8.5% of the preferred flight levels, and 0% of the preferred speeds, being respected, it seems
that the participants rarely complied with downlinked pilot preferences.  Some of the comments
made by the participants may provide an insight into why the pilots’ preferences were not
respected more.

The participants had divided opinions about whether the availability, and updating, of preferred
flight levels and speeds was obvious.

Statement Agree Undecided/No opinion Disagree No reply

Availability and update of PFL/PSP
was obvious. 3 1 3 0

Several of the participants would have preferred to be informed when a new pilot preference had
been downlinked rather than having to check the individual menus (such as the CFL menu or the
ASP menu) at regular intervals.  One participant commented that it would be good to know if "the
current situation is different from the preferred situation".  This participant also commented
that “there is not enough time to check for PPDs" while another commented that “in high levels
of traffic, I had no time to check the PPDs”.

Thus, the possibility to comply with downlinked pilot preferences was perhaps limited partly by the
complexity of the traffic samples and partly by the nature of that part of the DOVE-1 HMI that was
dedicated to the PPD service.  (For technical reasons, the HMI that was finally used for the
DOVE-1 RTS was not the one that had been designed.)

Despite the reserve of the participants to respect the pilots’ preferences, a look at the two figures
below indicates that participants, in both the planning and tactical roles, showed a lot of interest in
using the PPD services.

Figure 4 shows the levels of PPD usage during individual exercises (indicated by the dots), and
their average value (indicated by the bars), by the PCs and TCs as a function of the level of
datalink equipage for the 120% traffic samples in Org. A.
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Figure 4:  Variation of PPD usage - 120% traffic samples in Org. A

The variation of PPD usage during individual exercises (indicated by the dots), and their average
value (indicated by the bars), as reported at the PC and TC positions of the SE and SW sectors as
a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 5:  Variation of PPD usage - 140% traffic samples in Org. A

In both of the figures above, the dots indicate the individual levels of PPD usage as reported by the
participants by means of the post-exercise questionnaires after each exercise.  The red dots are
for the SW sector and the green dots are for the SE sector.  The height of the vertical pink bars
indicates the average level of the individual levels of PPD usage reported by the participants that
played the PC roles at levels of datalink equipage of 50%, 75%, and 95%.  The height of the
vertical green bars indicates the equivalent information for the participants that played the TC
roles.
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The main point to notice is that there was a lot of variation in the values of the individual replies.
For example, looking at the exercises in which the traffic level was 140% and the level of datalink
equipage was 95%, one of the participants that played the TC role on the SE sector reported a
PPD usage of 10, another reported a PPD usage of 3, and yet another reported a PPD usage of 2.
(This last value cannot be seen in Figure 5 because it is hidden by one of the values of a TC of the
SW sector.)  Indeed, the amount of variation in the responses of different participants for exercises
with the same characteristics was often much greater than the size of any difference between
exercises with different characteristics.  As an example, the difference between the mean level of
PPD usage by the TCs when the level of datalink equipage was 50% and when it was 75% (both at
a traffic level of 140%) was 1.67 (being equal to the difference between 3.17 and 1.50).  But we
can see that the difference between individual levels of PPD usage at a level of datalink equipage
of 75% was 6 (being equal to the difference between 7 and 1).  Thus, just swapping one participant
for another in an exercise could have drastically changed the results obtained.

Another point to notice is that it appears that the PPD service was more useful for the PCs than for
the TCs.  Four participants thought that the availability of the PPD service enabled the traffic to be
planned better:

Statement Agree Undecided/No opinion Disagree No reply

Having the PPD service enabled a
better planning of the traffic. 4 1 2 0

While four participants thought that the availability of the PPD service did not improve the tactical
control of traffic.

Statement Agree Undecided/No opinion Disagree No reply

PPD (including flight and speed
envelopes and PFL/PSP) did not
improve tactical control of the traffic.

4 0 3 0

5.2.2. Evaluation of the CAP service (including turbulence)

Figure 6 shows the levels of CAP usage during individual exercises (indicated by the dots), and
their average value (indicated by the bars), for the PC and the TC positions as a function of the
level of datalink equipage for the 120% traffic samples in Org. A
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Figure 6:  Variation of CAP usage - 120% traffic samples in Org. A

The variation of CAP usage during individual exercises (indicated by the dots), and their average
value (indicated by the bars), as reported at the PC and TC positions of the SE and SW sectors as
a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 7:  Variation of CAP usage - 140% traffic samples in Org. A

The variation of CAP usage during individual exercises (indicated by the dots), and their average
value (indicated by the bars), as reported at the PC and TC positions of the SE and SW sectors as
a function of the level of datalink equipage for the 140% traffic samples in Org. A.

Inspection of the two figures above indicates that there was a lot of interest by the participants, as
both PC and TC, in using the CAP service.

Six participants thought that tactical control was improved by having the CAP service.
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Statement Agree Undecided/No opinion Disagree No reply

Tactical control was improved by
having CAP. 6 0 0 1

Six participants also thought that having the CAP service was useful in reducing the number of
requests to the pilots.

Statement Agree Undecided/No opinion Disagree No reply

CAP was useful in reducing the
number of requests to the pilot. 6 0 1 0

One controller commented: “It gives a clear picture about aircraft performance (… speed,
current HDG) so there is no need for the ATCO to ask for info.”  Two other controllers
commented that the presence of the CAP service also reduced the occupancy of the R/T.

Opinion was divided as to whether the availability of the CAP service made them feel that the ATM
system was safer; three participants felt that the ATM system was safer, one felt that it was not
safer, and three remained undecided on this point.

Statement Agree Undecided/No opinion Disagree No reply

Availability of CAP (including PPD
and turbulence) makes you feel that
the ATM system is safer.

3 3 1 0

In contrast to their thoughts about the way to access the PPD values, all seven participants thought
that the way to access the CAP values (via the selected label) was convenient.

Statement Agree Undecided/No opinion Disagree No reply

Accessing the CAP values through
the selected label as convenient. 7 0 0 0

Not only that, but also six participants had no problem with the length of the interval between
successive updates of the CAP values (which was 5 seconds).

Statement Agree Undecided/No opinion Disagree No reply

The update rate on CAP did not
pose a problem. 6 0 0 1

5.2.2.1. Turbulence

The way in which downlinked turbulence data was displayed during the DOVE-1 RTS was not
enthusiastically received.  Only two of the seven participants thought that the provision of
turbulence warnings (to the controllers) was useful while four thoughts that it was not useful.
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Statement Agree Undecided/No opinion Disagree No reply

Providing the turbulence warning
was useful so that I could warn
other pilots.

2 1 4 0

In any case, none of the participants in the role of PC, and only half of the participants in the role of
TC, reported actually using the available turbulence data.

Perhaps there was a problem with the HMI. The severity of a region of turbulence was indicated by
means of a number.  Only two of the participants, however, thought that indicating turbulence
severity in this way was meaningful.  The other five participants thought that it was not.

Statement Agree Undecided/No opinion Disagree No reply

The turbulence severity indicator
(number) was meaningful. 2 0 5 0

And only three participants thought that indicating the effect that turbulence of a particular severity
would have on an aircraft with a particular weight category by means of the background colour of
the turbulence severity indicator was meaningful.  The remaining four participants did not think it
was meaningful.

Statement Agree Undecided/No opinion Disagree No reply

The effect of the turbulence severity
on the aircraft (background colour)
was meaningful.

3 0 4 0

Figure 8 indicates the levels of overall workload during individual exercises (indicated by the dots),
and their average value (indicated by the bars), for the PC and the TC positions as a function of
organisation (A - without turbulence, C - with turbulence) for the 140% traffic samples with 95%
datalink equipage.
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Figure 8:  Variation of the overall workload - 140% traffic samples with 95% datalink equipage
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As stated in section 5.2.2 above, the controllers had divided opinions that the availability of CAP
services, including the downlinking of turbulence data, made them feel that the ATM system was
safer.

Three controllers made the following comments about turbulence information:

• “It should be downlinked and automatically broadcast to other (concerned)
aircraft”.

• “Since, as far as is practicable, a controller should pass a turbulence warning to
other pilots, maybe it is better either if the pilot uses the voice channel, so that
others on the frequency could hear the info if the controller is busy with other
duties, or that the information be automatically uplinked to concerned aircraft”.

• “With a high level of traffic, it is impossible to provide information to pilots also
because pilots' reactions will be different."

5.3. EVALUATION OF THE 2D FLIPCY SERVICE

Most of the participants were not convinced of the need for an explicit FLIPCY service because
they did not envisage having an operational need for using the route stored in an aircraft's FMS in
place of the route stored in the FDPS.  One controller commented that the "FLIPCY warning
indication must report only the FDPS route" (with the understanding that the FDPS route would
be automatically uplinked to the aircraft so that its FMS could be updated).

It was almost always clear whether it was the TC or the PC who was responsible for the FLIPCY
service; generally, it was the PC.

Figure 9 shows the percentage of PCs and TCs that were responsible for processing FLIPCY
warnings as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 9:  Variation of the percentage of PCs and TCs having processed FLIPCY warnings -
120% traffic samples in Org. A

The variation of the percentage of PCs and TCs that reported having processed FLIPCY warnings
as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 10 shows the equivalent information for the 140% traffic samples.
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Figure 10:  Variation of the percentage of PCs and TCs having processed FLIPCY warnings -
140% traffic samples in Org. A

A problem arose due to the way the FLIPCY service was simulated.  In fact, there was no
possibility to have a real FLIPCY service because the FDPS flight plan and the FMS flight plan
were always the same in the simulator.  So, instead, a number of aircraft were chosen to have
flight plan inconsistencies.  As each one of these aircraft approached the sector boundary, the
relevant FLIPCY warning was displayed.  The problem occurred if a ground-ground co-ordination
process occurred for this aircraft after the controller had prepared a “Cleared Route” order to be
uplinked when the aircraft was assumed.  The procedure that was decided upon was to abort the
FLIPCY warning. Also, the opinions of the participants on whether or not it was always obvious,
following a FLIPCY warning, to know what clearance to give by voice and when to give it varied.
Two participants thought that it was always obvious, two controllers thought it was not always
obvious, and two participants expressed no particular view.

Statement Agree Undecided/No opinion Disagree No reply

Following a FLIPCY warning it was
always obvious when and what to
clear by voice.

2 2 2 1

Now it has to be stressed that the problem described above was not a problem with the concept of
the FLIPCY service but with how it was implemented for the DOVE-1 RTS.  Nevertheless, the
existence of such a problem meant that the controllers appreciated the FLIPCY service less than
they might have had that problem not existed.
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6. RESULTS - OBJECTIVE 2 (CPDLC)

The second objective of the DOVE-1 RTS was:

• to evaluate the use of datalinked ACL route clearances, in singular message format,
within the implementation of FLIPCY; and

• to evaluate the use of ACM - Monitor.

6.1. CPDLC SERVICES

6.1.1. ATC Communications Management

The ACM service enabled the transmission via datalink of all messages related to the transfer of
ATC communications.  The ACM service encompassed the transfer of all communications, in both
directions, between the controllers and the pilots; consequently, both the R/T channel (voice
communications) and the datalink channel (data communications) were used to provide the ACM
service.

More detailed information about the ACM service can be found in the DOVE-1 RTS System
Handbook [4]. 

6.1.2. ATC Clearances (ACL)

The ACL service specified the aircraft/ATSU dialogue procedures to be followed to perform these
exchanges via the datalink.

The controllers could transmit, via the datalink, the following types of order to the aircraft:

• Climb To
• Descent To
• Maintain Level
• Descent At Vertical Rate
• Climb At Vertical Rate
• Proceed Direct To
• Fly Heading
• Increase Speed to
• Decrease Speed to, and
• No Speed Restriction

The pilots could respond to an uplinked order with one of the following types of response, which
was then downlinked:

• Wilco
• Unable
• Standby

The Wilco response was used to indicate that the pilot had accepted the order, the Unable
response was used to indicate that the aircraft was unable to meet the requirements of the order,
and the Standby response to indicate that the pilot needed more time to think about the order.
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The pilots could also downlink the following types of request:

• Request Level
• Request Direct to

A participant could respond to a downlinked request with one of the following types of response,
which was then uplinked:

• Unable
• Standby

One other type of message, initiated by the datalink system itself, could also be uplinked and
downlinked.  Every time a datalink message was received at its designated destination, a Lack
(Logical Acknowledgement) message was immediately transmitted back to the sender of the
message.

In addition to the contents of the datalink messages themselves, two text messages could be
displayed to the controllers - "DL ERROR" and "NO REPLY".  The apparition of one of these
messages signalled a non-nominal event:

• First, if, within 30 seconds of uplinking a message, the ground system had not received a
Lack message from the destination aircraft, the text "DL ERROR" was displayed in the
aircraft label.  There were two possible reasons for why the ground system might not
have received a Lack message; either the uplinked message was lost on its way to the
aircraft - in which case the pilot would not have received the message - or it was received
by the aircraft - in which case the pilot would have received the message - but the
downlinked Lack message was lost on its way to the ground system.

• Second, if, within 60 seconds of uplinking a message, the ground system had not
received a response from the pilot, the text "NO REPLY" was displayed in the aircraft
label.  There were two possible reasons for why the ground system might not received a
pilot response; either the pilot did not respond to the received message or the pilot did
respond to it but, for some reason, the downlinked response message was lost on its way
to the ground system.  If a pilot responded Standby to an uplinked message, the time
that could elapse before the "NO REPLY" text would be displayed to the controllers was
increased by 60 seconds.

The texts "DL ERROR" and "NO REPLY" could also be displayed to the pilots.  If, within 30
seconds of downlinking a request, the aircraft had not received a Lack message from the ground
system, the text "DL ERROR" was displayed to the pilot.  There were two possible reasons for why
an aircraft might not have received a Lack message; either the downlinked request was lost on its
way to the ground system or it was received by the ground system but the uplinked Lack message
was lost on its way to the aircraft.

Also, if, within 60 seconds of downlinking a request, the aircraft had not received a response from
a controller, the text "NO REPLY" was displayed to the pilot.  There were two possible reasons for
why an aircraft might not have received a controller response; either no controller responded to the
received request or a controller did respond to it but the uplinked response message was lost on its
way to the aircraft.  If a controller responded Standby to a downlinked request, the time that could
elapse before the text "NO REPLY" would be displayed to the pilot was increased by 60 seconds.
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6.2. CPDLC SERVICES RESULTS

6.2.1. The ACM Service

In the DOVE-1 RTS, no pilot of a datalink-equipped aircraft reported being on frequency by voice
when the aircraft was transferred between two datalink-equipped sectors/ ATSUs.  This function
was fulfilled by the datalink Monitoring message.  Upon receipt of this type of message, the text
"MONITORING" was displayed to the controllers in the label of the associated aircraft.

The transfer by datalink of an aircraft to the next sector frequency (combined with the
ground/ground transfer input) was considered beneficial for several reasons, including:

• the TC was not required to issue a voice instruction;

• under certain conditions, the task could be delegated to the PC - this seemed to work
well in the simulation;

• the frequency could not be misunderstood by the pilot, and, consequently, there was no
need for a TC to repeat the frequency (which is more and more common today with 6-
digit frequencies).

The participants were instructed to assume control of a datalink-equipped aircraft only after
receiving either a contact message by voice or a datalink Monitoring message from that aircraft.
The "MONITORING" text was not displayed in the label of an assumed aircraft.  Therefore, if the
control of an aircraft was assumed (through the NS menu) before the “Monitoring” message was
received, the "MONITORING" text would never be displayed and, consequently, the controller
could not be sure the aircraft was actually on the frequency.  Now it would have been possible to
display the "MONITORING" text in the label of an assumed aircraft but this was not done because
a delay in receiving the Monitoring message should not block the Assume Control input.

The safety issue of not actively testing whether the voice channel is fully operational, before the
need to issue a time-critical instruction, remains to be investigated.

The addition of the datalink provided an opportunity to modify the partition of responsibilities for the
different tasks that needed to be performed by a controller team.  PCs could now interact directly
with the aircraft.  Results show that a new flexible partition of tasks is possible and can be
beneficial, but some issues remain concerning teamwork and mutual situational awareness.

Some participants, in the role of a TC, were reluctant to allow the PCs to transfer datalink-equipped
aircraft.  Initially, some participants preferred to keep the TC as the controller responsible for
transferring all aircraft by voice, both because this was their current working method and because
they could issue exit condition clearances with the transfer.

Whenever a datalink-equipped aircraft was transferred to another ATC centre, the indication of the
CPDLC connection (i.e. the frame around its callsign) was removed.  There was, however, a
potential problem with this.  The label of a datalink-equipped aircraft that had been transferred to
another ATC centre looked identical to that of a non-equipped aircraft for which a transfer
instruction had not been given (by voice).  If it was the PC that had transferred the datalink-
equipped aircraft, the TC might see the aircraft label at a later time and be in doubt as to which
type of aircraft it was - either a datalink-equipped aircraft that had been transferred or a non-
equipped aircraft that had not been transferred.
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The members of a team often talked to each other about the actions they were performing.  It was
considered by the PCs, however, to be too much of a burden to advise the TC every time they
transferred a datalink-equipped aircraft.  The PCs did this only if they thought the TC was unaware
that they had performed a transfer.

Another issue was that of the situational awareness that TCs had concerning which aircraft
remained active within their “mental picture”.  This could be disturbed if they were not aware of the
PCs’ actions.

Some teams decided that the PC would be responsible for transferring the datalink-equipped
aircraft.  Figure 11 shows the percentage of PCs and TCs that reported having transferred
datalink-equipped aircraft as a function of the level of datalink equipage for the 120% traffic
samples in Org. A.  As three exercises were run for each level of datalink equipage, there was a
maximum of six PCs and six TCs that could have been responsible for transferring datalink-
equipped aircraft.  Apparently, for example, five (or 83%) of the six participants that had the PC
role for either the SE sector or the SW sector for the exercises with 95% datalink equipage
reported having transferred datalink-equipped aircraft.
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Figure 11:  Variation of the percentage of PCs and TCs having transferred D/L aircraft -
120% traffic samples in Org. A

The variation of the percentage of PCs and TCs that reported having transferred datalink-equipped
aircraft as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 12:  Variation of the percentage of PCs and TCs having transferred D/L aircraft –
140% traffic samples in Org. A

The variation of the percentage of PCs and TCs that reported having transferred datalink-equipped
aircraft as a function of the level of datalink equipage for the 140% traffic samples in Org. A.

The two figures above indicate that, even if the PC was supposed to be responsible for transferring
datalink-equipped aircraft, the TC often performed this task as well.

With both the 120% and 140% traffic samples, more TCs transferred datalink-equipped aircraft
when 75% of the aircraft were datalink-equipped than when 95% were.  Perhaps this confirms that
the confusion between datalink- and non-equipped aircraft diminished as the percentage of non-
equipped aircraft decreased.

With the 140% traffic samples, no TC transferred datalink-equipped aircraft when 50% of the
aircraft were datalink-equipped.  It is possible that the TCs had enough to do with the increased
amount of non-equipped aircraft.  Also, at the highest level of traffic, control became more tactical
so that fewer datalink-equipped aircraft were transferred by datalink.
Some teams also decided that, if the TC were too busy, the PC could assume datalink-equipped
aircraft.  Figure 13 shows the percentage of PCs and TCs that reported having assumed datalink-
equipped aircraft as a function of the level of datalink equipage for the 120% traffic samples in
Org. A.
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Figure 13:  Variation of the percentage of PCs and TCs having assumed D/L aircraft -
120% traffic samples in Org. A
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The variation of the percentage of PCs and TCs that reported having assumed datalink-equipped
aircraft as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 14:  Variation of the percentage of PCs and TCs having assumed D/L aircraft -
140% traffic samples in Org. A

The variation of the percentage of PCs and TCs that reported having assumed datalink-equipped
aircraft as a function of the level of datalink equipage for the 140% traffic samples in Org. A.

The two figures above indicate that some PCs did assume datalink-equipped aircraft on behalf of
the TC.

Before assuming an aircraft, some PCs checked the CFL, the route, and relevant traffic, but they
did not advise their TCs every time.

6.2.1.1. Controller Feedback on the ACM Service

The participants made several significant positive comments about the benefits of the ACM service
as it was implemented.  One participant said: “With datalink[-equipped] aircraft, there is more
time for the non-datalink aircraft.”.  Another controller remarked that: “With practice, it should
not be a problem if you never talk to an aircraft the whole time it is in your sector.”

The participants identified limitations to the ACM service as it was implemented.  They were unable
to issue a clearance (such as Continue Climb) at the same time as assuming an aircraft.  One
participant reported: “When assuming [an aircraft], I check if the aircraft is approaching its
CFL, so that even if it is a datalink-equipped aircraft, I can voice another CFL in order to
avoid the aircraft levelling off.”  Some participants suggested that any input (such as a new CFL)
for an aircraft in the "Transfer-In" state should result in that aircraft being automatically assumed.
Nevertheless, nothing restricted a controller from contacting a datalink-equipped aircraft by voice at
the moment that control was assumed if he/she wanted to issue immediate instructions to it.
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6.2.2. The ACL Service

For the measured hours of the measured exercises, the following table shows:

• the total number of orders (clearances and instructions) that were uplinked,

• the total number of Wilco, Standby, and Unable responses that were received by the
ground system in response to those uplinked orders, and

• the total number of times an uplinked order timed out as a function of the traffic level, the
level of datalink equipage, and the organisation.

Table 10:  Number of uplinked orders, downlinked responses and displayed NO REPLY messages

Traffic
level

Level of
datalink

equipage
Organi-
sation Uplinks Wilco Standby Unable Wilco +

Unable
Time-
outs

120% 50% A 153 150 5 2 152 1

120% 75% A 208 199 9 1 200 6

120% 95% A 295 276 3 8 284 7

140% 50% A 146 138 7 1 139 5

140% 75% A 262 245 11 4 249 11

140% 95% A 306 293 9 1 295 9

140% 95% B 298 283 8 3 286 6

140% 95% C 435 417 13 3 420 10

Total 2103 2001 65 23 2024 55

The number of uplinked orders, downlinked responses, and displayed NO REPLY messages as a
function of traffic level, level of datalink equipage, and organisation.

Of the 2103 orders uplinked during the measured hours of the exercises, 2024 were replied to
within the measured hour with either Wilco (with or without a Standby response first) or Unable.
A further 55 of the uplinked orders timed out (i.e. a "NO REPLY" message was displayed to the
controllers).  The responses for the remaining 24 uplinked orders were undoubtedly received on
the ground after the end of the measured hour and so have not been taken account of in the other
figures.  (Also, on occasions, an order was uplinked just before the start of the measured hour and
so has not been taken account of even though the corresponding response has.)

55 timed-out uplinked orders out of a total of 2079 messages that either timed-out or were replied
to with Wilco or Unable represents 2.6%.  These 55 orders included:

1. those orders that were lost on their way to the aircraft (which was approximately 0.5%);

2. those orders that arrived at their destinations and for which a response was transmitted
that was lost on its way to the ground (again approximately 0.5%); and

3. those orders that arrived at their destinations and that were not replied to.

Figure 15 shows the number of uplinked orders, downlinked Wilco, Standby, and Unable
responses, and displayed "NO REPLY" messages as a function of exercise for the exercises with
a traffic level of 120% and a level of datalink equipage of 95% for Org. A.
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Figure 15:  Number of uplinked orders, downlinked responses  and displayed NO REPLY messages -
120% traffic samples with 95% datalink equipage in Org. A

The number of uplinked orders, downlinked responses, and displayed NO REPLY messages as a
function of exercise for the 120% traffic samples with 95% datalink equipage in Org. A.

It is evident that the three teams of controllers behaved differently, the first team uplinking twice as
many orders as the third team for the same levels of traffic and datalink equipage.  (This particular
combination of traffic level and level of datalink equipage was selected for no particular reason.
Any other combinations would have shown the same sort of variation between teams.)

Figure 16 shows the variation of the average number of uplinked orders, downlinked Wilco,
Standby, and Unable responses, and displayed "NO REPLY" messages as a function the level of
datalink equipage for traffic with a level of 120%.
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Figure 16:  Number of uplinked orders, downlinked responses, and displayed NO REPLY messages -
120% traffic samples in Org. A
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Figure 17:  Number of uplinked orders, downlinked responses, and displayed NO REPLY messages -
140% traffic samples in Org. A

The number of uplinked orders, downlinked responses, and displayed NO REPLY messages as a
function of the level of datalink equipage for the 140% traffic samples in Org. A.

It is clear that, as expected, the average number of orders that were uplinked per exercise
increased as the level of datalink equipage increased for the both the 120% and 140% traffic
samples.  What is more surprising is that the average number of orders uplinked was about the
same for the 120% and 140% traffic samples.

Figure 18 shows the variation of the average number of uplinked orders, downlinked Wilco,
Standby, and Unable responses, and displayed "NO REPLY" messages as a function of
organisation at a traffic level of 140% and a level of datalink equipage of 95%.
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Figure 18:  Number of uplinked orders, downlinked responses, and displayed NO REPLY messages -
140% traffic samples with 95% datalink equipage

The number of uplinked orders, downlinked responses, and displayed NO REPLY messages as a
function of organisation for the 140% traffic samples with 95% datalink equipage.
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Figure 19:  Average number of uplinked orders as a function of the level of datalink equipage for various
combinations of traffic level, sector, and controller role in Org. A

For the 120% traffic samples, the number of uplinked orders from both the TCs of the SE sector
(yellow) and the SW sector (red) were about the same for each level of datalink equipage.  The
same can be said for the PCs of the SE sector (green) and the SW sector (blue) for the 140%
traffic samples.  In both of these cases, more orders were uplinked when 75% of the aircraft were
datalink-equipped than when either 50% or 95% were.

The TCs uplinked the majority of the orders; this was consistent with the working method.
However, when the traffic level was 120% and the level of datalink equipage was 95%, on
average, the TCs and PCs issued the same number of orders.  Figure 20 below shows the number
of orders uplinked by the PCs and TCs of the SW sector during individual exercises (indicated by
the dots), and their average value (indicated by the bars), for a traffic level of 120% and a level of
datalink equipage of 95% in Org A.  The uncharacteristic result mentioned above was caused by
the average number of orders given by the PC being biased by the high number of orders given
during one exercise.  This number is marked by the red dot in Figure 20.  Once again, we see that
the variation in the individual behaviour of the controllers was as great, if not greater, than any
differences due to different experimental conditions.
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Figure 20:  Variation of the number of instructions uplinked SW sector -
120% traffic samples with 95% datalink equipage in Org. A
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The variation of the number of instructions uplinked during individual exercises (indicated by the
dots), and their average value (indicated by the bars), as reported at the PC and TC positions of
the SW sector for the 120% traffic samples with 95% datalink equipage in Org. A.

Figure 21 shows the average number of orders uplinked per exercise by the PCs and TCs as a
function of the type of order.  On average, Direct orders were sent the most by datalink (an
average of 23.1 messages per exercise), followed by Descent (9.5), Heading (4.1), Climb (2.8),
Rate of Climb/Descent (0.7), and Speed (0.6) orders.

3.7

0.5 0.9 0.4 0.2 0.1

19.6

9.0

3.2
2.4

0.5 0.4
0

5

10

15

20

25

Direct Descent Heading Climb ROC/ROD Speed

Type of order

Av
er

ag
e 

nu
m

be
r o

f o
rd

er
s 

gi
ve

n 
by

 D
L

PC
TC

Figure 21:  The average number of orders uplinked per exercise as a function of the type of order

The data in Figure 21 can be re-plotted to show, for each type of order, the percentage of the total
number of that type of order issued by datalink by the TCs and the PCs.  The result is Figure 22. It
can be seen that the TCs sent about 95% of the Level orders (both Climb and Descent) whereas
they sent only 64% of the Rate of Climb/Descent orders.

19.6
9.0

3.2
2.4

0.5
0.4

3.7
0.5

0.9
0.4

0.2
0.1

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Direct Descent Heading Climb ROC/ROD Speed

Type of order

Re
la

tiv
e 

nu
m

be
rs

 o
f o

rd
er

s 
gi

ve
n 

by
 D

L

PC
TC

Figure 22:  The average number and percentage of each type of order
given by the TCs and the PCs per exercise



EUROCONTROL DOVE-1 Real-Time Simulation

40 Project AGC-Z-DO - EEC Report No. 383

The TCs allowed the PCs to deal with some (approximately 15%) of the Direct instructions
because, usually, a co-ordination process was triggered with the next sector.  This co-ordination
task was nominally allocated to the PC.

Both the TCs and the PCs treated downlink requests.  Some of the TCs preferred to deal with the
downlinked pilot requests in order to maintain their situational awareness.  Generally, when the PC
responded to a downlinked pilot request, he/she first informed the TC.

Sometimes in a team, only the PC managed the co-ordination.  In a few of the teams, however, the
PC was fully responsible for resolving problems from the moment that the sector exit flight level of
an aircraft was co-ordinated with the next sector (i.e. at the moment that the XFL was input)
through to the moment that the aircraft was cleared by datalink to that flight level.  For such a
partition of tasks to be safe, the TC must be fully aware of what his/her PC is doing.

6.2.3. Ground-Ground Co-ordination

Figure 23 shows the percentage of PCs and TCs that reported having performed ground-ground
co-ordination as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 23:  Variation of the percentage of PCs and TCs having performed ground-ground co-ordination -
120% traffic samples in Org. A

The variation of the percentage of PCs and TCs that reported having performed ground-ground co-
ordination as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 24:  Variation of the percentage of PCs and TCs having performed ground-ground co-ordination -
140% traffic samples in Org. A

The variation of the percentage of PCs and TCs that reported having performed ground-ground co-
ordination as a function of the level of datalink equipage for the 140% traffic samples in Org. A.

At both levels of traffic, it is clear that the PCs were almost always solely responsible for ground-
ground co-ordination.  Sometimes, however, the TCs also performed ground-ground co-ordination.

Figure 25 shows the percentage of PCs and TCs that reported having performed ground-ground
co-ordination as a function of organisation (Org A - without turbulence, Org C - with turbulence) for
the 140% traffic samples with 95% datalink equipage.
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Figure 25:  Variation of the percentage of PCs and TCs having performed ground-ground co-ordination -
140% traffic samples with 95% datalink equipage

The variation of the percentage of PCs and TCs that reported having performed ground-ground co-
ordination as a function of organisation (A – without turbulence, C – with turbulence) for the 140%
traffic samples with 95% datalink equipage.

Some of the TCs were in part responsible for ground-ground co-ordination when turbulence was
being displayed to the controllers.
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In the DOVE-1 RTS, when a co-ordination process was concluded with an adjacent sector, the
relevant clearance was automatically uplinked to the aircraft.  Because the system had this
behaviour, separate fields were not provided in the label to enable a controller independently both
to perform ground-ground co-ordination and to uplink the relevant clearance.  But the participants
identified serious problems with the procedure as it was implemented.  They required that the
initiation of the two processes be separated; the reason for this requirement was that the time
needed for the co-ordination process to be terminated could affect the validity of the clearance
and/or its optimal delivery time.

All the PCs solved some problems by sending Direct instructions by datalink.  Although often there
was no impact for the TC, on occasions such a solution provoked another conflict for the TC.

6.2.4. Risk of Conflict and Conflict Resolution

Again, it was observed that responsibility for problem resolution was not always clear.  The PCs
could resolve problems themselves only if they ensured that their TCs were fully aware of what
they were actually doing.

Each sector team should define how tasks are shared between the TC and the PC (with possible
variations for busy periods of traffic for example).  The participants reported that any change in
how tasks are shared should occur only after clear delegation within the team.

Nowadays, one of the conditions for safe and efficient teamwork is that the PC and TC have a
common resolution strategy.  But, in the case of different resolution strategies, the risks to safety
are minimised in the non-datalink environment because the PCs and TCs intervene in sequence
and only the TC issues instructions to the aircraft.  The TC can always change the sector exit
conditions if he/she has a different way to solve a conflict on exit.

The participants reported that the use of the datalink for passing instructions to implement a
solution to a predicted conflict was only suitable provided that they were certain that the conflict
would be solved in sufficient time.

Figure 26 shows the percentage of PCs and TCs that reported having solved conflicts as a function
of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 26:  Variation of the percentage of PCs and TCs having performed conflict resolution -
120% traffic samples in Org. A
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Figure 27:  Variation of the percentage of PCs and TCs having performed conflict resolution -
140% traffic samples in Org. A

The variation of the percentage of PCs and TCs that reported having performed conflict resolution
as a function of the level of datalink equipage for the 140% traffic samples in Org. A.

It is clear that it was primarily the TCs that solved conflicts.  Nevertheless, as the level of traffic
increased from 120% to 140%, more PCs solved conflicts, the most being involved in conflict
resolution when 95% of the aircraft were datalink equipped.  This trend indicates that the greater
the level of datalink equipage, the greater the possibility for the PC to solve problems by sending
clearances by datalink.  The disadvantage is that there is a greater opportunity for the TCs and
PCs to have conflicting problem resolution strategies if they do not co-operate well.

(There were also some sectors in some of the exercises when neither the TC nor the PC reported
that they were responsible for conflict solution.  For example, we see that, for the three exercises
with a traffic level of 120% and a level of datalink equipage of 75%, four of the six TCs (i.e. 67% of
the TCs) said they were responsible for resolving conflicts.  But no PC reported being responsible
for resolving conflicts and so we have two sectors during the three exercises where neither the TC
nor the PC reported being responsible for resolving conflicts!

Datalink-equipped aircraft were not treated differently from non-equipped aircraft (in the sense that
the TCs did not give specific priority to either datalink-equipped or non-equipped aircraft).  From
the participants' point of view, the only differences between the two types of aircraft were that, for a
datalink-equipped aircraft:

• more anticipation was needed to send instructions by datalink and so the datalink was
used only when time permitted it, and

• downlinked requests could be received that could be processed only when time
permitted.

The DOVE-1 RTS participants confirmed that the R/T was the preferred channel with which to
deliver instructions whose execution was required within a delay of about two minutes.  (The
participants considered that any instruction that needed to be executed within a delay of two
minutes was time-critical.  If more time could elapse before an instruction had to be executed, it
was considered to be non-time-critical.)  Initially, however, even though the participants were
recommended to use the datalink for non-time-critical instructions only, those participants that were
inexperienced in the use of the datalink used it in the same manner as the R/T channel, expecting
an immediate response.  Quickly though, with the support of the other participants, these
participants got used to using the datalink for non-time-critical instructions only.
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Some of the participants also experienced that an action that was not time-critical could become
time-critical.  There was at least one example where a TC uplinked an order to a pilot but, before
the pilot could respond, the controller had to pass the order via the R/T because it had become
time-critical.  This implies that, in the case of a need to revert to voice, it should be possible to
make inputs to update the system as quickly as possible.  For datalink-equipped aircraft, the
procedure to update the system in the case of a clearance made by voice must be as quick as the
procedure for non-equipped aircraft.

The PCs were responsible for the transfer of datalink-equipped aircraft in all three organisations; all
of the participants experimented with this working method.  The shifting of this task from the TC to
the PC resulted in a more balanced division of workload between the PCs and the TCs.  There
were some safety issues with this way of working, however, and, even by the end of the simulation,
some of the teams had not developed a safe working method.  The new working method
essentially relied on good teamwork and an awareness of each other's situation.  Benefits, in terms
of reduced workloads and increased safety, had been expected for the TCs.

In the next section, first the observed benefits for the TCs are reported and then the potential
benefits and limitations of the potential re-distribution of tasks between the TC and the PC are
discussed.

6.2.5. Controller Tasks

With the introduction of datalink, there was an opportunity to modify the partition of tasks between
the TC and PC of a sector team.

The impact on controllers of the use of the datalink was investigated regarding:

• the delivery of, and response to, controllers' instructions;

• the monitoring of the conformance of the behaviour of aircraft with respect to their active
clearances;

• the prioritisation of controllers' instructions;

• the prioritisation of pilots' requests;

• the resolution of conflicts;

• the changing of radio frequencies by means of the datalink and the downlinking of the
Monitoring message on first contact;

• the changing of radio frequencies by means of the datalink and the downlinking of the
Monitoring message on first contact;

• the assistance provided to the TCs by the PCs.

6.2.5.1. Controller Instruction Delivery and Response

After their early experience, some of the participants were reluctant to use the datalink for time-
critical messages because it required them to wait for a response.  A controller needed to be
focused on the aircraft label to observe the reply.  One of the participants explained that, with an
instruction delivered by voice, “Even if the aircraft does not execute [the action] immediately,
the clearance has been issued quickly; with R/T you give an instruction and you can move
on.”
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In order to address the longer response time, some participants commented that they would have
liked to have an indication that the Lack message that was sent in response to the receipt of an
uplinked message had been received (instead of just having a "DL ERROR" message when the
Lack message was missing).  By the end of the simulation, however, the participants reported that
they no longer had this requirement.  The notification of the receipt of the Lack message
apparently did not provide the participants with the “cue” for further action that was needed.  Such
a notification may have been more important when the participants were using the datalink for
time-critical messages; once the sent messages were not time-critical, the need diminished.

The availability of an air-ground datalink may reduce the controller workload associated with the
delivery of an instruction because the possibility for ambiguity is reduced.  The mental demand
may also be reduced.  Physical demand, however, is not necessarily reduced; it may be physically
easier to push on a button (or a pedal) and then to speak than to move a mouse to position a
cursor over a field of a label and then to select the desired value, etc.

The participants felt that having to search for datalink responses took time and additional effort.  In
terms of workload management and planning, the most important issue for a controller was to
confirm that an instruction had been executed in order to update his/her predicted scenario.  It was
then another task to monitor the pilot's conformance with the instruction.  The participants noted,
though, that, even when using the R/T, if a pilot did not read an instruction back immediately, the
need to obtain a confirmation from the pilot added extra demand, particularly if the frequency was
busy.  At the start of the simulation, some of the participants would have preferred that feedback
on the status of an uplinked message be provided even faster, even if this meant receiving more
"DL ERROR" messages.  But displaying more "DL ERROR" messages could lead to a saturation
of a controller's field of view.  Further research on this subject is recommended.

Also, in the first days of the simulation, it was not uncommon for a participant that was unfamiliar
with the datalink system - and so was unfamiliar with the amount of time needed to obtain a reply -
to issue an instruction by datalink and then, while a reply had still not been received, revert to voice
to issue the same instruction.  Usually, the pilot just ignored the (earlier) datalink message.  But
this caused a "NO REPLY" message to be displayed eventually that, in turn, provoked additional
workload for the participant, as he/she then had to acknowledge the warning.  As the participants
became more used to the time needed to receive a response to an instruction issued by datalink,
this type of chain of events occurred less frequently.

During the debriefing sessions, some participants also stated that it would be useful if combined
(concatenated) orders could be sent by datalink.  This would, for example, enable a Route
instruction to be sent along with a Flight Level instruction.

Finally, throughout the simulation, the participants continually evolved their working methods.  For
some participants, a rigid partition of tasks, where each controller would know exactly what the
other controller would be responsible for, worked well; for other participants, a more flexible
partition of the tasks could be envisaged.  Indeed, one participant commented: “If the working
method is too rigid, it can be difficult to apply in busy periods."

6.2.5.2. Monitoring Aircraft Conformance with Clearances

It was expected that the task of monitoring whether or not an aircraft was conforming to the
clearance given to it would have been similar for both datalink-equipped and non-equipped aircraft
as, in both cases, the controller had to concentrate on the screen.  Unexpectedly, the participants
reported that datalink-equipped aircraft required a more active scanning process.  Further
investigations are required.
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6.2.5.3. Controller Instruction Prioritisation

In the simulation, the participants had a tendency to deal with datalink-equipped aircraft in the
same manner as they dealt with non-equipped aircraft in the sense that they would issue an
instruction to one aircraft and wait for the response.  Then they would issue an instruction to a
second aircraft and wait for the response.  But the datalink-equipped aircraft could be dealt with in
another manner.  A controller could issue instructions to a number of datalink-equipped aircraft one
after the other (by having dialogues open with several aircraft simultaneously) without waiting for
the first aircraft to respond.

For some participants, the possibility of communicating with several aircraft simultaneously was, in
the words of one of them: "not confusing" even though, as that same participant added, the first
response could be: "the answer from the pilot that is not first in your priorities”.  For other
participants, the possibility of communicating with several aircraft simultaneously could be
confusing and would be used only: “if the traffic situation is not too busy and complex”.  In
practice, it was noted that some PCs uplinked three "Direct" instructions simultaneously.
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7. RESULTS - OBJECTIVE 3 (CONTROLLER-DATALINK INTERFACE)

The third objective of the DOVE-1 RTS was to evaluate how the controllers interacted with the
radar labels and to determine, within the framework of the overall HMI, the suitability of the
information that was displayed in relation to the datalink services provided.

7.1. CONTROLLER-DATALINK INTERFACE

The following paragraphs summarise that part of the HMI that was dedicated to the datalink
functionality that was presented to the DOVE-1 participants.  This functionality was integrated into
the EATCHIP III stripless controller interface (which is more fully described in reference [6]).  The
basis for the HMI of the datalink functionality was:

• the interactive colour-coded aircraft label;

• the single three-button mouse input device; and

• the presentation of messages in the MIW ("Message-In" window) and in the MOW
("Message-Out" window).

7.1.1. Label Indication of Datalink Capability (and Transfer Sequence)

From a few minutes before an aircraft enters a particular sector until the moment that it leaves that
sector, its label on the radar screens of that sector indicated the state it was in with respect to that
sector.  Four states – Advanced Information, Assumed, Concerned, and Unconcerned – could be
recognised in the radar labels.  These states were indicated by the colour of certain items of text
and/or the colour of the frame, if there was one, around the callsign field of the label.  The
association between aircraft status and text/frame colour is indicated in the following table.

Table 11:  Colours used in the aircraft label as a function of aircraft status

Aircraft Status Text/Frame Colour

Advanced Information Blue

Assumed Black

Concerned Burgundy

Unconcerned Grey

Table 12 shows the possible forms of a radar label (as displayed in a particular receiving sector)
for a datalink-equipped aircraft that starts under the control of an adjacent, transferring, sector and
that then has that control transferred to the receiving sector.  The labels are all in the "selected"
format - so the label frame and the callsign text are green.
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Table 12:  The CAP values (displayed in line 4)

Event Example HMI Indication

After the receiving sector
receives the ABI message
with DLIC (including CAP

values) from the
transferring sector.

Selected format with:
• all information, excluding the callsign, in the Non-concerned colour; and
• the CAP values (displayed in line 4).

After the receiving sector
receives the ABI message
with DLIC (including CAP

and CPDLC capability) from
the transferring sector. Selected format with:

• all information, excluding the callsign, in the Non-concerned colour; and
• the frame around the callsign in the Non-concerned colour; and
• the CAP values (displayed in line 4).

After the receiving sector
receives the ACT message

(8 minutes before the
predicted entry of the

aircraft into the sector) with
DLIC (including CAP and

CPDLC capability) from the
transferring sector.

Selected format with:
all information, excluding the callsign, in the Advanced Information
colour;
the frame around the callsign in the Advanced Information colour; and
the CAP values (displayed in line 4).
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Event Example HMI Indication

After the receiving sector
receives the Transfer

message (but before the
receiving sector receives

either the CPDLC authority
message or the Monitoring

message) from the
transferring sector.

In the receiving sector (as shown), selected format with:
the Sector field text in the Assumed colour;
all other information, excluding the callsign, in the Advanced Information
colour;
the frame around the callsign in the Advanced Information colour; and
the CAP values (displayed in line 4).

In the transferring sector, selected format with:
all information, excluding the callsign, in either the Non-concerned colour, if
the aircraft is outside the sector, or the Concerned colour; if the aircraft is
still inside the sector; and
the frame around the callsign in the Non-concerned colour (to show that the
CPDLC is still enabled in the ACC).

After the receiving sector
receives the CPDLC

authority from the
transferring sector. Selected format with:

the Sector field text in the Assumed colour;
all other information, excluding the callsign, in the Advanced Information
colour;
the frame around the callsign in the Assumed colour; and
the CAP values (displayed in line 4).

After the receiving sector
receives the Monitoring

message from the aircraft
(indicating that the aircraft is

on the frequency).
Selected format with:

the Sector field text in the Assumed colour;
all other information, excluding the callsign, in the Advanced Information
colour;
the frame around the callsign in the Assumed colour;
the CAP values (displayed in line 4); and
the "Monitoring" message (displayed in line 0).
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Event Example HMI Indication

After the aircraft has been
assumed by the receiving

sector.
Selected format with:

all information, excluding the callsign, in the Assumed colour;
the frame around the callsign in the Assumed colour; and
the CAP values (displayed in line 4).
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Figure 28 shows the various ways in which a controller can interact with an aircraft label.
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Figure 28:  Overview of the DOVE-1 RTS datalink interface
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7.1.2. Controller Datalink Instructions

In the DOVE-1 RTS, the controllers were able to uplink the following orders via the datalink:

• Climb to <flight level>
• Descent to <flight level>
• Maintain Level <flight level>
• Descent at Vertical Rate <rate in feet per minute>
• Climb at Vertical Rate <rate in feet per minute>
• Proceed Direct to <named point>
• Fly Heading <heading in degrees>
• Increase Speed to <speed in Mach>
• Decrease Speed to <speed in Mach>
• No Speed Restriction

The (pseudo-) pilots had the possibility to respond to an uplinked order by downlinking one of the
following responses:

• Wilco
• Unable
• Standby

A Dialogue Example: A New Cleared Flight Level

There now follows a description of an example of a simple dialogue between a controller and the
system.  The controller wants to issue a new flight level clearance to an aircraft.

1. The controller opens the CFL menu for the aircraft by:

• positioning the cursor over the CFL field of that aircraft's label; and then
• performing a single click with the action button of the mouse.

2. The CFL menu appears.

BAW1234  NS
290    290340

350

BAW1234
CFL

300

330

310
320

290

R/T

Figure 29:  The datalink CFL input menu

3. The controller selects the desired CFL value by positioning the cursor over the
desired value in the menu – e.g. over 350 for FL350 – and then performs a single
click with the action button of the mouse.
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4. The CFL menu disappears and the appropriate datalink message is transmitted to the
aircraft.  (The fact that a datalink message has been transmitted to the aircraft is
indicated by the appearance of a black frame around the new value of the CFL field in
the aircraft label (as indicated in the figure below)).

BAW1234  NS
290    350

Figure 30:  An aircraft label after a CFL of FL350 has been uplinked

5. When the CFL message is received at the aircraft, the pilot can respond by Wilco,
Standby, or Unable, or he/she can ignore the message.  If the pilot responds Wilco,
an appropriate datalink message is transmitted to the ground.  When this message is
received by the ground system, the frame around the CFL field disappears (as
indicated in the figure below).

BAW1234  NS
290   350

Figure 31:  An aircraft label after the pilot has responded Wilco to the uplinked CFL order

If, instead of responding Wilco, the pilot responds Standby, and the relevant downlinked message
is received by the ground system, the frame around the CFL field of the aircraft label turns to white
(as indicated in the figure below).

BAW1234  NS
290   350

Figure 32:  An aircraft label after the pilot has responded Standby to the uplinked CFL order

If, instead of responding either Wilco or Standby, the pilot responds Unable, and the relevant
downlinked message is received by the ground system, a yellow "UNABLE" text message is
displayed above the aircraft label and the frame around the CFL field of the aircraft label turns to
yellow (as indicated in the figure below)

BAW1234  NS
290   350

UNABLE

Figure 33:  An aircraft label after the pilot has responded Unable to the uplinked CFL order
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6. If the pilot fails to respond to the uplinked instruction within a certain length of time (or
if the pilot responds but the downlinked message does not arrive on the ground), a
yellow "NO REPLY" text message is displayed above the aircraft label and the frame
around the CFL field turns to yellow (as indicated in the figure below).

BAW1234  NS
290   350

NO REPLY

Figure 34:  An aircraft label after the pilot has not responded within
sufficient time to the uplinked CFL order

7.1.3. Pilot Datalink Requests

The operational requirements for the PPD service for the DOVE experiments are described in [2].

For the DOVE-1 RTS, the PPD service was limited to downlinking a limited number of aircraft
parameters as well as enabling a pilot to downlink the following requests via the datalink:

• Request Level <flight level>
• Request Direct <named point>

The presence of a request from a particular aircraft was indicated to the controllers by highlighting
the aircraft's callsign by changing its background colour to white (as indicated in the figure below).
The value or point associated with the request, however, was not indicated in the label (so as to
avoid any possible confusion with ground-ground co-ordination) but it was displayed in the
Message–In window.

290   350
BAW1234  NS

Figure 35:  The indication of a downlinked pilot request

From the Message–In window, the controllers could accept the request or reply Unable or
Standby.

In the same manner as for the Message–In window, ground-ground co-ordination messages and
air-ground datalink messages were displayed in the Message–Out window, the two types of
message being displayed in different sub-windows separated by a horizontal (black) line.

MESSAGE OUT

10:13 IT4321    Request direct to  MMD STANDBY

10:14 IBE1259 Cleared FL 350

CHECK MIC

10:15  to  YYY IT4321 Direct to   MMD

Figure 36:  Message–Out window (showing both air-ground and ground-ground messages)
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7.1.4. Display of Preferred Flight Level and Other Flight Level Parameters

For the DOVE-1 RTS, the HMI had the following features:

• the RFL value (as contained in the flight plan) in a flight level menu was indicated by
following the value on the relevant flight level button by the letter "R";

• the PFL value was indicated by the value on the relevant flight level button followed by
the letter "P".  The letters "R" and "P" were never displayed simultaneously on the same
menu; if a preferred value had been downlinked from the aircraft, the letter "P" only was
displayed;

• the current maximum attainable flight level was indicated by following the value on the
relevant flight level button by the letter "M";  If the PFL was the same as the current
maximum attainable flight level, the letter "P" only was displayed;

• the PPD flight level values (i.e. all the flight levels below the current maximum attainable
flight level) were displayed on buttons whose background colour was the PPD colour
(blue).  If a PPD value was also an LOA (Letter of Agreement) value, the background
colour of the button was the LOA background colour (green).
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Figure 37:  The XFL menu with an indication of the range of possible flight levels and LOA values

Figure 37a) shows an XFL menu with LOA values indicated on buttons with a green background
and other PPD values, including the preferred ("P") and current maximum attainable ("M") flight
levels, indicated on buttons with a blue background.

Figure 37b) shows an XFL menu with no LOA values and with the PPD values being displayed on
buttons with a blue background; the requested ("R"), preferred ("P") and current maximum
attainable ("M") flight levels are also indicated.

Note: the PEL/CFL and XFL menus were similar.

In the speed menus, a “P” indicated a downlinked preferred speed.
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7.1.5. Flight Plan Consistency Check

7.1.5.1. FLIPCY-General Description

The purpose of the FLIPCY service was to automatically detect any inconsistencies between the
flight plan activated in an aircraft’s Flight Management System (FMS) and the flight plan used by
ATC (in the FDPS).

For the DOVE-1 RTS, this service was restricted to checking the consistency of the 2-D route
information either just before an aircraft entered the airspace of a new centre or just before an
aircraft took off.

7.1.5.2. FLIPCY-Dialogue

Figure 38 shows how a FLIPCY warning was displayed in a radar label

NORTH

BAW362    AW
270

ROUTE11:20 MARR 330 PTV 330BAW362

ROUTE

Figure 38:  A FLIPCY warning in the radar label

While Figure 39 shows how a FLIPCY warning was displayed in the SIL (Sector Inbound List)
window.  The prepared ACL message indication is also shown in the SIL window.

11:20   BAW362 MARR    330  PTV   330     NSSR ROUTE
11:22     SAS992 MARR    290  PG 330    NSSR
11:28     AFR2211 PARIS    240  PTV 310    NSSR
11:29     IT2244 PARIS    240  PTV    290
11:30      IBE2348 PARIS    240  PTV    290

NORTH

Figure 39:  A FLIPCY warning in the SIL window
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Figure 40 shows the FDPS route (green) and the FMS route (blue).  The controller wanted to
accept the FMS route and so he/she was about to click on the "ACCEPT FMS" item in the menu.

BAW362    AW
270

BAW362
FLIPCY

ACCEPT FMS
REJECTFMS

CANCEL

VES - TAL - ALS

11:32 AW  270 KOR ROUTEBAW362

ROUTE

Figure 40:  The inconsistency between the FDPS route (green) and the FMS route (blue)
and acceptance of the FMS route

After having accepted the FMS route, the new FDPS route was displayed for 5 seconds, as shown
in Figure 41.  (Note: the length of time for which the new route was displayed could be varied.
Also, the dynamic flight leg started from the aircraft's current position because the aircraft was
already in the sector.)
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11:32 AW 270 KORBAW362

Figure 41:  The newly accepted FMS route is displayed for 5 seconds



EUROCONTROL DOVE-1 Real-Time Simulation

58 Project AGC-Z-DO - EEC Report No. 383

If the controller had wanted to reject the FMS route, he/she would have clicked on the "REJECT
FMS" item in the menu (as indicated in Figure 42).

BAW362    AW
270

ROUTE

BAW362
FLIPCY

ACCEPT FMS
REJECTFMS

CANCEL

VES - TAL - ALS

11:32 AW  270 KOR ROUTEBAW362

Figure 42:  The inconsistency between the FDPS route (green) and the FMS
route (blue) and rejection of the FMS route

After having rejected the FMS route, and, consequently, after having accepted the FDPS route, the
existing FDPS route was displayed for 5 seconds (as shown in Figure 43).
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11:32 AW 270 KORBAW362

Figure 43:  The newly accepted FDPS route is displayed for 5 seconds

If the FDPS route is changed after a co-ordination with the previous sector, the prepared Route
message is no longer valid.  A FLIPCY validity warning is displayed in the radar label and in the
SIL window (as shown in Figure 44).
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Figure 44:  A FLIPCY validity warning displayed in the radar label and in the SIL window

The prepared Route message is transmitted as soon as the aircraft is assumed.  Until the pilot
responds Wilco, both the FMS and FDPS routes are displayed on the radar screen (as can be
seen in Figure 45).

BAW362    AW
270
RTE

����������������������������������������������������������������������������
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��
��

�
�
�

VES - TAL - ALS

Route ACL message is transmitted as soon as the A/C is assumed.

Both FMS and FDPS Route displayed 
as long as the A/C does not reply “WILCO”.

Figure 45:  The FDPS route is uplinked when the aircraft is assumed

7.1.6. Datalink Error Display

If, within a specified period of time after uplinking a datalink message, the ground system had not
received a Lack message from the destination aircraft, the occurrence of a datalink error was
signalled to the controllers.  This involved displaying a yellow "DL ERROR" text message above
the aircraft label and turning the frame around the relevant field to yellow (as indicated in the figure
below where the CFL field is the relevant field because it was a Level order that had been
uplinked).

BAW1234  NS
290   350

DL ERROR

Figure 46:  The indication of a datalink error (no Lack received)
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7.2. CONTROLLER DATALINK INTERFACE RESULTS

The controller interface was evaluated after examining data collected from several sources,
including controller responses to questionnaires, controller comments made during simulation
debriefings, and observations of the actual use of the interface.

7.2.1. General Results

All the participants thought that the general logic of the air-ground datalink HMI (the frame around
the callsign, the numbers, etc.) was easy to understand.

Statement Agree Undecided/No opinion Disagree No reply

The general logic of datalink HMI
i.e. display and input dialogue
(framing of callsign, numbers) was
easy to understand.

7 0 0 0

It was stated that the HMI design is critical: “It's important to have a simple HMI because in a
DL environment all the instructions are given through the HMI.”

Figure 47 shows the reported levels of HMI problems3 during individual exercises (the dots, red
ones for the SW sector and green ones for the SE sector), and their average value (the bars), for
the PCs and the TCs as a function of the level of datalink equipage for the 120% traffic samples in
Org. A.
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Figure 47:  Variation of the levels of problems with the HMI - SE and SW sectors - 120% traffic samples in Org. A

The variation of the levels of problems with the HMI during individual exercises (indicated by the
dots), and their average value (indicated by the bars), as reported at the PC and TC positions of
the SE and SW sectors as a function of the level of datalink equipage for the 120% traffic samples
in Org. A.

                                                
3 We asked the participants “How great a part did problems with the HMI (a sticking mouse, slow response time, label overlapping, etc.) play in your

overall workload during the exercise?” The participants responded by ticking one of ten boxes labelled from 1 (Very low) to 10 (Very high).
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Figure 48:  Variation of the levels of problems with the HMI - SE and SW sectors -
140% traffic samples in Org. A

The variation of the levels of problems with the HMI during individual exercises (indicated by the
dots), and their average value (indicated by the bars), as reported at the PC and TC positions of
the SE and SW sectors as a function of the level of datalink equipage for the 140% traffic samples
in Org. A.

As usual, it can be seen that there was a large amount of variation in the reported levels.  Even in
the case with the least amount of variation (such as when the traffic level was 120% and the level
of datalink equipage was 95%), the range of the reported levels of HMI problem was much greater
(in this case 4) than any difference that could be attributed to the different conditions.

In the next section, the statements about, and requirements for, the HMI as made by the DOVE-1
RTS participants are discussed.

7.2.2. Confusion Over Aircraft Datalink Equipage

That datalink services were available  for an aircraft was indicated in the DOVE-1 HMI by means of
a frame around the aircraft's callsign.  When a high percentage of all aircraft are datalink equipped,
such a feature could possibly make the screen look cluttered.  Also, from a human factor
perspective, at high levels of datalink equipage, it should be the non-equipped aircraft that are
indicated by an additional feature in the HMI to make them distinct.  Consequently, we expected
that the controllers might have had some difficulty in recognising non-equipped aircraft in those
runs where the traffic sample had a high level of datalink equipage.  But, only one of the
participants reported finding it easier to distinguish non-equipped aircraft from datalink-equipped
aircraft when the percentage of datalink-equipped aircraft in the traffic sample was 50 % than when
it was 75%.

Statement Agree Undecided/No opinion Disagree No reply

It was easier to distinguish non-
equipped aircraft from datalink-
equipped aircraft in the 50%
datalink traffic than in the 75%
datalink traffic.

1 0 6 0
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Generally, the participants felt that there was no significant problem in differentiating between
datalink-equipped and non-equipped aircraft.  Even so, on at least one occasion, a TC processed a
non-equipped aircraft as if it were a datalink-equipped aircraft.  Initially, the action required of the
aircraft in question was not time-critical - which is why the controller considered uplinking the
clearance - but it became time-critical.  Since the clearance had not been uplinked, the TC had to
revert to voice.  The fact that such a situation arose at least once indicates that there is a possible
safety issue that has to be investigated in the future.

Feedback in the DOVE-1 HMI concerning datalink inputs was provided by displaying a frame
around the field concerned - the next sector field for transfers or the relevant field for issued
clearances.  On a few occasions, a controller thought he/she had sent a datalink instruction to an
aircraft when, in fact, he/she had interacted with a non-equipped aircraft.  So, it is possible that,
when the percentage of datalink-equipped aircraft was very high, the addition of a frame around a
field was not a strong enough indication that a datalink clearance had been issued.  As there is a
possible safety issue here, further investigations should be carried out.

7.2.3. The ACM Service

Five of the participants thought that the response times for ATC communications management
(ACM) was not a problem.

Statement Agree Undecided/No opinion Disagree No reply

The response times for uplink
transfer (ACM) were not a problem. 5 2 0 0

7.2.3.1. Transfer by datalink

All of the DOVE-1 RTS participants thought that having an indication of the state of the CPDLC
connection for an aircraft that had been transferred to, but not yet accepted by, the next sector was
useful.

Statement Agree Undecided/No opinion Disagree No reply

The state of the CPDLC connection
for a "Transfer-Out" aircraft was not
useful.

0 0 7 0

The participants did not like the EATCHIP HMI design for this indication (i.e. the frame around the
callsign).  They would have liked to have the frame removed.  Nevertheless, in the DOVE-1 RTS,
the callsign frame was retained on the basis that, once the CPDLC authority had been
relinquished, if the frame had been removed, there would have been a risk of confusion for both
the TC and the PC over the aircraft's status and their responsibilities and, consequently, extra
workload.  This confusion could have arisen as follows: in the case where a datalink-equipped
aircraft is transferred by the PC, if the frame surrounding the callsign is subsequently removed, the
aircraft then appears on the screen as a non-datalink aircraft.  So, if the grey frame were to be
removed, the TC could now identify this aircraft as a non-datalink aircraft for which he/she has not
issued a voice contact instruction. Figure 49 below shows a situation with a transferred datalink-
equipped aircraft (e.g. MAS91), represented by a burgundy label with a grey frame, and a
transferred non-equipped aircraft (e.g. AZA1586), represented by a burgundy label without a grey
frame.
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Figure 49:  A transferred datalink-equipped aircraft (MAS91) and
a transferred non-equipped aircraft (AZA1586)

7.2.3.2. “First Call” by Datalink

The downlinking of a datalink Monitoring message to indicate that the pilot of a datalink-equipped
aircraft was listening on the sector frequency had other benefits.  First, the controllers could be
aware that a datalink-equipped aircraft was monitoring the frequency (even before a voice call, if
this was made).  Second, the sending of the ground-ground Assume Control message to the
previous sector was linked to a single click on the "MONITORING" text, an action that also
removed that text.  That is to say one input fewer was needed for datalink-equipped aircraft than
for non-equipped aircraft; also, the "MONITORING" text was easier to access than the NS (Next
Sector) field.

Five of the participants thought that the MONITORING text message was useful.

Statement Agree Undecided/No opinion Disagree No reply

The "MONITORING" message was
not useful. 2 0 5 0

One participant raised a point that possibly indicates a safety issue: “However, sometimes,
especially in high traffic situations, the controller becomes complacent i.e. he assumes an
aircraft by a simple click on 'MONITORING'.  The controller does not process this
information (in his brain).  Thus, if assumed aircraft are in conflict, he may not realise this.”
This problem should be investigated further.

7.2.3.3. Datalinked Transfer Failure

Only four of the participants thought that the way to overcome a datalink transfer error was
acceptable.

Statement Agree Undecided/No opinion Disagree No reply

The way to overcome a datalink
transfer error was acceptable. 4 1 1 1

Yet the required dialogue was the same as for any other CPDLC input.  To revert to voice, an
additional R/T button had to be clicked on.
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Four of the participants also thought that a datalink-equipped aircraft without a CPDLC that was in
a state where it could be assumed (i.e. after having been transferred by the previous sector)
should appear as a non-equipped aircraft.

Statement Agree Undecided/No opinion Disagree No reply

A datalink-equipped aircraft without
a CPDLC connection, when it is
assumable should appear as a non-
equipped aircraft.

4 1 2 0

One participant proposed removing the frame altogether: “Sometimes it [the frame] can be
confusing and why do we need [a] presentation if the CPDLC is useless? It is better to
appear as a non-equipped aircraft.”  This would possibly be acceptable if the CPDLC service
was the only datalink service.  But this is not the case.  For example, even when the CPDLC is out
of order, an ADAP service (such as a CAP service) may be still functioning.

When the transfer of datalink authority had not been carried out successfully (due to, for example,
a technical fault), an assumed aircraft was then presented to the controllers by means of a label
with black text and with a blue frame around the callsign.  (See Figure 50.)  As it was difficult to
distinguish between blue and black frames, some controllers tried (unsuccessfully) to uplink
messages to aircraft for which they did not have the datalink authority.

Figure 50:  An assumed datalink-equipped aircraft with a CPDLC connection (AZA065) and an
assumed datalink-equipped aircraft with no CPDLC connection (DAH1124)

The same issue appeared for the transferring controllers.  When the transfer of CPDLC authority
had not been successfully carried out, the black frame around the callsign was maintained
although the controllers no longer had control authority for the aircraft.  (See Figure 51.)

Figure 51:  A non-concerned aircraft with a failed CPDLC transfer (AEL5175)
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If the transferring controller has no possibility to re-do the transfer of CPDLC authority, the callsign
frame should be maintained (to indicate that the aircraft is datalink-equipped) but the colour of the
frame should be changed (perhaps to grey) to indicate that the CPDLC connection no longer
exists.

In a receiving sector, it is necessary to ensure that the callsign frames are not confused.  One
possible solution could be to increase the frame thickness in one case.  However, in the absence
of a way to re-launch the CPDLC connection, this solution could be too "strong".  A grey frame
around the callsign could also indicate the loss of the CPDLC connection, so that the aircraft is not
mistaken for a non-equipped aircraft; such a solution, although it is "weaker" than the previous one,
should still be distinct enough to enable a datalink-equipped aircraft with a CPDLC connection to
be differentiated from one without a CPDLC connection.  Further investigations are required.

Also, an investigation needs to be done to determine how controllers are to be informed about the
functioning of an ADAP service and what means should be used to recover from a failed transfer of
CPDLC authority.  A new HMI design must be developed but removing the frame from around the
callsign is not acceptable.

7.2.4. The ACL Service

Participant opinion was divided about whether the response times for uplinked clearances were a
problem or not.

Statement Agree Undecided/No opinion Disagree No reply

The response times for uplink
clearances (ACL) were not a
problem.

3 3 1 0

One controller commented that: “We spent a lot of time for lag and according to me the total
time from issuing an instruction to receiving a reply (including all lag times) should not be
longer than 5-6 seconds."

Most of time, we observed that the controllers used the datalink for non-time-critical clearances.

7.2.4.1. Silent Wilco

Six of the participants thought that the silent Wilco did not make the traffic picture difficult to
maintain for the TCs.

Statement Agree Undecided/No opinion Disagree No reply

As TC, the silent WILCO made the
picture of the traffic not easy to
maintain.

0 1 6 0

One participant, however, commented that: “In a busy environment you can not wait for the
pilot to respond; you have to pay attention to some other traffic and afterwards you forget
to check the first one's answer”.
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Six of the participants also thought that the silent Wilco did not make the traffic picture difficult to
maintain for the PCs.

Statement Agree Undecided/No opinion Disagree No reply

As PC, the silent WILCO made the
picture less easy to maintain. 1 0 6 0

As one controller commented: “For the PC, it is not harder to maintain a clear picture with the
silent WILCO”.  No doubt this is because a PC has more time to monitor for a response.

It should be noted that the pertinence of silent Wilco was not evaluated in a situation where the
controllers could have found it difficult to follow the response since the DOVE-1 RTS participants
rarely performed simultaneous uplinks.

7.2.4.2. Error Recovery Procedure

Five of the participants thought that the number of datalink errors was acceptable.

Statement Agree Undecided/No opinion Disagree No reply

The number of datalink errors was
unacceptable. 1 1 5 0

The participants' opinions differed about whether the delay before receiving a "DL ERROR"
message was too long or not.

Statement Agree Undecided/No opinion Disagree No reply

The delay before receiving a "DL
ERROR" message was too long. 3 1 3 0

The majority of the participants thought that the error messages pointed out what had gone wrong.

Statement Agree Undecided/No opinion Disagree No reply

The error messages (i.e. DL
ERROR) pointed out what had gone
wrong.

5 1 1 0

and six controllers thought that the way to recover from a datalink error was easy.

Statement Agree Undecided/No opinion Disagree No reply

The way to recover a datalink error
was easy. 6 0 1 0

One participant commented that “it was enough to have the yellow box around the field.  The
type of error wasn't important for me because the way to solve it was the same.” Another
participant even commented that "D/L Error and No Reply mean the same to me”.
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On the whole, the participants would not have liked to see every Lack message displayed

Statement Agree Undecided/No opinion Disagree No reply

Displaying every LACK message
would be preferable. 1 1 4 1

Indeed, during the final debriefing session, all the participants agreed that it would be preferable to
display a warning only when a Lack message was not received rather than to display a message
every time that a Lack message was received.

7.2.4.3. No reply

The majority of participants thought that the delay before displaying a "NO REPLY" message was
too long. 

Statement Agree Undecided/No opinion Disagree No reply

The delay before receiving a "NO
REPLY" message was too long. 6 1 0 0

A proposal was made to reduce the length of time of the interval before a "NO REPLY" message
would be displayed to between 30 and 40 seconds.  One participant commented: “Pilots can
answer within 30 seconds; if they have to check something before answering they can use
the option Standby”.

Only three of the participants thought that what they had to do after a "NO REPLY" message had
been displayed was clear and easy to accomplish.

Statement Agree Undecided/No opinion Disagree No reply

The way to overcome a "NO
REPLY" was easy to accomplish. 3 3 1 0

The main reason for this disagreement was the length of the HMI dialogue. The participants felt
that, after the display of a "NO REPLY" message, the procedure to be followed to input the R/T
clearance without re-selecting the cleared value should be shorter.  With the provision of a two-
column menu (as has been proposed for the DOVE-2 RTS), this R/T procedure could be shortened
(i.e. a single click of the Action Button (on the field) followed by single click of the Action Button on
a value in the R/T column).

Some of the participants proposed an even shorter dialogue, such as a single click with the Action
Button on the "NO REPLY" message.  However, as several datalink clearances could be sent
simultaneously to a particular aircraft, a "NO REPLY" message could be displayed on a label in
response to any of them.
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Consequently, such a short cut would not possible from the radar label.  It would, however, be
possible from the Message-In window, where each response is displayed individually.

Figure 52:  An aircraft label after the pilot has not responded to
an uplinked descent clearance to FL330

Although none of the DOVE-1 participants requested a procedure for removing a "NO REPLY"
message from an aircraft label, there was at least one situation where this would have been useful.
If a controller made an incorrect datalink input and subsequently issued a corrective clearance by
voice, the pilot probably ignored the datalink message when he/she received it.  Eventually, a "NO
REPLY" message would be displayed for that aircraft.  Now, the standard procedure to be followed
when a "NO REPLY" message was displayed was for the TC to revert to voice to confirm the
clearance.  In the exceptional case where a controller wanted to annul a clearance sent by
datalink, it could have been useful if the "NO REPLY" message could have been deleted by means
of a single click on it with the Information button (as for any other procedure to remove a
message).

There was little confusion amongst participants about the difference between no response
[indicated by a "NO REPLY" message] and a datalink error [indicated by a "DL ERROR"
message].  The procedure that was applied during the simulation was for the TCs to revert to voice
and confirm the clearance, rather than perform the datalink input again.  Following either case,
however, a situation of uncertainty would have existed as the pilot may, or may not, have agreed to
the clearance.  In the case of a datalink error, either the aircraft did not receive the clearance
message, so there never was a Lack message, or the clearance was received but the returning
Lack message was lost.  In the case of no response, either the pilot responded to the clearance
but the response message was lost or the pilot did not respond.  The HMI must support recovery in
both situations.

7.2.4.4. Standby

The participants had differing opinions as to whether the time needed to receive a response (a
Wilco, an Unable, or a Standby) to an uplinked order was often too long.

Statement Agree Undecided/No opinion Disagree No reply

The time to receive a response to
an uplink was often too long (for
WILCO, UNABLE, STANDBY).

3 1 2 1

Most of the participants thought that there was no ambiguity between the indications of a downlink
request that a controller had replied to with Standby (a white frame around the callsign) and an
uplinked order that the pilot had replied to with Standby (a white frame around the proposed data).
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Statement Agree Undecided/No opinion Disagree No reply

There was no ambiguity between a
downlink request with STANDBY
input by the ATCO (white frame
around the callsign) and an uplink
clearance with STANDBY input by
the pilot (white frame around the
data proposed).

5 2 0 0

On the other hand, four participants thought that there was an ambiguity between a Standby
response by datalink from a pilot and ground-ground co-ordination messages to or from other
sectors.

Statement Agree Undecided/No opinion Disagree No reply

There was ambiguity between a
datalink Standby from the pilot and
ground-ground co-ordination
messages to/from other sectors.

0 3 4 0

7.2.4.5. De-activation of datalink

The participants said that they required a way to temporarily de-activate the datalink input.  Some
of the reasoning behind this was the work-intensive method of inputting R/T clearances during
busy periods.  The objective of this new requirement should be re-evaluated.

7.2.4.6. Reducing the Number of Required Inputs for Voiced Clearances

As expected, the participants looked for a means to reduce the number of inputs required to
update the system when they needed to revert to voice.  They felt this was especially important
when they issued a clearance at the same time as they assumed or transferred an aircraft or when
they issued multiple clearances (for example, a Level order and a Rate of Climb/Descent
clearance).
The system update dialogue for issuing an R/T clearance following the failure of a datalink
communication must be shortened.  Figure 53 shows an example of a menu where the R/T button
had to be selected first if a voice clearance was required.

WPT2
WPT1

WPT3

WPT5

WPT4

WPT7

BAW1234
WPT

R/T

WPT6

REJECT
PHONE

Figure 53:  The 2D-route menu for a datalink-equipped aircraft
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After the failure of an individual datalink-communication message, the requirement to select the
R/T button in order to update the system without sending another ACL message was a burden.
This extra workload was time-consuming, and the delay could have lead to clearances that had
been initiated in sufficient time becoming time-critical.

Moreover, as the datalink-equipped fleet continues to grow, the requirement will be to
accommodate datalink actions by the controllers more easily.  Both PCs and TCs must also be
able to update the system quickly and efficiently, even allowing for the fact that datalink inputs are
not intended for time-critical situations.

In terms of the HMI, shortening the dialogue for the R/T clearance does not necessarily mean that
the default must be either to R/T or to datalink only.  Given the way that the provision of datalink
has enabled planning and tactical tasks to be shared, a solution could be to shorten the datalink
clearance input for the PC and, at the same time, to shorten the R/T clearance input for the TC.
Such a solution, however, would contradict the current EATMP generic HMI policy that
recommends the standardisation of the two CWPs.  It could also limit the flexibility of the working
method and the partitioning of tasks between the PC and TC with mixed traffic.

7.2.4.7. Pilot Downlink Requests

More than half of the DOVE-1 RTS participants thought that the display of ground/ground
communications (SYSCO) and air/ground communications in the Message–In and Message–Out
windows was not confusing.  One participant who disagreed commented that “Sometimes I was
not sure if the message was issued by the pilot or by the next sector and also if the
message is received in a different way”.

Statement Agree Undecided/No opinion Disagree No reply

It was confusing to have ground-
ground communication (SYSCO)
and air-ground communication in
the Message-In/Message-Out
windows.

1 2 4 0

A majority of the participants found the display of pilot requests in the Message–In window only
(and not in the radar label as well) to be adequate.

Statement Agree Undecided/No opinion Disagree No reply

The display of the pilot requests
within the Message-In window only
was not adequate.

1 1 5 0

But, as one participant did not find this adequate, an HMI improvement is required.

It was possible for a controller to confuse a downlinked request in the radar label (indicated by the
background colour of the callsign being white) and an incoming ground/ground co-ordination
request (indicated by the background colour of the relevant data field being white) specifically if
these events were simultaneous.  As there is no evidence for improving the presentation in the
radar label, an improvement of the Message–In and Message–Out windows will be investigated at
first.  This issue will also be highlighted more during training.

Four of the participants thought that the time-out interval for downlinked requests was not too
short.



DOVE-1 Real-Time Simulation EUROCONTROL

Project AGC-Z-DO - EEC Report No. 383 71

Statement Agree Undecided/No opinion Disagree No reply

The time-out for downlink requests
was too short. 0 3 4 0

They were not, however, fully convinced by the HMI feature when a downlink request had not been
replied to in time by a controller.  When the time out has expired, a message is displayed in the
Message–In window and the indication in the radar label is removed.

We could have expected that some of the participants would have asked for a longer time out.
This did not happen, however, perhaps because the task of managing the pilot downlinked
requests was dedicated to the PCs and the PCs were never overloaded.

7.2.4.8. ACL Clearance Log

Given the new way of partitioning tasks between PC and TC, in which the PC could also send
clearances to the pilot, some of the participants could see the advantage of displaying a list of the
recent datalink clearances issued (for example during the previous 5 minutes).  This way, each of
the controllers could update their situational awareness of the other controllers' actions.

7.2.4.9. Air-ground and ground/ground co-ordination

Only four of the seven participants thought that the display features of the indicators in the radar
label for the ground-ground datalink and the air-ground datalink were not ambiguous.

Statement Agree Undecided/No opinion Disagree No reply

There was ambiguity between
ground-ground datalink and air-
ground datalink indicators in the
radar label.

2 1 4 0

There was an additional problem for the controllers.  After a Direct or a Heading order (outside the
sector) had been input by an upstream sector, a ground-ground co-ordination process was
triggered.  If the downstream sector accepted the co-ordination, a process that could take some
time, the controller order was automatically uplinked to the pilot.  An uplink, however, was not
always appropriate at the moment that ground-ground co-ordination process was completed.

7.2.4.10. CAP Services (including turbulence)

Six of the controllers thought that the update rate on CAP did not pose a problem.

Statement Agree Undecided/No opinion Disagree No reply

The update rate on CAP did not
pose a problem. 6 0 0 1

All seven controllers agreed that accessing the CAP values through the selected label was
convenient.
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Statement Agree Undecided/No opinion Disagree No reply

Accessing the CAP values through
the selected label was convenient. 7 0 0 0

All of the controllers found no ambiguity between the display of the assigned heading, speed or
rate of climb/descent in the unselected label and the display of the CAP values in the selected
label.

Statement Agree Undecided/No opinion Disagree No reply

There was no ambiguity between
the display of the assigned heading,
speed, or roc (in the unselected
label) and the display of the CAP
value (in the selected, label).

7 0 0 0

As for the type of speed to display, the controllers asked that, at lower flight levels, it be the
indicated air speed in knots.

In contrast to their position with the other CAP services, the controllers were not completely happy
with the way turbulence data was displayed to them.  They asked that the display of turbulence
data be reconsidered.

Only two of the controllers thought that being warned of turbulence was useful so that the TCs
could warn other pilots.

Statement Agree Undecided/No opinion Disagree No reply

Providing the turbulence warning
was useful so that I could warn
other pilots.

2 1 4 0

The participants that thought that the turbulence warning information was useful wanted it
displaying less strongly or on request only.

Five of the participants thought that the way in which the severity of the turbulence was indicated
(i.e. by a number) was not meaningful.

Statement Agree Undecided/No opinion Disagree No reply

The turbulence severity indicator
(number) was meaningful. 2 0 5 0

One participant commented: “It is useful only if automatically disseminated”.

Four of the controllers thought that the way in which the effect that the turbulence would have on
an aircraft was indicated (i.e. by the background colour) was not meaningful.

Statement Agree Undecided/No opinion Disagree No reply

The effect of the turbulence severity
on the aircraft (background colour)
was meaningful.

3 0 4 0
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All of the controllers commented that the way the effect was represented (i.e. by the background
colour) was too strong.  One controller commented: "We only need a medium or heavy
turbulence indicator (and not in the radar label)”.

7.2.4.11. PPD Service

Three of the participants thought that the availability and updating of PFLs and PSPs was obvious;
three other participants strongly disagreed with them.

Statement Agree Undecided/No opinion Disagree No reply

Availability and update of PFL/PSP
was obvious. 3 1 3 0

Some controllers found some of the presentation of PPD data to be of little or no use: “CAP is
useful but about PPD only the maximum FL could be useful“ or “We don't need the
preferred speed”.

The DOVE-1 RTS participants said that they would have preferred to be informed when a PPD
value changed rather than having to periodically check the relevant fields (i.e. CFL, asp, etc.) in the
individual menus.  One controller commented: “In high levels of traffic I had no time to check
PPD” and another commented that “there is not enough time to check for PPDs.  If we have
some indication that the current situation is different from the preferred situation, then yes."

7.2.4.12. FLIPCY

Participants had divided opinions on whether, following a FLIPCY warning, it was always clear
when and what to clear by voice.

Statement Agree Undecided/No opinion Disagree No reply

Following a FLIPCY warning it was
always obvious when and what to
clear by voice.

2 2 2 1

One controller commented: “The FLIPCY warning indication must report only the FDP route
and, in the case of a co-ordination from the entering sector, it is not clear when to revert to
voice.”
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7.2.5. Radar Label Anti-Overlap

The main problem with the DOVE-1 RTS HMI was the overlapping of labels (as is indicated in
Figure 54 where the responses to one of the post-exercise questions are displayed.)
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Figure 54:  The number of positions (both PC and TC) that reported the given types
of problem for the 25 measured exercises
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8. RESULTS - OBJECTIVE 4 – (DATALINK BENEFITS)

Objective 4 was to identify indications of potential benefits to all users operating in a datalink
environment.

The expected benefits directly attributable to the provision of an air-ground datalink were:

• a reduction in the occupancy of the R/T channel;
• a reduction in the TC's workload;
• a better balancing of the workload between the PC and the TC;
• better teamwork;
• an improved situational awareness;
• a better level of service, by ensuring

• a closer conformance to the preferred trajectory;
• a reduction in the amount of fuel burnt; and
• a reduction in the distance flown;

• the maintenance of the level of safety; and
• enhanced capacity.

8.1. REDUCTION IN THE OCCUPANCY OF THE R/T CHANNEL

The main purpose of providing an air-ground datalink is to reduce the occupancy, and hence the
congestion, of the R/T communication channel by providing an additional means of communication
between controllers and pilots.

In all the organisations of the DOVE-1 RTS, controllers had the possibility to communicate with
suitably equipped aircraft by means of a datalink channel.  The (pseudo-) pilots had the possibility
to downlink certain types of request (such as requests for a direct routing or for a particular flight
level) via this datalink channel.  In addition, datalink-equipped aircraft established first contact with,
and were also transferred to, the next sector via the datalink.

The following findings were obtained from the exercises with Org. A.

8.1.1. Occupancy of the Radio Channel as a Function of Level of Datalink Equipage

Figure 55 shows the variation of the occupancy of the R/T channel as a function of the level of
datalink equipage and the traffic level for the SE sector.
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Figure 55:  The variation of the occupancy of the R/T channel as a function
of the level of datalink equipage and traffic level for the SE sector

and Figure 56 shows the variation of the occupancy of the R/T channel as a function of the level of
datalink equipage and the traffic level for the SW sector.
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Figure 56:  The variation of the occupancy of the R/T channel as a function
of the level of datalink equipage and traffic level for the SW sector

In both of the previous graphs, it can be seen that the occupancy of the R/T channel varied as both
a function of the level of traffic (increasing as the level of traffic increased) and an inverse function
of the level of datalink equipage (decreasing as the level of datalink equipage increase).  The
reason why the results were plotted separately for the SE and SW sectors is that there is a
statistically significant difference between the results for the two sectors (as is indicated by the
numbers in the following table).
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Table 13:  The statistically significant effects on the usage of the R/T channel

Effect Fischer Test4 value Probability of no difference

Traffic level 8.9 0.00066

Level of datalink equipage 67.9 < 0.0000005

Sector 19.4 0.00019

What the last column of the first line of this table indicates is that the differences in the occupancy
of the R/T channel that were measured when the traffic level had different values were probably
due to a real effect.  The probability that the measured values differed solely because of random
effects is 0.00066 (which is the same as 1 chance in 1,515).  This indicates that there was a
statistically significant effect on the occupancy of the R/T channel due to the level of traffic.  This
was what was expected.

The probability that the differences in the occupancy of the R/T channel that were measured at
different levels of datalink equipage were solely due to random effects (i.e. that the level of datalink
equipage was not a factor that affected the occupancy of the R/T channel) is less than 0.0000005
(i.e. 1 in 2,000,000).  This indicates that there was a statistically significant effect on the occupancy
of the R/T channel due to the level of datalink equipage.  This was what was hoped for.

Unfortunately, the probability that the differences in the occupancy of the R/T channel that were
measured in the different sectors were solely due to random effects is 0.00019 (i.e. 1 in 5,263).
This indicates that there was a statistically significant effect on the occupancy of the R/T channel
due to the sectors themselves.  That is to say that the occupancy of the R/T channel was, in fact,
different for the SE and SW sectors.  Now, the sectors were not supposed to play a part in the
utility or otherwise of providing a datalink system.  It is possible, however, that differences in the
actual numbers and percentages of datalink-equipped aircraft that passed through each sector
could explain this apparent sector effect.

                                                
4 Fisher's Exact Test is an alternative to the Chi-Square test for comparing two independent binomial proportions when the normal approximation to the

binomial is not applicable.  We compared the probabilities of radio-channel occupancy under different conditions.
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Table 14 tabulates:

• the average total number of aircraft on frequency during the measured hours,

• the average number of datalink-equipped aircraft on frequency during the measured
hours, and

• the average percentage of datalink-equipped aircraft on frequency during the measured
hours.

As a function of the desired levels of traffic and datalink equipage for the SE sector.
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Table 14:  Average total number of aircraft, datalink-equipped and average percentage for sector SE

SE

Desired Traffic Level = 120% Desired Traffic Level = 140%
Desired
level of
datalink

equipage

Average total
number of

aircraft

Average
number of
datalink-
equipped
aircraft

Average
percentage
of datalink-
equipped
aircraft

Average
total

number of
aircraft

Average
number of
datalink-
equipped
aircraft

Average
percentage
of datalink-
equipped
aircraft

50% 71.7 35.7 49.8 84.3 39.7 47.0

75% 68.7 51.0 74.3 78.7 62.7 79.6

95% 73.3 68.3 93.2 79.0 69.0 87.3

The average total number of aircraft, number of datalink-equipped aircraft, and percentage of
datalink-equipped aircraft as a function of desired traffic level and desired level of datalink
equipage for sector SE.

Table 15 tabulates the same information for the SW sector.

Table 15:  Average total number of aircraft, datalink-equipped and average percentage for sector SW

SW

Desired Traffic Level = 120% Desired Traffic Level = 140%
Desired
level of
datalink

equipage

Average total
number of

aircraft

Average
number of
datalink-
equipped
aircraft

Average
percentage
of datalink-
equipped
aircraft

Average
total

number of
aircraft

Average
number of
datalink-
equipped
aircraft

Average
percentage
of datalink-
equipped
aircraft

50% 56.3 26.0 46.2 66.7 29.3 44.0

75% 53.0 39.3 74.2 65.7 45.0 68.5

95% 54.0 48.0 88.9 65.7 56.7 86.3

The average total number of aircraft, number of datalink-equipped aircraft, and percentage of
datalink-equipped aircraft as a function of desired traffic level and desired level of datalink
equipage for sector SW.

It is apparent that, on average, the actual percentage of datalink-equipped aircraft in each of the
traffic samples differed slightly from the desired (prescribed) percentage.  For example, for sector
SE, the actual percentage of datalink-equipped aircraft in the 95% datalink equipage traffic
samples was just 93% for the 120% traffic level and just 87% for the 140% traffic level.
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So, ignoring any possible sector and traffic level effects, Figure 57 shows that, on average, for the
DOVE-1 RTS, the time spent talking on the R/T when the level of datalink equipage was 95% was
less than one half of the equivalent time when the level of datalink equipage was only 50%.

100.0

70.5

41.7

0

10

20

30

40

50

60

70

80

90

100

50% 75% 95%

Level of datalink equipage

Re
la

tiv
e 

%
 o

cc
up

an
cy

 o
f t

he
 R

/T
 c

ha
nn

el
 

Figure 57:  The variation of the average occupancy of the R/T channel (with 50% datalink equipage)

8.2. ANALYSIS OF PERCEIVED WORKLOAD

Given the recommended way in which tasks were shared between the TC and the PC, it was
expected that:

• the greater the level of datalink equipage, the lower the occupancy of the R/T channel
and, therefore, the lower the level of workload for the TC;

• the workload reduction will be less important for the PC than for the TC as the PC,
responsible for the transfer by datalink, will have to perform more inputs while the
percentage of datalink equipage increases;

• the higher the level of datalink equipage, the easier the choice of the working method to
be used and, therefore, the lower the level of workload;

• the greater the level of traffic, the greater the workload.  The increase of workload will be
more significant for the TC than the PC. As the likelihood of conflict will be more
important and/or the traffic will become more tactical the use of voice will be maintained
and therefore the workload for the TC;

• as long as the traffic remains not too tactical, the greater the number of aircraft is the
greater the opportunities for datalinked clearances handled by PC are and therefore the
greater the PC workload is but the TC workload remains acceptable provided the co-
operative assistance of the PC.
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Figure 58 shows the relative number of times each of the ISA buttons was pressed by the
participant that occupied the PC position of the SW sector during the third exercise that was run on
28 May 2002.  The traffic level was 120% and the level of datalink equipage was 75%.
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Figure 58:  The number of times, each of the ISA buttons was pressed
expressed as a percentage of the total - PC SW sector

The number of times, expressed as a percentage of the total, that each of the ISA buttons was
pressed by the participant that occupied the PC position of the SW sector during the third exercise
that was run on 28 May 2002.  (The value for the Under–used button is 3%).

The High button was pushed 37 percent of the time, the Comfortable button 40 percent of the
time, the Relaxed button 10 percent of the time, and the Under–used button 3 percent of the time.
The remaining 10 percent of the time, the participant either forgot to push one of the buttons, or
was too busy to push one of the buttons.

Table 16:  The cumulative number of times ISA buttons were pressed - PC SW sector

ISA Button
Percentage of

all button
presses

Cumulative
percentage of

all button
presses

Excessive 0 0

High 37 37 (=0+37)

Comfortable 40 77 (=37+40)

Relaxed 10 87 (=77+10)

Under-used 3 90 (=87+3)

Missing 10 100 (=90+10)

The cumulative number of times, expressed as a percentage of the total, that the ISA buttons were
pressed by the participant that occupied the PC position of the SW sector during the third exercise
that was run on 28 May 2002.



EUROCONTROL DOVE-1 Real-Time Simulation

82 Project AGC-Z-DO - EEC Report No. 383

This information can be plotted in a graph as shown in the following figure.
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Figure 59:  The cumulative number of times, ISA buttons were pressed -  PC SW sector

The cumulative number of times expressed as a percentage of the total, that the individual ISA
buttons were pressed by the participant that occupied the PC position of the SW sector during the
third exercise that was run on 28 May 2002.

As can be seen, of the thirty occasions (100%) that the participant had during the measured hour
to indicate his/her instantaneous level of workload, we know which button he/she pressed on only
27 (90%) of those occasions.  On the other three occasions (10%), either the participant did not
push any of the ISA buttons during the 30 seconds that the red ISA light was illuminated or the
identity of the button that was pressed was not correctly recorded.  If we assume the worst case as
far as workload is concerned then we would assume that the participant was too busy to respond
to the ISA prompt on those three occasions i.e. we assume that the participant would have pressed
the Excessive button.  So, if we increase the number of times the excessive button was pressed
by the number of times no button was pressed, we have the worst case workload.
(See Figure 60.)
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Figure 60:  The cumulative number of times, ISA buttons were pressed - PC SW sector
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The cumulative number of times, expressed as a percentage of the total, that the individual ISA
buttons were pressed by the participant that occupied the PC position of the SW sector during the
third exercise that was run on 28 May 2002.

The actual cumulative workload curve (i.e. the one that would have been drawn if 100% of the
button presses had been recorded) lies somewhere between the blue curve, which is the best-case
workload curve (all the missing values are assumed to be presses of the Under-used button), and
the red curve, which is the worst-case workload curve (all the missing values are assumed to be
presses of the Excessive button).

We can see from this type of graph that the average workload for an exercise increases the more
the middle of the curve is positioned towards the top left-hand corner.

In the graphs that follow, only the curves are drawn; the boxes are all omitted.  The best-case
curves are all solid and the worst-case curves, if there are any, are dashed curves.

Figure 61 shows the sort of variation that occurred between the workloads recorded by three
different participants that occupied the TC position of the SE sector under identical traffic
conditions in three different exercises.
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Figure 61:  The cumulative number of times, ISA buttons were pressed - TC SE sector –
120% traffic and 50% datalink equipage

The cumulative number of times, expressed as a percentage of the total, that the individual ISA
buttons were pressed by the TC of the SE sector during the three exercises with 120% traffic and
50% datalink equipage.

The three curves were obtained from the recorded instantaneous workloads from the TC position
of the SE sector for the three exercises that were run with a traffic level of 120% and a level of
datalink equipage of 50%.  For the first two exercises, there were no missing button presses; for
the third exercise, three percent of the button presses were missing.  That is why there are two
curves for the third exercise - one for the best case workload (the solid green curve) and one for
the worst case (the dashed green curve).  It is clear that there was a large amount of variation
between the workloads recorded at the TC position in the different exercises.  On the whole, for
these exercises, we can say that the participant that had the role of TC in the SE sector during the
first exercise registered a higher workload than the participant who had that role during the second
exercise who, in turn, registered a higher workload than the participant who had that role during the
third exercise.
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Figure 62 shows the cumulative percentage of the number of times each of the ISA buttons was
pressed at the TC position of the SE sector as a function of the level of datalink equipage for a
traffic level of 120% in Org. A.  Data from nine exercises - three each at levels of datalink equipage
of 50%, 75%, and 95% - were averaged to produce the three curves for used for this figure.
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Figure 62: The cumulative number of times ISA buttons were pressed – TC  SE sector - 120% in Org. A

The cumulative number of times, expressed as a percentage of the total, that the individual ISA
buttons were pressed at the TC position of the SE sector as a function of the level of datalink
equipage for the exercises at a traffic level of 120% in Org. A.

On average, it seems that the workload at the TC position was slightly higher when the level of
datalink equipage was 50% than it was when the level of datalink equipage was 75% or 95%.
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Figure 63:  The cumulative number of times ISA buttons were pressed – PC  SE sector - 120% in Org. A

The cumulative number of times, expressed as a percentage of the total, that the individual ISA
buttons were pressed at the PC position of the SE sector as a function of the level of datalink
equipage for the nine exercises at a traffic level of 120% in Org. A.
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It seems that, on average, the workload at the PC position was higher when the level of datalink
equipage was 50% than it was when the level of datalink equipage was 75%, which, in turn, was
higher than it was when the level of datalink equipage was 95%.

Thus, in the SE sector it seems that the workload at the PC and TC positions decreased as the
level of datalink equipage increased when the level of traffic was 120%.

Figure 64 shows the cumulative percentage of the number of times each of the ISA buttons was
pressed at the TC and PC positions respectively of the SE sector as a function of the level of
datalink equipage for a traffic level of 140% in Org. A.  Data from just six exercises - one at a level
of datalink equipage of 50%, two at 75%, and three at 95% - were used for each graph as there
were a considerable number of missed button presses in the other exercises.
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Figure 64:  The cumulative number of times ISA buttons were pressed - TC  SE sector -
140% in Org A

The cumulative number of times, expressed as a percentage of the total, that the individual ISA
buttons were pressed at the TC position of the SE sector as a function of the level of datalink
equipage for the nine exercises at a traffic level of 140% in Org A.

It seems that, on average, the workload at the TC position was higher when the level of datalink
equipage was 50% or 75% than it was when the level of datalink equipage was 95%.
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Figure 65:  The cumulative number of times ISA buttons were pressed – PC  SE sector - 140% in Org A

The cumulative number of times, expressed as a percentage of the total, that the individual ISA
buttons were pressed at the PC position of the SE sector as a function of the level of datalink
equipage for the nine exercises at a traffic level of 140% in Org. A.

It seems that, on average, the workload at the PC position was higher when the level of datalink
equipage was 75% than it was when the level of datalink equipage was 95%, which, in turn, was
higher than it was when the level of datalink equipage was 50%.

So, when the level of traffic was 140%, it seems that the workload at the TC position of the SE
sector decreased as the level of datalink equipage increased from 75% to 95%. At the same time,
the workload at the PC position increased and then decreased.

Figure 66 shows the cumulative percentage of the number of times each of the ISA buttons was
pressed by the TC and PC respectively of the SW sector as a function of the level of datalink
equipage for a traffic level of 120% in Org. A. Data from nine exercises - three each at levels of
datalink equipage of 50%, 75%, and 95% - were used for Figure 66.

0

10

20

30

40

50

60

70

80

90

100

Excessive +High +Comfortable +Relaxed +Under-used

Cu
m

ul
at

iv
e 

pe
rc

en
ta

ge
 o

f I
SA

 b
ut

to
n 

pr
es

se
s

95%
75%
50%

Figure 66:  The cumulative number of times ISA buttons were pressed – TC  SW sector –
120% in Org. A
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The cumulative number of times, expressed as a percentage of the total, that the individual ISA
buttons were pressed by the TC of the SW sector as a function of the level of datalink equipage for
the nine exercises at a traffic level of 120% in Org. A.

Figure 67 shows the equivalent information for the PC position.  Data from only eight exercises
were used for Figure 67 as there were only two exercises with usable data with a level of datalink
equipage of 75%.
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Figure 67:  The cumulative number of times ISA buttons were pressed – PC  SW sector –
120% in Org. A

The cumulative number of times, expressed as a percentage of the total, that the individual ISA
buttons were pressed by the PC of the SW sector as a function of the level of datalink equipage for
the nine exercises at a traffic level of 120% in Org. A.

Once again, it appears that the workload of the TC of the SW sector decreased as the level of
datalink equipage increased.

Figure 68 shows the cumulative percentage of the number of times each of the ISA buttons was
pressed by the TC of the SW sector as a function of the level of datalink equipage for a traffic level
of 140% in Org. A.  Data from just six exercises - respectively three, one, and two at levels of
datalink equipage of 50%, 75%, and 95% - were used.
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Figure 68:  The cumulative number of times ISA buttons were pressed - PC  SW sector -
140% in Org. A

The cumulative number of times, expressed as a percentage of the total, that the individual ISA
buttons were pressed by the PC of the SW sector as a function of the level of datalink equipage for
the nine exercises at a traffic level of 140% in Org. A.
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Figure 69:  The cumulative number of times ISA buttons were pressed – PC  SW sector -
140% in Org. A

The cumulative number of times, expressed as a percentage of the total, that the individual ISA
buttons were pressed by the PC of the SW sector as a function of the level of datalink equipage for
the nine exercises at a traffic level of 140% in Org. A.

It appears that the workload of the TC of the SW sector decreased as the level of datalink
equipage was increased from 75% to 95%.
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Figure 70 shows the cumulative percentage of ISA button presses for the TC and PC of both the
SE and SW sectors when the traffic level was 120% in Org. A.  (Note that the x–axis scale ranges
from Under-used to Under-used + Relaxed + … + Excessive.)
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Figure 70:  The cumulative number of times (starting with the Under-used button)
ISA buttons were pressed - 120% in Org. A

The cumulative number of times (starting with the Under-used button), expressed as a percentage
of the total, that the individual ISA buttons were pressed by the TC and PC of both the SE and SW
sectors for a traffic level of 120% in Org. A.

The Under-used, the Relaxed, or the Comfortable workload button was pressed on more than
90% of the occasions by both the TCs and the PCs of both sectors.  The remaining 10% of the
time, the TCs and PCs pushed either the High or the Excessive workload buttons.

Figure 71 shows the cumulative percentage of ISA button presses for the TC and PC of both the
SE and SW sectors when the traffic level was 140% in Org. A.
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Figure 71:  The cumulative number of times ISA buttons were pressed –
140% in Org. A
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The Under-used, the Relaxed, or the Comfortable workload button was pressed on more than
70% of the occasions by both the TCs and the PCs of both sectors.  20% or less of the time, the
TCs and PCs pushed the High workload button and the remaining 10% of the time they did not
push any button.

For the SE sector, the assumptions were mostly confirmed except that the participants that
occupied the PC position reported:

• a higher workload when the traffic level was 120% than when it was 140%; and

• a higher workload when the level of datalink equipage was 75% than when it was either
50% or 95% when the traffic level was 140%.

For the SW sector, the assumptions were mostly confirmed except that the participants that
occupied the PC position reported a higher workload when the level of datalink equipage was 95 %
than when it was either 75 or 50%.

Figure 72 shows the calculated overall NASA–TLX values for individual exercises, and their
average value, for the PCs and the TCs as a function of the level of datalink equipage for the 120%
traffic samples in Org. A.  Again, the red dots are for the SW sector and the green dots are for the
SE sector.
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Figure 72:  Variation of the overall NASA-TLX value for individual exercises -
120% traffic samples in Org. A

The variation of the overall NASA-TLX value for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 73:  Variation of the overall NASA-TLX value for individual exercises -
140% traffic samples in Org. A

The variation of the overall NASA-TLX value for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the 140% traffic samples in Org. A.

The analysis of the responses to the NASA–TLX questionnaires shows there was no significant
effect of the level of datalink equipage on the overall workload for both TCs and PCs. Most of time,
the overall workload was reported as normal.

Figure 74 shows the reported levels of mental demand for individual exercises, and their average
value, for the PCs and the TCs as a function of the level of datalink equipage for the 120% traffic
samples in Org. A.

9.3 8.0 8.7 7.3 7.5 9.0
0

2

4

6

8

10

12

14

16

18

20

50% 75% 95% 50% 75% 95%

Level of datalink equipage
|----------------------------PCs----------------------------|                   |------------------------------TCs----------------------------|

Le
ve

l o
f m

en
ta

l d
em

an
d

Figure 74:  Variation of the level of mental demand for individual exercises -
120% traffic samples in Org. A

The variation of the level of mental demand for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the120% traffic samples in Org. A.



EUROCONTROL DOVE-1 Real-Time Simulation

92 Project AGC-Z-DO - EEC Report No. 383

13.0 10.8 10.3 10.5 12.8 8.0
0

2

4

6

8

10

12

14

16

18

20

50% 75% 95% 50% 75% 95%

Level of datalink equipage
|----------------------------PCs----------------------------|                   |------------------------------TCs----------------------------|

Le
ve

l o
f m

en
ta

l d
em

an
d

Figure 75:  Variation of the level of mental demand for individual exercises -
140% traffic samples in Org. A

The variation of the level of mental demand for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the 140% traffic samples in Org. A.

The reported mental demands were higher for the 140% traffic samples than for the 120% traffic
sample.

Figure 76 shows the reported levels of physical demand for individual exercises, and their average
value, for the PCs and the TCs as a function of the level of datalink equipage for the 120% traffic
samples in Org. A.
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Figure 76:  The variation of the level of physical demand for individual exercises -
120% traffic samples in Org. A

The variation of the level of physical demand for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 77:  The variation of the level of physical demand for individual exercises -
140% traffic samples in Org. A

The variation of the level of physical demand for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the 140% traffic samples in Org. A.

The reported physical demands were higher for the 140% traffic samples than for the 120% traffic
samples.

Figure 78 shows the reported levels of temporal demand for individual exercises, and their average
value, for the PCs and the TCs as a function of the level of datalink equipage for the 120% traffic
samples in Org. A.
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Figure 78:  Variation of the level of temporal demand for individual exercises -
120% traffic samples in Org. A

The variation of the level of temporal demand for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the 140% traffic samples in Org. A.
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Figure 79:  Variation of the level of temporal demand for individual exercises -
140% traffic samples in Org. A

The variation of the level of temporal demand for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the 140% traffic samples in Org. A.

The reported temporal demands were higher for the 140% traffic samples than for the 120% traffic
samples.

Figure 80 shows the reported levels of stress for individual exercises, and their average value, for
the PCs and the TCs as a function of the level of datalink equipage for the 120% traffic samples in
Org. A.
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Figure 80:  Variation of the level of stress for individual exercises - 120% traffic samples in Org. A

The variation of the level of stress for individual exercises (indicated by the dots), and their average
value (indicated by the bars), as reported at the PC and TC positions of the SE and SW sectors as
a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 81: The variation of the level of stress for individual exercises –
140% traffic samples in Org. A

The variation of the level of stress for individual exercises (indicated by the dots), and their average
value (indicated by the bars), as reported at the PC and TC positions of the SE and SW sectors as
a function of the level of datalink equipage for the 140% traffic samples in Org. A.

The reported levels of stress were higher for the 140% traffic samples than for the 120% traffic
samples.

Figure 82 shows the reported levels of effort for individual exercises, and their average value, for
the PCs and the TCs as a function of the level of datalink equipage for the 120% traffic samples in
Org. A.
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Figure 82:  Variation of the level of effort for individual exercises -
120% traffic samples in Org. A

The variation of the level of effort for individual exercises (indicated by the dots), and their average
value (indicated by the bars), as reported at the PC and TC positions of the SE and SW sectors as
a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 83:  Variation of the level of effort for individual exercises -
140% traffic samples in Org. A

The variation of the level of effort for individual exercises (indicated by the dots), and their average
value (indicated by the bars), as reported at the PC and TC positions of the SE and SW sectors as
a function of the level of datalink equipage for the 140% traffic samples in Org. A.

The reported levels of effort were higher for the 140% traffic samples than for the 120% traffic
samples.

Figure 84 shows the reported levels of fatigue for individual exercises, and their average value, for
the PCs and the TCs as a function of the level of datalink equipage for the 120% traffic samples in
Org. A.
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Figure 84:  Variation of the level of fatigue for individual exercises - 120% traffic samples in Org. A

The variation of the level of fatigue for individual exercises (indicated by the dots), and their
average value (indicated by the bars), as reported at the PC and TC positions of the SE and SW
sectors as a function of the level of datalink equipage for the 120% traffic samples in Org. A
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Figure 85:  Variation of the level of fatigue for individual exercises - 140% traffic samples in Org. A

The variation of the level of fatigue for individual exercises (indicated by the dots), and their
average value (indicated by the bars), as reported at the PC and TC positions of the SE and SW
sectors as a function of the level of datalink equipage for the 140% traffic samples in Org. A.

The average reported levels of fatigue were higher for the 140% traffic samples than for the 120%
traffic samples.

Figure 86 shows the reported levels of frustration for individual exercises, and their average value,
for the PCs and the TCs as a function of the level of datalink equipage for the 120% traffic samples
in Org. A.
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Figure 86:  Variation of the level of frustration for individual exercises -
120% traffic samples in Org. A

The variation of the level of frustration for individual exercises (indicated by the dots), and their
average value (indicated by the bars), as reported at the PC and TC positions of the SE and SW
sectors as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 87:  Variation of the level of frustration for individual exercises -
140% traffic samples in Org. A

The variation of the level of frustration for individual exercises (indicated by the dots), and their
average value (indicated by the bars), as reported at the PC and TC positions of the SE and SW
sectors as a function of the level of datalink equipage for the 140% traffic samples in Org. A.

The average reported levels of frustration were higher for the 140% traffic samples than for the
120% traffic samples.

Figure 88 shows the reported levels of own performance for individual exercises, and their average
value, for the PCs and the TCs as a function of the level of datalink equipage for the 120% traffic
samples in Org. A.
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Figure 88:  Variation of the level of own performance for individual exercises -
120% traffic samples in Org. A

The variation of the level of own performance for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 89:  Variation of the level of own performance for individual exercises -
140% traffic samples in Org. A

The reported levels of own performance were higher for the 140% traffic samples than for the
120% traffic samples.

It is interesting to note some trends:

• For the SE sector, the assumptions were mostly confirmed (as for the ISA
measurements) except that, with a traffic level of 120%, the TC was loaded more than
the PC (a result that is different from the ISA result).

• For the SW sector, the assumptions were mostly confirmed (as for the ISA
measurements) except that, with a traffic level of 120%, the TC was not loaded less when
the level of datalink equipage was 95% than when it was 75% or 50% and the PC was
loaded more when the level of datalink equipage was 75% than when it was either 50%
or 95 %.

It was expected that workload would decrease as the level of datalink equipage increased but the
figures show that this was not always the case.  According to the observations and the controllers'
comments in the different questionnaires, the workload increase could have been the result of non-
optimal teamwork.

The figure of the perceived workload the participants reported in the post-exercise questionnaire
confirmed the effect of the traffic level.  Figure 90 indicates the variation of the level of overall
workload for individual exercises (indicated by the dots), and their average value (indicated by the
bars), as a function of the level of datalink equipage for the 120% traffic samples in Org. A
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Figure 90:  Variation of the level of overall workload for individual exercises -
120% traffic samples in Org. A.

The variation of the level of overall workload for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 91:  Variation of the level of traffic complexity for individual exercises -
140% traffic samples in Org. A

The variation of the level of overall workload for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the 140% traffic samples in Org. A.

For both the PCs and the TCs, the 140% traffic was more demanding than the 120% traffic and a
level of datalink equipage of 50% was always more demanding than one of 95%.  With a traffic
level of 140%, the workload increased when the level of datalink equipage was 75 %.  This was
due to the PC intervening and interfering with the TC's way of controlling, which generated stress
for theTC.
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The different sources of workload - traffic complexity, problems due to procedures, and problems
due to HMI - were assessed by analysing the responses to the Post-exercise questions.

Figure 92 shows the reported levels of traffic complexity for individual exercises, and their average
value, for the PCs and the TCs as a function of the level of datalink equipage for the 120% traffic
samples in Org. A.
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Figure 92:  Variation of the level of traffic complexity for individual exercises -
120% traffic samples in Org. A

The variation of the level of traffic complexity for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 93:  Variation of the level of traffic complexity for individual exercises -
140% traffic samples in Org. A

The variation of the level of traffic complexity for individual exercises (indicated by the dots), and
their average value (indicated by the bars), as reported at the PC and TC positions of the SE and
SW sectors as a function of the level of datalink equipage for the 140% traffic samples in Org. A.
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The reported complexity of the traffic was greater for the 140% traffic samples than for the 120%
samples.

Figure 94 shows the reported levels of problems due to procedures for individual exercises, and
their average value, for the PCs and the TCs as a function of the level of datalink equipage for the
120% traffic samples in Org. A.
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Figure 94:  Variation of the level of problems due to procedures for individual exercises -
120% traffic samples in Org. A

The variation of the level of problems due to procedures for individual exercises (indicated by the
dots), and their average value (indicated by the bars), as reported at the PC and TC positions of
the SE and SW sectors as a function of the level of datalink equipage for the 120% traffic samples
in Org. A.
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Figure 95:  Variation of the level of problems due to procedures for individual exercises -
140% traffic samples in Org. A.

The variation of the level of problems due to procedures for individual exercises (indicated by the
dots), and their average value (indicated by the bars), as reported at the PC and TC positions of
the SE and SW sectors as a function of the level of datalink equipage for the 140% traffic samples
in Org. A.
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Figure 96 shows the levels of problems due to the HMI for individual exercises, and their average
value, for the PCs and the TCs as a function of the level of datalink equipage for the 120% traffic
samples in Org. A.

5.8 5.8 3.7 5.8 5.2 4.8
0

1

2

3

4

5

6

7

8

9

10

50% 75% 95% 50% 75% 95%

Level of datalink equipage
|----------------------------PCs----------------------------|                   |------------------------------TCs----------------------------|

Le
ve

l o
f H

M
I p

ro
bl

em
s

Figure 96:  Variation of the level of problems due to the HMI for individual exercises -
120% traffic samples in Org. A

The variation of the level of problems due to the HMI for individual exercises (indicated by the
dots), and their average value (indicated by the bars), as reported at the PC and TC positions of
the SE and SW sectors as a function of the level of datalink equipage for the 120% traffic samples
in Org. A.
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Figure 97:  Variation of the level of problems due to the HMI for individual exercises -
140% traffic samples in Org. A

The variation of the level of problems due to the HMI for individual exercises (indicated by the
dots), and their average value (indicated by the bars), as reported at the PC and TC positions of
the SE and SW sectors as a function of the level of datalink equipage for the 140% traffic samples
in Org. A.

The previous four figures indicate that it was HMI problems more than procedure problems that
caused workload for the controllers.
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8.3. TEAMWORK

In the post-exercise questionnaires, each participant was asked whether he/she had been
surprised by the behaviour, in terms of the interventions made, of his/her colleague on the suite
during the exercise.

Most of time, communication between team members was good and no surprises occurred.  But
occasionally, surprises happened, accompanied by increased stress.  This will be discussed
further in the section about safety, below.

Figure 98 shows the reported levels of surprise with the other team member for individual
exercises, and their average value, for the PCs and the TCs as a function of the level of datalink
equipage for the 120% traffic samples in Org. A.
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Figure 98:  Variation of the level of surprise with the other team member for individual exercises -
120% traffic samples in Org. A

The variation of the level of surprise with the other team member for individual exercises (indicated
by the dots), and their average value (indicated by the bars), as reported at the PC and TC
positions of the SE and SW sectors as a function of the level of datalink equipage for the 120%
traffic samples in Org. A.
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Figure 99:  Variation of the level of surprise with the other team member for individual exercises -
140% traffic samples in Org. A

The variation of the level of surprise with the other team member for individual exercises (indicated
by the dots), and their average value (indicated by the bars), as reported at the PC and TC
positions of the SE and SW sectors as a function of the level of datalink equipage for the 140%
traffic samples in Org. A.

Figure 100 shows the reported levels of surprise with the other team member for individual
exercises, and their average value, for the PCs and the TCs as a function of the organisation at a
traffic level of 140% and with 95% datalink equipage.
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Figure 100:  Variation of the level of surprise with the other team member for individual exercises -
140% traffic samples with a level of datalink equipage of 95%

The variation of the level of surprise with the other team member for individual exercises (indicated
by the dots), and their average value (indicated by the bars), as reported at the PC and TC
positions of the SE and SW sectors as a function of the level of datalink equipage for the 140%
traffic samples in Org. A.
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8.4. GOOD PRACTICE AND CONTROLLER WORKING METHOD

The controller tasks applied during the datalink scenarios are described in the following table.  The
controllers were free to modify the defined task allocation, with deviations noted.

Table 17:  Tactical and Planning Controller tasks

Task Tactical Controller Planning Controller

Datalink-
equipped
aircraft

Non-equipped
aircraft

Datalink-equipped
aircraft

Non-equipped aircraft

Co-ordination (electronic) For some
aircraft (at
discretion of
team)

For some aircraft
(at  discretion of
team)

For Advanced
Information /
Entering aircraft 

For Assumed
aircraft 

For Advanced
Information / Entering
aircraft

For Assumed aircraft

Conflict resolution For assumed
aircraft 

For assumed
aircraft 

For advanced
information/Entering
aircraft 

+/- on some
Assumed aircraft
(on team
agreement)

For Advanced
Information / Entering
aircraft 

+/- on some
Assumed aircraft  (on
team agreement)

Problem (Risk of Conflict)
resolution 

For some problems
(on team
agreement)

For some problems
(on team agreement)

Assume of control All All None 

+/ -  the system
update input for
some aircraft  (on
TC request)  

None

+/ - the system
update input for
some aircraft  (on TC
request)

Transfer of control All 

None  (for
Organisation B
exercises)

All None 

Or for some aircraft
(on team
agreement) 

All  (for Organisation
B exercises )

None 

+/ -  the system
update input for
some aircraft  (on
team agreement)

Clearance issuance All All None 

Or for some aircraft
(on team
agreement) 

None 
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8.4.1. Observed Working Method During The Measured Exercises

Concerning the recommended working method and good practice for using datalink, the
participants were reminded:

• to use the datalink to transmit instructions that were not time-critical, while the R/T was to
be used to transmit urgent instructions;

• to revert-to-voice after receiving either a "DL ERROR" or a "NO REPLY" message
warning; and

• that the default selection in the system update menu was the datalink, an additional r/T
input being required to select voice transmission.

Concerning the partition of tasks between PC and TC, the participants were proposed the following
ones:  (In summary, for each sector, the partition of tasks between PC and TC was provided (on a
laminated sheet) as follows).

Table 18:  Proposed DOVE-1 RTS sharing of tasks between PC and TC
(as handed out to the participants on the laminated sheet)

PC Responsibility TC Responsibility

Ground-ground co-ordination using OLDI/SYSCO for all aircraft. Ensuring separation of all aircraft.

Checking if PPD input before changing the XFL for datalink-equipped aircraft. Assuming all aircraft.

Treating the FLIPCY warning before the assume for datalink-equipped aircraft. Dealing with turbulence warnings

Do not increase separation

Advice other aircraft on the same
route.

Transferring datalink-equipped aircraft. Checking if PPD input before
changing the CFL and/or speed for
datalink-equipped aircraft.

Exit co-ordination with
OLDI/SYSCO

8.4.2. Working Methods Concerning Datalink Orders

As shown in Figure 101 (which is a copy of Figure 19 in Section 0 Reference source not found.),
the majority of the messages that were uplinked (excluding transfer messages) were made by the
TCs (which is consistent with the working method) with the occasional assistance of the PCs.
Downlinked requests were treated indifferently by the TCs and the PCs.
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Figure 101:  Average number of uplinked orders as a function of the level of datalink equipage for various
combinations of traffic level, sector, and controller role in Org. A.

8.4.3. Effect of Controller Profile

The figures below show there are different profiles of datalink users.  The participants are featured
by their amount of controlling experience and by whether or not they have participated in a datalink
simulation before.

Table 19:  The DOVE-1 RTS participant profiles

Participant ID Experience
(years)

Datalink
Experience

3 >15 Yes

2 >15 No

6 11-15 Yes

1 6-10 Yes

4 6-10 No

5 6-10 No

7 6-10 No

Figure 102 shows the number of orders that each of the participants that had the role of TC in the
SE sector when the traffic level was 120% in Org. A uplinked as a function of the level of datalink
equipage.
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Figure 102:  Number of orders uplinked by each of the participants -
120% traffic samples in Org. A

The number of orders uplinked by each of the participants that occupied the TC position of the SE
sector as a function of the level of datalink equipage for the 120% traffic samples in Org. A.

At each level of datalink equipage, Participant 7 uplinked more orders than Participant 6 who, in
turn, uplinked more orders than Participant 2.  It is also clear that, for all 3 participants, the number
of orders uplinked increased as the level of datalink equipage increased.

Figure 103 shows the number of orders that each of the participants that had the role of PC in the
SW sector when the traffic level was 120% in Org. A uplinked as a function of the level of datalink
equipage.  Once again, on the whole, Participant 7 uplinked more orders than Participant 6 and
Participant 2 did.  Indeed, Participant 7 uplinked so many orders when the level of datalink
equipage was 95% it was as if he/she had the TC role.
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Figure 103:  Number of orders uplinked by each of the participants -
120% traffic samples in Org. A
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The number of orders uplinked by each of the participants that occupied the PC position of the SW
sector as a function of the level of datalink equipage for the 120% traffic samples in Org. A.  (Note
the number of orders uplinked by Participant 7 at 95% datalink equipage.)

Figure 104 shows the number of orders that each of the participants that had the role of PC in the
SE sector when the traffic level was 140% in Org. A uplinked as a function of the level of datalink
equipage.
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Figure 104:  Number of orders uplinked by each of the participants -
140% traffic samples in Org. A

The number of orders uplinked by each of the participants that occupied the PC position of the SE
sector as a function of the level of datalink equipage for the 140% traffic samples in Org. A.  (Note
the number of orders uplinked by Participant 7 at 75% datalink equipage.)

Figure 105 shows the number of orders that each of the participants that had the role of PC in the
SW sector when the traffic level was 140% in Org. A uplinked as a function of the level of datalink
equipage.
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Figure 105:  Number of orders uplinked by each of the participants -
the 140% traffic samples in Org. A
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The number of orders uplinked by each of the participants that occupied the PC position of the SW
sector as a function of the level of datalink equipage for the 140% traffic samples in Org. A.  (Note
the number of orders uplinked by Participant 7 at 75% datalink equipage.)
Figure 106 shows the number of orders that each of the participants that had the role of PC in the
SE sector when the traffic level was 120% in Org. A uplinked as a function of the level of datalink
equipage.
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Figure 106:  Number of orders uplinked by each of the participants -
120% traffic samples in Org. A

The number of orders uplinked by each of the participants that occupied the PC position of the SE
sector as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
Figure 107 shows the number of orders that each of the participants that had the role of TC in the
SW sector when the traffic level was 120% in Org. A uplinked as a function of the level of datalink
equipage.
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Figure 107:  Number of orders uplinked by each of the participants -
120% traffic samples in Org. A

The number of orders uplinked by each of the participants that occupied the TC position of the SW
sector as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 108 shows the number of orders that each of the participants that had the role of TC in the
SE sector when the traffic level was 140% in Org. A uplinked as a function of the level of datalink
equipage.
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Figure 108:  Number of orders uplinked by each of the participants -
140% traffic samples in Org. A

The number of orders uplinked by each of the participants that occupied the TC position of the SE
sector as a function of the level of datalink equipage for the 140% traffic samples in Org. A.

Figure 109 shows the number of orders that each of the participants that had the role of TC in the
SW sector when the traffic level was 140% in Org. A uplinked as a function of the level of datalink
equipage.
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Figure 109:  The number of orders uplinked by each of the participants -
140% traffic samples in Org. A

The number of orders uplinked by each of the participants that occupied the TC position of the SW
sector as a function of the level of datalink equipage for the 140% traffic samples in Org. A.
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Figure 110 shows the normalised average number of orders issued by each of the participants by
datalink to datalink-equipped aircraft for the exercises of Org. A when the participants had the role
of TC in either the SE or SW sector.  (For each exercise, if the level of datalink equipage of the
traffic sample was 50%, 75%, or 95%, the number of orders given by the SE and SW TCs was
divided by 0.5, 0.75, or 0.95 respectively.  Similarly, for each exercise, if the traffic level was 120%
or 140%, the number of orders was further divided by 0.12 or 0.14 respectively.)
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Figure 110:  Variation of the average number of orders (normalised)

The variation of the average number of orders (normalised) that were uplinked by the participant
that occupied either of the two measured TC positions as a function of participant in Org. A.

On average, all of the participants issued about the same number of orders per datalink-equipped
aircraft when they had the role of TC in a sector.

The following table lists the participants in descending order of the number of orders that they
uplinked on average when they had the role of TC in a sector.  The participants' controlling
experience is also listed, as is the fact of whether or not they had been exposed to a datalink
before the DOVE-1 RTS.

Table 20:  Average number of orders (normalised) uplinked by each participant

Participant Normalised average
number of clearances

Controller
experience

(years)
Previously
exposed?

6 1.00 11-15 Yes

7 0.97 6-10 No

1 0.77 6-10 Yes

3 0.77 >15 Yes

4 0.66 6-10 No

5 0.54 6-10 No

2 0.52 >15 No

The average number of orders (normalised) that were uplinked by each participant as a TC along
with his/her controller experience and whether or not he/she had previously been exposed to a
datalink environment.
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If we ignore the position of Participant 7 in the table, we see that all three participants who had
previously been exposed to a datalink system uplinked more orders when they were TCs than did
the participants who had not previously been so exposed.  The number of years of controller
experience, however, did not seem to be a factor affecting how the participants as TC used the
datalink.

Figure 111 shows the normalised average number of orders uplinked by each of the participants
for the exercises of Org. A when the participants had the role of PC in either the SE or SW sector.
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Figure 111:  Variation of the average number of orders (normalised) that were uplinked by the participant that
occupied either of the two measured PC positions as a function of participant in Org. A.

The variation amongst the participants in the average number of number of orders uplinked by
them when they had the role of PC in a sector was much greater than when they had the role of
TC.

The most significant feature of Figure 111 is that, on average, Participant 7 issued many more
orders by datalink than any of the other participants.  Indeed, once, as PC on the SW sector with a
120% traffic sample, this participant issued 56 orders to datalink-equipped aircraft (which was a
greater number than the TC issued).

The following table lists the participants in descending order of the number of orders that they
uplinked on average when they had the role of PC in a sector.  The participants' controlling
experience is also listed, as is the fact of whether or not they had been exposed to a datalink
before the DOVE-1 RTS.
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Table 21:  Average number of uplinked orders (normalised) -
whether or not the controller had previously been exposed to a datalink environment.

Participant Normalised average
number of clearances

Controller
experience

(years)
Previously
exposed?

7 1.00 6-10 No

6 0.24 11-15 Yes

5 0.18 6-10 No

3 0.15 >15 Yes

2 0.14 >15 No

1 0.13 6-10 Yes

4 0.04 6-10 No

Neither the number of years of controller experience nor previous exposure to the datalink seemed
to be a factor affecting how the participants used the datalink when they had the PC role.

8.5. SITUATIONAL AWARENESS

This section primarily contains the results, obtained both from the post-exercise and post-
simulation questionnaires and from observations, regarding the effect of the introduction of the
datalink, as implemented in DOVE-1 RTS, on situation awareness.

The results obtained from applying specific techniques developed by the EUROCONTROL SHAPE
project are only summarised in this section as they were applied to only a few exercises.  (For
further details, see the QINETIQ report "SHAPE ANALYSIS –Teamwork and Perceived Situation
Awareness"-V1.1 – October 2002 which is reproduced in Annex B).

For the DOVE-1 RTS, the primary questions posed about the impact of the availability and use of
an air-ground datalink on the situational awareness were:

• To what extent is the monitoring task of the controller affected?

• To what extent is there a risk of saturation of the visual channel and, therefore, a risk of
impairment of situation awareness?  Is the task of monitoring more demanding?

• What are the new requirements, in terms of working method (including the scanning
patterns) for dealing with datalink-equipped aircraft when there is a mix of datalink-
equipped and non-equipped aircraft?

• What are the positive and negative aspects of each datalink service (i.e. CAP, PPD,
“Silent” assume of control, CPDLC, FLIPCY, etc.) on every level of situation awareness
(Level 1 being the collection of data about the current situation, Level 2 being the
interpretation of the current situation and planning for the future, and Level 3 being the
prediction of the future situation)?

• Is the impact similar for the TCs and the PCs?

• Given the new tasks of the PCs, such as the transfer of control and/or the issuing of non-
time-critical instructions by datalink, what are the new requirements for the PC to
maintain his/her situation awareness?
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• How difficult is it to maintain a shared situational awareness given the new way in which
the datalink enables tasks to be shared between the PCs and the TCs?  What are the
new requirements in terms of team resource management?

8.5.1. Results

All the participants reported in the post simulation questionnaire that they maintained a good
picture of the traffic when using the air-ground datalink.

Statement Agree Undecided/No opinion Disagree No reply

I maintained a good picture of the
traffic when using the A/G datalink. 7 0 0 0

One participant expressed a limitation concerning the task of "silently" assuming datalink-equipped
aircraft: “[I maintained a good picture] except when [I] assumed aircraft by clicking on [the]
“MONITORING” message”.

Another participant reported having succeeded in maintaining a good picture but raised a new
requirement, in terms of new information to be monitored and interpreted, in order to determine
what intervention was required: “[I maintained a good picture] because you have a clear
answer when everything (D/L) works OK, but there is always the chance of malfunction or a
STANDBY followed by an UNABLE (2 mins) or by 'NO REPLY' or 'DL ERROR'.“

Most of the participants stated that the air-ground datalink enabled them to predict aircraft
movements and pilot compliance better.

Statement Agree Undecided/No opinion Disagree No reply

A/G datalink enabled you to better
predict aircraft movements and pilot
compliance.

4 1 2 0

One gave the following reason: “Maybe as a technique [it] gives you more time (because of
several reasons) to think about potential conflict but time is the reason why ATC can better
predict aircraft movement.”

A majority of the participants thought that, when communicating by datalink, they missed some
information that they normally had when communicating by voice.

Statement Agree Undecided/No opinion Disagree No reply

A/G datalink makes you miss some
information related to voice
communication.

4 1 2 0

One participant said that: “Nowadays, information given by voice is more complete.  It's
impossible for the datalink to replace all the information that a pilot or ATC could give by
voice”.  The missing information were reported as follows:

• “Checking of R/T (in case we need to revert to voice) upon initial call on frequency.”

• “Verification of mode C accuracy.  Some weather info  (top of clouds, spot wind, etc).

• The reasons of the request of the pilots. the dialogue (CPDLC) could use pre-formatted
messages”.
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Figure 112 shows the level of difficulty that the participants, as PC and TC, reported having to
maintain a clear picture for individual exercises, and their average value, for the PCs and the TCs
as a function of the level of datalink equipage for the 120% traffic samples in Org. A.
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Figure 112:  Variation of the level of difficulty to maintain a clear picture -
the 120% traffic samples in Org. A

The variation of the level of difficulty to maintain a clear picture during individual exercises
(indicated by the dots), and their average value (indicated by the bars), as reported at the PC and
TC positions of the SE and SW sectors as a function of the level of datalink equipage for the 120%
traffic samples in Org. A.
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Figure 113:  Variation of the level of difficulty to maintain a clear picture during individual exercises -
140% traffic samples in Org. A

The variation of the level of difficulty to maintain a clear picture during individual exercises
(indicated by the dots), and their average value (indicated by the bars), as reported at the PC and
TC positions of the SE and SW sectors as a function of the level of datalink equipage for the 140%
traffic samples in Org. A.
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Figure 112 indicates that, on average, the PCs and the TCs did not report a high level of difficulty
to maintain situation awareness when the level of traffic was 120%.  There were, nevertheless,
three occasions when a PC reported above-average level of difficulty.  Figure 113 indicates that it
was more difficult to maintain situation awareness when the level of traffic was 140% than when it
was 120% and that it was slightly more difficult for the PCs than for the TCs.  Note also that, at the
higher traffic level, the difficulty decreased as the level of datalink equipage increased.

The implication of these results is that the new tasks of the PC (i.e. transfer and/or issuing of non-
time-critical instructions) had an impact on the effort needed to maintain situation awareness.  It
seems that situation awareness was more difficult to maintain when half of the traffic was datalink-
equipped.

These results were confirmed by the SHAPE analysis of teamwork and perceived situation
awareness (see Annex B).

• Generally, the participants felt that the FLIPCY service, as implemented in the DOVE-1
RTS, did not often provide them with useful information or a better understanding of the
situation.

• The participants were more positive towards the PPD service.  The fact that lots of the
negative ratings of the PPD service were motivated by an HMI that was not judged
optimum reinforces this tendency.

• The PCs had a lower level of overall situation awareness in Org C (where zones of
turbulence were reported).

• The level of traffic (120% versus 140%) had more influence on the TCs than on the PCs.
The TCs appeared to have had a better overall situation awareness and to have
benefited more often from the use of the tools when the traffic level was 120%.

• The level of datalink equipage (50% versus 75% versus 95%) seemed to have had more
influence on the PCs than on the TCs.  The PCs appeared more at ease when the level
of equipage was at its highest (i.e. when it was 95%).

• In the DOVE-1 RTS environment, the participants felt, in all cases, they experienced
good levels of situation awareness with all the ratings of the SASHA_Q scale being
between “OK” and “Very Good”.

The combination of a high level of traffic (140%) and a low level of datalink-equipped aircraft (50%)
appears to have had a noticeable impact on teamwork.  More verbal communications were
observed when the proportion of datalink-equipped aircraft was low (50%) than when it was higher.
Often, these communications were of a prompting nature and the trend was more noticeable when
the traffic level was high.  With a high percentage of datalink-equipped aircraft the communications
were rather of an information exchange and situation assessment nature.

With the increase in traffic, the traffic possibly became more tactical resulting in the situation
awareness of the TCs being affected more than the situation awareness of the PCs.  This result
should be further investigated.

The SHAPE results confirmed that a high level of datalink equipage impacted the situation
awareness building process.  Team members needed to communicate with each other more to
build their shared awareness of the situation so that they could co-operate in good conditions.
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8.5.2. Shared Situational Awareness (or Team Situational Awareness)

Given the new way in which tasks were partitioned between the TCs and the PCs, there was a
strong requirement for a shared awareness of the situation.  Actually it was recorded that PCs and
TCs exchanged more information with each other and assessed the situation together more often
with the highest percentage of datalink.

The results from the DOVE-1 RTS provided some clues about how a shared awareness of the
situation was built, resulting in some new requirements in terms of team resource management.

8.5.2.1. Monitoring Task and/or Scanning Patterns

None of the participants gave any clues about the scanning patterns required in mixed datalink
environment.  But some participants reported that they had, at times, experienced being too
focussed on a certain region of a sector.

Figure 114 shows the variation of the frequency with which the PCs reported feeling focussed too
much on one problem or part of the sector as a function of the level of datalink equipage for
various combinations of sector and traffic level.  The frequency scale ranged from 0 (with a
meaning of never) to 5 (with a meaning of often).
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Figure 114:  Variation of the frequency (ranging from never - 0 - to often - 5) -
level of datalink equipage for various combinations of sector and traffic level

The variation of the frequency (ranging from never - 0 - to often - 5) with which the PCs reported
feeling focussed too much on one problem or part of the sector as a function of the level of datalink
equipage for various combinations of sector and traffic level.

This figure indicates that, for about half of their time, the participants that occupied the PC position
of both the SE and SW sectors had the feeling that they were focussing too much on a single
problem and/or a specific area of the sector.  For the SE sector, the amount of time that the
participants had this feeling remained unchanged as the traffic level and/or the level of datalink
equipage changed.  For the SW sector, the participants had the feeling more the lower the level of
datalink equipage or the higher the traffic level.  At least for the SW sector, these figures confirmed
our expectations, namely that a 140% traffic sample with 50% datalink equipage was the most
difficult traffic sample to monitor.
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The participants that had the feeling the most were Participant 7, with an average response of 3.7,
and Participants 1, 2, and 6 with an average response of 3.0.

The availability of the datalink emphasised certain differences in participant profile and attitude.
The results confirmed that the datalink required specific skills for maintaining a shared awareness
of the situation effectively and efficiently.

Participant 7, who reported often being focussed too much on one problem and/or sector area
sometimes, also experienced poor co-operation and communication.  On one occasion, as the PC
of one of the measured sectors, this participant uplinked a correct instruction but forgot to inform
the TC.  This instruction interfered with an instruction being issued by the TC.

For this participant, maintaining a good shared awareness of the situation by communicating
effectively and efficiently with his/her team member was not evident.  Apparently, this participant
was convinced that maintaining an overall picture was only a matter of being skilful in monitoring.
To the question: "Were you surprised by the behaviour of your team member?" this participant
answered: “Yes, the TC has a very good overall picture“.  Despite being aware of his/her
limitation, reporting that he/she sometimes focussed too much on one problem or sector area, this
participant never tried to counter the poor shared awareness of the situation by communicating
more with the TC.

Figure 115 shows the variation of the frequency with which the TCs reported feeling focussed too
much on one problem or part of the sector as a function of the level of datalink equipage for
various combinations of sector and traffic level.  The frequency scale ranged from 0 (with a
meaning of never) to 5 (with a meaning of often).
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Figure 115:  Variation of the frequency (ranging from never - 0 - to often - 5)

The variation of the frequency (ranging from never - 0 - to often - 5) with which the TCs reported
feeling focussed too much on one problem or part of the sector as a function of the level of datalink
equipage for various combinations of sector and traffic level.

This figure indicates that, for about half of their time, the participants that occupied the TC position
of both the SE and SW sectors also felt that they focussed too much on a single problem and/or
area of the sector.  Again, the participants had this feeling more often at the lower levels of datalink
equipage and the highest level of traffic.
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The participants that had the feeling the most were Participant 7, with an average response of 4.3,
Participant 1, with an average response of 3.5, and Participant 2, with an average response of 3.4.

Again, Participant 7 often reported feeling being focussed too much on single problem and/or
sector area when he/she was the TC.  Despite this feeling, as TC, this participant continued to be
willing to perform all tasks (including ground-ground co-ordination) without adequately
communicating with his/her team partner and sometimes even without taking the advice/warning,
given by the PC for solving a problem, into account.

Further investigations should clarify the skills and procedures required for working with the datalink
with the new way that tasks are shared between team members.

The process, including sector resource management, of building situational awareness was
affected by the introduction of the datalink.  More communication and co-operation was required.
A new monitoring process supported by a new communication process was identified as essential.
In this environment, the situational awareness that the PCs needed required them to be actively
(and not passively) focussed on the screen.  This type of behaviour is significantly different from
current working methods, where some measure of awareness comes from listening in to the voice
channel.  With a datalink, the information about the clearance issued is still available, but only on
the screen, in the cleared aircraft radar label only.

The information that is (passively) passed between a TC and his/her PC when he/she issues an
instruction by radio, and which is missing when an instruction is uplinked by datalink, should be
replaced by intra-team communication.  The procedures, in terms of communication, should be
well defined because it is not necessary to communicate verbally every instruction that is uplinked
by datalink.

Whether a TC was notified before or after an intervention by a PC depended on the situation.  As
with the current working methods for co-ordination, it was a matter of teamwork.

The PC had to evaluate:

• if it was better or not to get TC approval first;
• if approval was not required but feedback was necessary, or
• if he/she could intervene totally independently.

Circumstances when the PC must inform the TC should not be let to the unique appreciation of the
PC detailed and shared rules should be defined.

Nevertheless, the display of datalink information had advantages and disadvantages.
Theoretically, no important information was lost, and all information was commonly available, as is
current practice.  All control actions and responses were displayed on both controllers’ screens.
The risk could be the saturation of the visual channel due to the unique source of information.

It was confirmed that, with datalink, the R/T occupancy was reduced. This could be beneficial if the
time saved could be re-allocated to decision making and planning tasks. This could also enable
more time for co-operation and communication between the TCs and the PCs.

With the new way to share PC and TC tasks and the new potential responsibility for the PCs,
safety and efficiency relies even more on the quality of the teamwork and communication.  They
could, to a certain extent, become like two TCs controlling the sector.  Training, including Sector
Resource Management, will need to evolve to cope with this.  Further studies are required.
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In the scenarios for the DOVE-1 RTS, the controllers’ time horizons for intervention overlapped.
PCs could send non-time-critical “tactical“ instructions, such as Direct or Level changes, to an
assumed aircraft.  In the EATMP environment, with no datalink but with OLDI-SYSCO, a PC can
intervene on entering aircraft only indirectly, when he/she either co-ordinates new entry conditions
with the previous sector, or prepares new exit conditions that, if approved, will be issued by the TC.

As both the PC and the TC can use the datalink, decisions and subsequent interventions could
even become contradictory if the controlling strategies of the PC and TC are different.

Teamwork and Performance

With the datalink, the PC can perform planning and tactical tasks.  Those tactical tasks that may be
allocated to the PC have a tendency to be more time-critical.  The need to manage these tasks
may leave little time for pure planning tasks. The participants commented that they did not want the
PCs to be burdened with tasks such as transferring aircraft if this would impact on their other
responsibilities.

It is interesting how the performance of a team relied on the acceptance of the new way of sharing
tasks and on the communication on the suite.  The participants were asked to illustrate the
situation where the performance of the team was the most improved by the use of the datalink and
they replied as follows:

• “By sharing the workload the performance is very improved”;

• “In high traffic levels, working with a planner who was co-operative”;

• “When the TC [is] not dealing with transferring the aircraft to the next sector [he]
has more time to pay attention to solving conflicts and provide more efficient
routes”;

• “when the PC is responsible for 1) assuming datalink aircraft 2) transferring
datalink aircraft 3) marking potential conflicts 4) ground-ground co-ordination and
when the TC is responsible for everything”;

• “You can have more time to talk between each other so there is a sort of back up”;

• “During heavy traffic the TC could delegate the PC to issue clearances for traffic
not conflicting and in this way to give more attention to solve conflicting
situations”; and

• “I had a good relationship with all the ATCOs I worked with.  The performance is
not connected with the use of datalink but with the agreement inside the team.”

All these responses confirmed that the datalink was perceived to be beneficial, enabling the
workload to be partitioned better between the PC and the TC provided the requirements in terms of
co-operation and communication are clearly identified.

All the participants agreed that the fact that the PC was responsible for transferring datalink-
equipped aircraft did not increase the TC’s task of monitoring.

Statement Agree Undecided/No opinion Disagree No reply

The PC being responsible for the
transfer does not increase the TC
task of monitoring.

5 2 0 0
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The real benefit, however, will depend on the definition of clear procedures defining the context
and the rule of exception. One participant commented that: “sometimes as TC you tend to do
the transfer yourself if you think that PC will not do the transfers“ while another added
“sometimes I think it is easier for the TC to transfer a datalink-equipped aircraft instead of
waiting for the PC to do it.”

But, more seriously, procedures must be designed to avoid unsafe situations, such as the one
where a PC transferred a datalinked-equipped aircraft to which the TC wanted to send an
instruction via the R/T.

The transfer of control for datalink-equipped aircraft should be delegated to the PC provided that
the TC agrees and, in the case of non-standard conditions, the PC asks for the TC's approval first.

8.5.2.3. New task partition and time horizon overlap

Four out of the seven participants agreed that the air-ground datalink enabled tasks to be
beneficially re-distributed between the PC and the TC.

Statement Agree Undecided/No opinion Disagree No reply

A/G datalink enables a beneficial re-
distribution of tasks between the
PC/TC team.

4 1 2 0

The participants who disagreed were the same ones who experienced unsafe situations because
some of their team partners under-estimated the risk attached to the new attribution of some tasks
to the PC.  Once the trust of the TC with regard to the PC was impaired, the benefit of the new
partition of tasks was significantly reduced.

If some participants particularly liked the new PC role, making comments like: “If [there is] no
conflict the PC should be able to do what he wants”, some of them were reluctant to have the
issuing of instructions by datalink delegated to the PCs:  “I had problems working as TC with
the PC that could have the possibility of access to issue clearances.”

The new partitioning of tasks between PC and TC that was made possible by the datalink will be
beneficial, but only under certain well-defined conditions in order to avoid extreme situations where
a PC sent a datalinked order that interfered with an order sent by R/T by the TC.

Some participants did identify the risk; one commented that the “PC should be more tactical but
not in the time horizon of the TC“ and another added “both can act as 2 TCs provided they
have the same way of controlling.  Nevertheless the PC must remain a planner too”.

Although one participant did not express any limitation to the new working method of the PCs, the
other six made the following comments:

• "It is almost impossible to give the planner some of the TC's duties because they
could have 2 different ideas to solve a conflict. Only the "transfer" is practicable”;

• “Only if they are prescribed and team members are aware of their own tasks”;

• “It's very important to define the responsibility of the PC and TC otherwise
confusion could arise”;

• “A high level of discipline is required for sector team members, since the PC can
interact with aircraft”;
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• “We have to be very careful with the procedures regarding the distribution of tasks
between the PC and the TC because of the possibility of issuing heading and CFL
to datalink aircraft by PC by mistake or on purpose which can create (result) in a
dangerous situation”; and

• “It's too early to determine if there will be a real beneficial re-distribution of tasks
in the team. This statement is strongly connected with the relationship between the
TC and the PC”.

From a human factor’ perspective, it is interesting to note several attitudes, even in the context of a
simulation.  First, the participant who enjoyed the new tasks of the PC the most was apparently not
aware of the risk attached to his/her method of working. In terms of controlling, this participant's
decisions were fully correct but they were non-explicit and, thus, not shared by his/her TC.  This
participant was also apparently not aware of his/her very isolated way of working and of the
amplitude of the risks being taken.  Despite the unsafe situation encountered, this participant did
not really change the way he/she worked in the team throughout the simulation period.

Second, the participant who, as TC, was working with the previously-discussed participant never
really argued with him/her or discussed with him/her to make him/her change.  The first time this
happened was after a request by one of the observers that the incident is reported on the post-
exercise questionnaire.

This points out again the value of training controllers on safety culture including team resource
management and trust.  It appears that, at least, it should be part of the training before a
simulation. It could be performed via one-to-one and/or team interviews with the support of replays
of situations.

8.6. SAFETY INCREASE

Although all participants agreed that the concept of operations for the air-ground datalink was easy
to understand and all participants would recommend the datalink implementation to other
controllers they were aware of the possible safety issues.

In the post-simulation questionnaire, the participants reported their final thoughts both about how
much they trusted the datalink and about its ability to make control safer.

Four participants felt that the ATM system was safer because of the availability of CPDLC.

Statement Agree Undecided/No opinion Disagree No reply

Availability of CPDLC makes you
feel that the ATM system is safer. 4 3 0 0

The three participants who were undecided required “more widespread (operational)
experience with datalink“.

Three of the participants felt that the ATM system was safer because of the availability of the CAP
service (including the PPD and turbulence services).

Statement Agree Undecided/No opinion Disagree No reply

Availability of CAP (including PPD
and turbulence) makes you feel that
the ATM system is safer.

3 3 1 0
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Four of the participants felt that the ATM system was safer because of the availability of the ACM
services (transfer/assume).  The other three did not feel that the ATM system was safer.

Statement Agree Undecided/No opinion Disagree No reply

Availability of ACM
(transfer/assume) makes you feel
that the ATM system is safer.

4 0 3 0

Although one participant commented that it was a “Very nice tool” without any reservation, others
pointed out the following reservations:

• “I think that it helps me but not in terms of safety.  It happened that my TC
assumed 2 datalink-equipped aircraft automatically without a proper identification
and the previous sector transferred them to us in conflict so that, after 10 miles, we
had an STCA for them.”

• It is useful “If assuming is not done automatically and if the TC is paying some
attention to the monitoring of aircraft, and not just quickly clicking on it.”

• “It can reduce the workload of the TC but could generate confusion and we miss
the check of mode C.”

Three participants felt more confident because of the presence of the datalink.

Statement Agree Undecided/No opinion Disagree No reply

Datalink makes you feel more
confident (of doing a safe job). 3 2 2 0

A participant commented: “I think the datalink helps me to offer a better service to the needs
of pilots but not in terms of safety”. A second added: “It depends on the amount of traffic,
the complexity of the airspace, the described procedures”, and a third said: “I had a bad
experience with my PC and so I was working with less confidence because the PC was
issuing clearances without co-ordinating with me and so was giving me the feeling that the
situation could change without my control”.

Four participants thought that the datalink reduced the likelihood of a controller making an error.

Statement Agree Undecided/No opinion Disagree No reply

Datalink reduced the likelihood for
ATCO error. 4 3 0 0

One said that: “it reduces the possibility of the TC making an error but could result in an
unsafe situation if the PC acts in the way I mentioned previously”.

Four participants thought that the datalink would not increase the impact of a controller error.

Statement Agree Undecided/No opinion Disagree No reply

Datalink will not increase the impact
of ATCO error. 4 2 1 0

“In some cases it could increase ATCO errors (PC + TC).” said one participant.



EUROCONTROL DOVE-1 Real-Time Simulation

126 Project AGC-Z-DO - EEC Report No. 383

Four participants thought that the types of controller error associated with datalink-equipped
aircraft were different from those associated with non-equipped aircraft.

Statement Agree Undecided/No opinion Disagree No reply

ATCO errors associated with
datalink were not different than
those associated with non-equipped
aircraft.

1 2 4 0

8.6.1. Analysis of the context of losses of separation

An analysis of losses of separation alone is insufficient to determine all safety issues; it provides,
nevertheless, some clues.  Figure 116 shows the number of slight, moderate, and severe losses of
separation that happened during the measured hours in both sectors SE and SW for the 120%
traffic samples.  (The terms "slight", "moderate", and "severe" refer to three categories of the
maximum calculated value of an aircraft proximity index, IAPI5, that "measures" the severity of a
loss of separation.  The value of this index ranges from 0, for two aircraft that do not loose
separation, to 100, for two aircraft that collide.)
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Figure 116:  Number of severe, moderate and slight losses of separation in sectors SE (left-hand graph)
and SW (right-hand graph) - 120% traffic samples in Org. A

The number of severe, moderate and slight losses of separation in sectors SE (left-hand graph)
and SW (right-hand graph) as a function of the level of datalink equipage for the 120% traffic
samples in Org. A.

Figure 117 shows the equivalent information for the 140% traffic samples (this time summed over
all three organisations, A, B, and C).
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miles respectively).
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Figure 117:  Number of severe, moderate and slight losses of separation in sectors SE (left-hand graph) and SW
(right-hand graph) - 140% traffic samples in Orgs. A, B, and C

The number of severe, moderate and slight losses of separation in sectors SE (left-hand graph)
and SW (right-hand graph) as a function of the level of datalink equipage for the 140% traffic
samples in Orgs. A, B, and C.

The number of losses of separation may indicate a possible safety problem but, to be fair to the
participants, it must be remembered that the participants were advised that the STCAs (Short-
Term Conflict Alerts) would not be taken into account to assess their ability to control in given
traffic situations.  Also, they were advised that the purpose of the simulation was not to analyse the
safety of the datalink system, given that it was still the very early phases of validation for most of
the datalink services simulated.  So, that the participants could “play” with the STCA system.
During simulations, it is not unusual for some participants to let a situation develop in an
uncontrolled manner on purpose to see the if the STCA system would detect the problem.  It is part
of the process of building trust between a participant and the system.  In the DOVE-1 RTS, it was
impossible to know or not if a STCA had occurred because the controllers wanted it to happen.
Consequently, the interpretation of the measures below is not conclusive.  Nevertheless, some
tendencies can be highlighted.

First, there is an effect of sector: more losses of separation occurred in the SW sector than in the
SE sector.  This seems to confirm the difference of workload reported by participants.  (See Figure
116 and Figure 117.)

Second, there is an effect of traffic load: more losses of separation (and more critical ones)
occurred when the traffic level was 140% than when it was 120%.  (See Figure 116 and Figure
117.)

Third, there is an effect of training/experience as well; 4 out of the 5 severe losses of separation
happened at the start of the simulation (in the first 5 measured exercises, specifically the second
and fourth exercises that were run on 28 May 2002 and the second exercise that was run on
29 May 2002).

Lastly, there was also an unexpected effect of the level of equipage (see Figure 116 and Figure
117).  In the context of the simulation, it appeared that the greater the level of datalink equipage,
the lesser the number of losses of separation and the lesser the severity of them.  Effectively,
participants commented that the spending less time talking on the R/T freed time allowing them to
spend more time on conflict detection and analysis.  Nevertheless, we cannot conclude that
DOVE-1 RTS proved that the datalink made the control safer because we observed some really
unsafe situations.  It should be noted that there was no MTCD (Medium-Term Conflict Detection)
system in place.
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Replaying the portions of those exercises where four of the severe losses of separation occurred
(namely, for the SE sector, the second exercise of 28 May 2002 and, for the SW sector, the fourth
exercise of 28 May 2002, the second exercise of 29 May 2002, and the second exercise of
3 June 2002 6) without a record of the PC/TC communications does not allow us to conclude that
the datalink system was responsible. A risk exists, however, that cannot be ignored because it is
mainly human skill dependent.

Most of time, the losses of separation were not so critical; there were, however, some severe ones.

• In the second exercise of 28 May 2002, Participants 2 and 5 manned the SE sector.  The
traffic level was 140% and the level of datalink equipage was 50%.  At an exercise time
of 10:42, while there was between 25 and 28 aircraft assumed, a moderate loss of
separation occurred between 2 aircraft that were crossing each other in both the lateral
and vertical dimensions.  The observer recorded the occurrence of a STCA.  As both the
controllers were very quiet at that time, it was assumed that a datalink order issued by
the PC had interfered with the TC's intervention.  (There is no direct evidence and the
non-critical loss of separation did not last long.

• Again in the second exercise of 28 May 2002, Participants 4 and 6 manned the SW
sector.  At a time when there was between 23 and 25 aircraft assumed, a severe loss of
separation occurred between 2 crossing aircraft (the minimum horizontal separation was
only 2.75 nautical miles) because the TC solved a previous conflict between two aircraft
but did not see that the solution created another one.

• In the second exercise of 29 May 2002, Participants 2 and 6 manned the SW sector.  The
traffic level was 140% and the level of datalink equipage was 50%.  At an exercise time
of about 11:00, when 20 aircraft were assumed, the TC started to solve a crossing
conflict at FL340 (between THY581 and CTN482) by climbing one of the aircraft to FL360
resulting in a head-to-head conflict with an aircraft (BAW862) coming from the north.  It
seemed that the TC was expecting this last aircraft on another route further away.

This conflict occurred because the TC had a poor traffic picture at that moment.  This
participant commented that, when the traffic increased, he/she sometimes assumed
entering datalink-equipped aircraft too quickly without fully checking the flight plan and
without fully updated his/her picture.

                                                
6 The fourth exercise of 28 May 2002 cannot be replayed and analysed due to a technical problem.
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• In the same exercise, a second severe loss of separation occurred in the SW sector a
few minutes after the first one.  At an exercise time of about 11:09, when 29 aircraft were
assumed, the TC first solved a conflict between 2 aircraft (TRA3271 and CCA9003) that
were both at FL340 by descending one of them (TRA3271) to FL300.  Then the TC
cleared a third aircraft (C8BER) to its XFL of FL290.  This provoked a conflict between
the two descending aircraft (C8BER and TRA3271).

Again, the TC gave the Descent datalink orders.  The conflict could have arisen because
the Descent order that was passed by datalink was acted on late.  But the datalink-
equipped aircraft applied the same vertical speed as the non-equipped aircraft.   It was
more likely a problem of poor situational awareness: the TC simply not seeing the
problem between the two aircraft descents.

The PC did not report that he/she was stressed or surprised by the intervention of his/her
colleague.  The TC, however, reported in the post-exercise questionnaire (as mentioned
above) that it was difficult to maintain the picture in this exercise.  The overlapping of
radar labels was reported as being a major cause of workload as was the radio
communication load.  The TC was also sometimes surprised by what the PC did
(responding with a value of 3 on a scale from 1 to 10).  This once again indicates that
explicit oral feedback on the commands the PC is issuing is indispensable.  Otherwise,
the TC has to over-monitor the traffic.

The moderate loss of separation occurred for the same reason.

• In the first exercise of 28 May 2002, Participants 1 and 6 manned the SE sector.  The
traffic level was 140% and the level of datalink equipage was 75%.  At an exercise time
of 10:29, when there were 16 aircraft assumed (and just after a peak of 18 aircraft for the
TC and a a peak of 31 aircraft for the PC), a moderate loss of separation occurred
(between IDOVE and SAS694) on entry into the south-eastern part of the sector.   This
indicates a problem in the situational awareness of the TC but there is no evidence that
this was due to the datalink system.

• In the same exercise, Participants 5 and 7 manned the SW sector.  At about 10:51, when
26 aircraft were assumed, the TC reported a Very High workload.  The TC solved a first
conflict between 2 aircraft (MAH500 and THY500, one from the north east, the other from
the south east) that were crossing at FL360 with the one from the south east being
followed by another aircraft at FL340 by descending one of them to FL340.   The
following aircraft on FL340 caught up with the descending aircraft and had to be
descended to FL 320.

The datalink system doesn’t seem to be directly responsible but the fact that one of the
aircraft at FL360 in the south east had been given a Direct instruction by datalink,
provoked the conflict; if it had not been put on a direct route, this aircraft would have
passed behind the other one.  This situation illustrates that if a PC controls an aircraft via
the datalink without informing the TC, this may lead to an unsafe situation.

• In the first exercise of 7 June 2002, Participants 1 and 2 manned the SW sector.  The
traffic level was 140%, the level of datalink equipage was 95%, and both FLIPCY
checking and areas of turbulence were present.  At about 10:55, when about 15 aircraft
were assumed, 2 conflicts occurred within 3 minutes.   First, a crossing conflict was
solved by giving one of the aircraft concerned a new CFL but the descent started so late
that the descending aircraft was caught up by a third aircraft.   Again, problems with the
situational awareness of the TC may have led to him/her not being aware of the
overtaking aircraft.  Perhaps the TC was focussing too much on the descending aircraft.
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• In the third exercise of 4 June 2002, Participants 3 and 7 manned the SE sector.  The
traffic level was 140%, the level of datalink equipage was 95% and there was no FLIPCY
checking nor areas of turbulence.  At about 10:38, when 26 aircraft were assumed, the
TC solved one conflict by issuing a Heading instruction by datalink when, in the same
area, another conflict occurred (involving AFL311 and LAZ7327).  Prior to this conflict,
there was no STCA.  Without a complete record of what the TC was doing i.e. on the R/T
and telephone and elbow co-ordination nothing specific can be concluded. Nevertheless,
we can note that both of the sector team members had a poor picture of the situation at
that time because neither of them intervened in time to solve the conflict.

We can suspect that the TC was probably focussing too much on the result of the
Heading instruction he/she gave, but it is also possible that he/she was keeping an eye
on what the PC was doing as well.  Any mistrust between the team members results in a
need for extra-workload and the over-monitoring disrupts the planning activity.

If most of time the delegation, from the TC to the PC, of the issuing of instructions by datalink for
the resolution of non-time critical problems was beneficial, it also led to some potentially safety-
critical situations.  For example, a PC could solve a problem and then transfer the aircraft involved
without saying a word to the TC.

It is likely that a TC could be annoyed by a PC doing some of the tasks that the TC was supposed
to do (like responding to pilot requests or resuming an aircraft on its track after a Heading
instruction).

It should be noted that, in the teams where the communication between the PC and the TC was
not optimum, the overlapping of tasks remained until the end of the simulation, so that the
frustration increased too.   When the level of frustration is high, the tolerance threshold drops so
that any non-explicit intervention by the PC could easily annoy the TC even if it is not safety critical.

We observed situations where a PC issued orders by datalink to several aircraft that were
physically located in an area of the sector that was opposite the area of the sector where the TC
was dealing either with a series of aircraft that had to be assumed or with a problem to be
resolved.  Without a History Log window, the TC might not be able to update his/her SA properly.

So far, it seems that losses of separation were mainly due to the TCs, and, probably, the PCs too,
having a poor picture of the traffic.  (The PCs were not assuring their role of assistant to the TCs
that included reminding and/or advising the TCs in cases of loss of separation.  There is no
evidence that the datalink system was responsible for the poor SA of the controllers.  In some
cases of losses of separation, it seems that none of the controllers detected the conflict or the
STCA.  It is possible that look-ahead time for the STCA system was so short that a PC, being
focussed on his/her task of transferring aircraft by datalink, could miss it.  An assessment should
be made about how often this might occur (via scanning pattern recording and analysis).  As the
participants reported they were never overload for a long period of time, it may indicate a certain
over-confidence in their capabilities.

8.6.1.1. Losses of Separation, Controller Profile and Datalink

Most of the losses of separation occurred when three particular teams happened to be controlling.
This would seem to indicate that the controllers' profiles and communication skills is important.

In one team it is interesting to note that, although no severe or moderate losses of separation were
registered, one of the team members complained in the post-exercise questionnaire that the PC
had delivered instructions by datalink without informing the him/her.
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Either this participant was referring to the slight losses of separation that were registered and was
highly frustrated by them or, more likely, this much-experienced participant was referring to
possible severe or moderate losses of separation that would have been caused by the PC issuing
clearances without prior warning and that this participant succeeded in minimising or removing.   In
addition it is interesting to note that this participant did not often require the PC to inform him/her
more.  Perhaps this was because we were only running a simulation and this participant did not
want to antagonise his/her team member who had only a few years of experience.

It was the team with Participants 1 and 2 that encountered the most problems: this team had 6
moderate and 1 severe losses of separation.  If we look at those exercises for Organisation A only,
it was Participant 6 as the PC (with Participants 4,2, and 1 as the TC) who encountered the most
problems, specifically 3 severe and 2 moderate losses of separation.  Participant 5 as the PC (with
Participants 2 and 7 as the TC) who experienced 2 severe losses of separation.

Despite the reported lowish levels of workload, the analysis of the losses of separation confirms
that the traffic was not always so easy to control for some participants.  First, the team that
encountered the most problems contained the participant who complained the most about the
possible incompleteness of his/her SA when the datalink-equipped aircraft informed, by datalink,
that they were monitoring the frequency.  In addition, this team had the PC that showed the
strongest leadership / assertiveness.  It is possible that this PC may have distracted the TC too
much from carrying out his/her proper task when the PC informed the TC about what orders
he/she, as PC, was issuing by datalink.

Also, we must note that some participants, as TC, complained about the PCs interfering with their
way of controlling, leading to conflict situations for which there is no recorded trace (as the TC
recovered the situation in time) This highlights the real need for another methodology and
techniques to capture, report and assess the unsafe situations and events in order to better assess
the ability to recover an unsafe situation.

8.6.2. Simultaneous PC and TC Datalink Orders

Although the way that tasks were shared between the TC and the PC in DOVE-1 was beneficial for
most of the time, we cannot ignore the fact that there are risks in sharing the use of the datalink
within the sector team.  One of the risks is that the PC and the TC might issue contradictory orders
(e.g. a Climb order by the TC and a Descend order by the PC.  Such a possibility would be
unacceptable because it is too safety critical.

Another risk that is less critical, but that could possibly generate extra workload and/or frustration,
is that the PC and the TC might issue the same order.  As the datalink system as implemented for
the DOVE-1 RTS uplinked one message at a time per dimension, if two similar orders are
constructed and offered to the system for transmission at about the same time, the first order will
be issued and the second one will not.  The controller that tried to issue the second order might
miss-interpret the apparent failure and attempt to make the input again, which will also fail.

The numbers of datalink orders that were performed simultaneously by both the PC and the TC of
a sector during the DOVE-1 RTS are listed in the table below.
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Table 22:  Types of orders given

Types of Orders Given

Order given by PC  Dct Lvl Dct Hdg Dct Lvl Lvl Hdg Lvl Dct

Order given by TC 

Team Participants

Profile PC TC

Dct Lvl Hdg Dct Lvl Dct Hdg Lvl Roc
Rod Spd

Dlk Sub-
total Total

1 2 2 2 3 1 1 1 1 4 15D
6-10
>15 2 1 1 1 2

17

1 6 1 1 2S
6-10

11-15 6 1 2 2 2 2 1 9
11

2 5 1 1D
6-10
>15 5 2 1 1

2

2 6 0D
11-15
>15 6 2 1 1

1

3 5 1 1D
6-10
>15 5 3 1 1 2

3

S
11-15
>15

3 6 1 1 1

3 7 1 1 1 1 4D
6-10
>15 7 3 1 1 1 4 10 17

21

4 6 0D
6-10

11-15 6 4 1 1 1 3
3

5 7 1 1 1 2 6S
6-10
6-10 7 5 1 1 1 1 1 3 9

15

Sub-total 3 3 1 10 12 5 2 3 7 1 27

Total 6 11 17 5 7 1 27

The number of times orders were simultaneously datalinked by the PC and the TC.  The Team
Participants Profile column indicates if the two controllers were of the same nationality (S) or of
different nationalities (D).  It also indicates their controlling experience.  In the Types of Order
column, Dct = Direct, Hdg = Heading, Lvl = Level, and Spd = Speed.  Finally, the Dlk column
indicates the number of downlinked requests that were processed by the various participants.

No working method was recommended concerning the downlinked requests.  It was left to the
participants to define their own "best" practices.  In most of teams, both the PC and the TC
responded to downlinked requests.  In other teams, the relevant participants decided that it was
either a PC task or a TC task.  In some teams, even in the later exercises, both the PC and the TC
continued to answer downlinked requests at the same time.  During the DOVE-1 RTS, this never
led to a critical safety situation in itself because, when it happened, both the PC and the TC always
accepted the pilot requests.  But this sort of behaviour indicates that there was a lack of
communication within the team.  Although it was not a strong safety critical issue, some
participants complained about the PC being responsible for downlinked requests.
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In fact, it is a leadership matter for the TC.  The TC must decide what he/she will reply to and
delegate the relevant tasks explicitly to the PC who then must inform the TC when he/she is
processing the downlinked requests.

At least one situation was observed where a TC issued a Direct order to an aircraft that the PC had
issued one minute earlier.  What happened in this case was that the Direct order given by the PC
resulted in a datalink error being signalled.  On seeing this, the TC reverted to voice to give the
order again but input a datalink order (instead of updating the system with an "R/T" input).

In the table of Table 22, we can see again that there was a team and/or controller profile effect.  In
some teams, the communication was very good and both PC and TC co-operated.  In other teams,
the co-operation was not always optimal.  Some participants, as PC, sometimes intervened too
much.  They did not let the TC deal with a problem until, in the end, they intervened in place of the
TC.  For example, on one occasion, a TC gave a Heading instruction and then the PC gave a
Direct instruction to get the aircraft to resume its own navigation.

There is a problem with the delegation of certain tasks from the TC to the PC: in a situation where
the TC changes his/her mind, who does the update?  In such an event, only the TC should update
the system so as to minimise the opportunity for making an error.  In addition, too many uplink
instructions in the same dimension within a short period of time may impair the pilot's confidence in
the ground control.

On occasions, we observed beneficial co-operation between a PC and a TC where the two
controllers simultaneously input one each of the two instructions needed to solve a problem e.g. a
Level instruction and a Vertical Speed (ROC/ROD) instruction.  When the orders are compatible
like this, it shows the need for combined order (that will be evaluated in the DOVE-2 RTS). If the
two members of a team were talking together before issuing both orders, it shows that there was a
very good level of co-ordination and co-operation between them.  Without this indispensable
shared SA update, there are potential serious safety issues.

8.7. TEAMWORK AND COUNTER-PERFORMANCE AND/OR SAFETY

Again, it is very interesting to note that every participant thought that the datalink would be efficient
if the PC/TC co-operation were to be performed in safe conditions as all of them made a comment
when they were asked, in the post-simulation questionnaire, to illustrate the situation where the
teamwork was the poorest because of the datalink.  Here are some of their comments:

• “Any traffic situation when the PC tries to be (is tempted to be) the TC, because he
can interact with aircraft. Also, when there were too many "DL ERROR" (and NO
REPLY) messages.”

• “Sometimes the PC tried to work as a TC and he forgot to do his duties. And for
this reason and sometimes just by mistake he issued some clearances (for
example a direct routing that the TC didn't want, or changes of levels) that made
the situation less safe.”

• “If there isn't a good agreement between the PC and TC, and the PC takes actions
without co-ordinating with the TC, this could create dangerous situation as
happened to me (working as the TC) in this simulation.”
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• “We have to be very careful with procedures in a datalink environment because of
the importance of very good team co-operation (TC and PC). The possibility for the
PC to input CFLs and headings (either by mistake or for another reason) can be
very dangerous. Procedures and practices must be in place in a very clear way
(what is whose responsibility). The same applies to the working methods that are
going to be applied.”

• “The possibility of the PC to input CFLs or headings in the case of bad teamwork
and/or team roles that are not strictly allocated can be unsafe.”

• “We had to co-ordinate [in the sense of co-operate] so as to not have overlapping
instructions (assuming, transferring, direct routes, etc).”

These comments apparently indicate that the act of running three exercises a day in addition to
having discussions during the global debriefing sessions gave those participants who co-operated
in an unsafe way the opportunity to become aware of the safety issues.  The operation of good
practice should be evaluated with these same participants.

The act of giving the authority to issue datalink clearances to the PCs could result in PCs
becoming over-confident in both their own, and the datalink performance.  This could lead to the
datalink being used in unsafe situations.  During periods of high traffic load, the PC could be
tempted to issue clearances by datalink so as to assist the TC.  Unfortunately, there is a risk that
such help would, in fact, provoke an increase rather than a decrease in the workload of the TC.
First, with the datalink, the PC could intervene simultaneously with the TC.  This could give rise to
a conflicting situation.  For example, in response to a possible conflict between two aircraft:

• both the PC and the TC may each issue an instruction by datalink but the PC might send
his/her instruction to one of the aircraft while the TC sends his/her instruction to the other
one; or

• the PC and the TC may issue different types of instruction by datalink to the same
aircraft.  To date, only the limitations of the HMI as implemented for the DOVE-1 RTS
restricted the input of two clearances of a similar type, such as a Direct clearance and a
Heading clearance.

Second, the PC could issue an instruction by datalink that:

• becomes tactical and must be re-issued by R/T by the TC; or

• fails (resulting in, for example, a "DL ERROR" message) so that the TC must re-issue it
by R/T.

In order to avoid interference between clearances issued by the PC by datalink and clearances
issued by the TC, it would perhaps be possible to limit the access to the datalink for the PC
position.  Such a solution, however, would go against a higher level safety requirement, namely
that there must be no HMI limitation on the working position of either team member so that either
working position could be used as a fallback solution in the case of a technical failure, and so
would be unacceptable.

So, the potential benefit of the provision of a datalink in a new PC/TC task-sharing environment
would be valid only if relevant procedures are developed.  The working method must be extremely
well designed and clear, and be fully agreed upon by both the controllers on a sector suite.

The DOVE-1 RTS has confirmed the potential for a new, flexible, and beneficial sharing of tasks
between the PC and the TC.  The re-allocation of tasks can, however, significantly affect controller
teamwork and situational awareness.  The impact of the re-allocation of tasks on control efficiency
and safety needs to be studied further (based on scenarios and safety cases).
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8.8. CAPACITY AND LEVEL/QUALITY OF SERVICE INCREASES

The DOVE-1 RTS demonstrated that the reduction in the occupancy of the R/T, which was
proportional to the level of datalink equipage, did not always produce a similarly proportional
reduction in the workload of both the PC and the TC.  Also, the level of stress could augment very
quickly when the co-operation and communication between the members of a sector team was not
optimal and when the individual interventions by the PC and the TC were in conflict.

As the DOVE-1 RTS was not tailored to evaluate any increase in sector throughput, no
quantitative data were analysed.

The participants were asked whether the provision of an air-ground datalink enabled them to
provide the airspace users with a better level of service (i.e. more compliant with pilot preferences
and enabling a reduction in fuel burnt and/or distance travelled).  Most of the participants agreed

Statement Agree Undecided/No
opinion Disagree No reply

A/G datalink enabled you to provide a
better level of service (more compliant
with pilot preferences).

4 2 1 0

and two made the following comments:

• “I could work more comfortably when there was a high percentage of datalink-
equipped aircraft. Thus, having more time to respond to pilot requests.”

• “Yes, by using PPD information, CAP and FLIPCY”

There was no evidence that capacity had increased and there was no significant effect of the level
of equipage on the workload.  The only result was the reduction of the occupancy of the R/T
frequency as more and more aircraft were assumed and transferred by datalink, as more and more
aircraft data was reported via the datalink, and as more and more non-time critical instructions
were uplinked.  One participant even commented that “the datalink enables a significant
reduction of R/T. We revert to voice only if technical problem arises”.

None of the participants felt under more pressure than usual when handling datalink-equipped
traffic because, as one commented: “you use datalink communications with a different
working method”.

Statement Agree Undecided/N
o opinion

Disagree No reply

You felt more pressure than usual
when handling air-ground datalink
traffic.

0 0 7 0



EUROCONTROL DOVE-1 Real-Time Simulation

136 Project AGC-Z-DO - EEC Report No. 383

8.8.1. Impact of Equipage

All the participants found that controlling a 50:50 mix of datalink-equipped and non-equipped flights
was more demanding than controlling traffic where nearly all (95%) of the aircraft were datalink-
equipped.

Statement Agree Undecided/No
opinion Disagree No reply

Controlling a mixture of A/G datalink
and non-equipped flights (50%) was
more demanding than controlling
nearly all A/G datalink flights (95%).

7 0 0 0

The participants made the following types of comment as to why:

• “Because you have to use two different working methods related to the different
communication channels.”;

• “In a busy situation, the TC could be misunderstood (e.g. updating a non-equipped
aircraft label with a cleared level without talking to the pilot thinking it is a datalink-
equipped DL aircraft.”;

• “A mixture of datalink-equipped and non-equipped flights results in congestion of
the R/T but even a mixture (50%) is better than no datalink-equipped aircraft.”; or

• “At least in the simulation I feel better and I think it is easier to handle traffic with
the datalink, so the more datalink-equipped aircraft there are the easier it is for me
to handle the traffic.”

8.8.2. Impact of New PC /TC Task Partition 

The data collected from the DOVE-1 RTS produced no evidence that workload was reduced
because of the availability of the datalink.  But, as was reported above, most of the participants
agreed that making PCs responsible both for the transfer of datalink-equipped aircraft and for
responding to downlinked requests might be beneficial.

The possible benefits of delegating conflict resolution to the PCs are less obvious.  The benefit
might be reduced to zero if PC datalink actions provoke conflicts.  In any case, the benefit might be
limited if the TC must permanently monitor what the PC is doing.

Three participants thought that the datalink did not reduce the need to re-distribute tasks and
activities during periods of high workload.

Statement Agree Undecided/No
opinion Disagree No reply

Datalink reduced the need to re-
distribute tasks and activities during
periods of high workload.

1 2 3 1
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This statement was meant to be quite provocative.  In periods of high workload, the datalink should
be beneficial because of the reduction in the occupancy of the R/T frequency.  The participants
commented that “when they talk less they think more”.  If they were to anticipate better, their
workload should be reduced.  But, if (high) workload is mainly due to tactical problems, the
availability of the datalink will be of no help.

8.8.3. Impact of Traffic Density

Most of the participants stated that the density of the traffic has an influence on the possible
benefits of the datalink.

Statement Agree Undecided/No
opinion Disagree No reply

Density of traffic influences the benefit
of datalink. 5 0 2 0

One participant commented: “In a situation of heavy traffic, ATCOs must revert to voice and,
during the initial period, the use of datalink could create some misunderstanding between
pilots and ATCOs”.

Besides the fact that a pilot might be surprised to receive an instruction by R/T although his/her
aircraft was datalink-equipped, this comment stresses the need to also define responsibilities,
procedures, and rules for the pilots.  For example, it may be necessary to state that any clearance
by R/T will annul and replace a clearance previously delivered by datalink.

Four of the seven participants thought that the datalink would enhance capacity significantly
without generating unbearable workload.

Statement Agree Undecided/No
opinion Disagree No reply

Datalink will enhance capacity
significantly without generating
unbearable workload.

4 2 1 0

The participants provided the following reasons in support of their thoughts:

• “But what happens if the datalink fails? Then you have a large number of aircraft
on R/T, which is dangerous.”

• “It's a different working method so it's difficult to define what will be the impact on
team workload. Anyway, transferring some tasks to the PC could help the TC for a
better understanding of problems inside the sector.”

• “Not that significantly- of course by reducing our workload by using the datalink
we can accept some more aircraft but I'm not sure that the number is so
significant. In a simulation environment it is OK but in real life we can not afford
the possibility to press the High or Very High [ISA] buttons.”

• “But we must be very careful about the level of workload bearable by the ATCOs.
We must not fall into the trap that, with datalink, we can double capacity.”
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• “The period of time that the controller needs to analyse a situation is the same in a
datalink and a non-datalink environment so his level of stress is almost the same.”

• “Capacity is increasing but workload too, maybe with a different rate.”

Finally, one participant commented that he/she would recommend datalink to other controllers
“because it is very beneficial”.
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9. RESULTS - OBJECTIVE 5 – FAST-TIME MODEL REFINEMENTS

The way the DOVE-1 RTS was run meant that no new information has been obtained that could
help to refine the fast-time model.  This objective has been postponed until a future DOVE real-
time simulation.
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10. CONCLUSIONS AND RECOMMENDATIONS

This section provides a record of those main points summarised at the end of each objective
section.

10.1. OBJECTIVE 1 - ADAP SERVICES

The ADAP services evaluated during the DOVE-1 RTS included:

• the PPD services (preferred cruise flight level, maximum attainable flight level, preferred
speed, and current configuration minimum / maximum operational speed), 

• the CAP services (current heading, current speed, current rate of climb/descent, and
turbulence), and 

• the [2-D] FLIPCY service (detection of any discrepancy between the planned route stored
onboard an aircraft and the corresponding planned route stored in the ground system).

More information about the services can be found in the Section [4].

10.1.1. The PPD Service

The participants were convinced that the provision of the PPD services would help them to plan the
traffic better.  It seems that the PPD services would be more useful as a tool for the PCs than for
the TCs.

Downlinked pilot preferences were complied with/cleared on only a few occasions: in fact less than
10% (specifically 12 out of 142) of the downlinked preferred flight levels were cleared and not one
of the 50 downlinked preferred speeds were cleared.  There were two main reasons why the level
of controller compliance with the downlinked pilot preferences was low; the first was that the
opportunity to comply was partly limited by the complexity of the simulated traffic and the second
was that the ease to comply was partly limited by the CWP HMI.

As the specified HMI for the PPD service functionality (see the section on HMI and [4] was not fully
implemented for the DOVE-1 RTS, the usability should be evaluated again. Moreover, as the
participants requested that they would like to be informed any time a PPD is downlinked, rather
than having to check periodically to see if a PPD has been downlinked, the PPD G-HMI design as
specified for DOVE-1 should be reviewed.

Also, although no preferred pilot speed was complied with/cleared during the simulation, this
service should not be removed.  A controller may have a use for it in other type of traffic and/or in
another type of sector (such as in the (extended) TMA).

10.1.2. The CAP Service

The participants agreed that the provision of the CAP services would improve the tactical control of
traffic.  It would reduce the number of queries requested of the pilots by the controllers.

Three of the participants thought that the provision of the CAP services would help to make the
ATM system safer.  The other controllers were undecided, possibly because, in the DOVE-1 RTS,
the downlinking of turbulence data was one of the CAP services and, as it was implemented, this
service was not wholly agreed with (see details below).
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The level of traffic and/or datalink equipage did not significantly affect the usage of the CAP
services.  There was, however, a tendency for the PCs to decrease their usage of the CAP
services at the highest traffic level as the level of datalink equipage increased while the TCs
increased their usage of the CAP services. 

There was no apparent reason for this.  It may mean that, at the highest traffic level and at the
highest level of datalink equipage, the TC would need to consult the CAP values more in order to
maintain an accurate traffic picture.  This difference in CAP usage by the PCs and the TCs should
be further investigated.  It confirms the feeling that the PCs did not do any tactical control; they
issued only non-time critical clearances.  This will be beneficial if it means that there was no
overlapping of tasks between the PCs and the TCs.  On the other hand, it will not be beneficial if it
means that the PCs were overly-occupied by issuing instructions by datalink and that, as such,
they were not available for being the “second pair of eyes” of the TC.  The way in which PCs build
their SA should be further investigated.

10.1.2.1. The Turbulence Warning – part of CAP Service

The participants were not fully convinced by the utility of the turbulence penetration warning
service because, in reality, in such circumstances, they usually move aircraft only on pilot request.
So, the service was used for tactical control rather than for the planning of that traffic.  The usage
of turbulence data for planning purposes should be further investigated.

In addition, the participants disagreed about the usefulness of the way that the turbulence
penetration warning was implemented in the controllers’ HMI.  The design of the controllers’ HMI
should be reviewed to see if it could be changed so that it will both perturb the controllers less and
clutter the screen less.  An apparently negative effect of the turbulence penetration warnings was
an increase in the overall workload of the controllers in the 3 exercises that were run with areas of
turbulence (i.e. the Org C exercises).

Only a few of the participants agreed that:

• the provision and display of the turbulence severity as a number; and

• the provision and display of the impact of that turbulence on an aircraft of a particular
weight category as a color.

was good.  The design of the HMI should be reconsidered to enable a controller to be aware both
of the location and severity of zones of turbulence and of the aircraft that must leave or avoid these
zones.

10.1.2.2. The 2D FLIPCY Service

The participants were convinced of the utility of providing a 2D FLIPCY service that checked the
consistency between the route that the FMS of an aircraft was going to follow and the route that
that aircraft would follow that was stored in the FDPS on the ground.  They were not convinced,
however, by the utility and usability of the dialogue for accepting, or rejecting, the route stored in
the FMS.

The participants considered that, in the case of any inconsistency, the FDPS route should be
uplinked automatically at the moment that control of an aircraft was assumed (to remind the pilot
about the route to be followed).  It was agreed that it would be a task for the PC to monitor the
FLIPCY warnings.
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Due to a technical limitation (which was nothing to do with the FLIPCY service itself), the
management of the FDPS route after a ground-ground co-ordination following a FLIPCY warning
was too confusing.  This specific event must be reconsidered after the simulator has been
technically enhanced.

The FLIPCY service requirement could be reconsidered in order to limit it to the provision of the
inconsistency detection warning and the negotiation of the route to be complied with should be
performed by the Common Trajectory Co-ordination Service (COTRAC).  The use of these datalink
tools requires further investigation.  From a human factors' point of view, if there is no assistance
from the system to check for conflicts along the downlinked FMS route, it would be of greater
assistance to the controllers if, once it had been planned and checked, the FDPS route was
automatically uplinked when the aircraft was assumed.

10.2. OBJECTIVE 2 - CPDLC SERVICES

The CPDLC services evaluated during the DOVE-1 RTS included:

• the ACM service (all messages related to the transfer of ATC communications including
the transfer of controller/pilot messages both about datalink authority - i.e. NDA, CDA, etc
- and about voice channel changes - i.e. VCI); and

• the ACL service (all the single-order messages including route, altitude, speed and
vertical speed instructions).

10.2.1. The ACM Service – Transfer of Frequency by Datalink

For several reasons, participants considered the transfer by datalink of an aircraft to the next
sector frequency beneficial.  From a safety point of view, no misunderstanding of the frequency
could occur by the pilot.  From an R/T channel congestion’s point of view, the TCs don't need to
repeat the frequency.  And when the routine tasks are performed by datalink, the congestion of the
R/T channel is reduced.

Furthermore, provided shared rules of co-operation, the transfer of frequency could be delegated
to the PC enabling the TC to spend more time for the non-datalink equipped aircraft.  Participants
agreed that the PC should not advise the TC about every transfer if it is done in nominal conditions
- unless the TC required it.  But, in non-nominal conditions such as an early transfer, the PC should
first inform the TC about his/her intention.  (We once observed a PC that transferred an aircraft
before the TC had had the time to send it a further instruction.  This PC possibly had an incomplete
picture of the required tactical intervention at that moment.  Working in both the planning and
tactical time frames, this PC task is surely the most difficult.  The requirement for the PC to be
assisted in building the traffic picture in the tactical time frame should be further investigated.  Also,
it stressed the requirement on the TC to make his/her intentions explicit when they are not
standard.)

10.2.2. The ACM Service – Assumption of Control by Datalink

Participants considered the silent assumption of control beneficial: instead of the pilot of a datalink-
equipped aircraft calling the sector, a Monitoring message was downlinked whenever the aircraft
started to “listen” on the sector frequency.
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For safety reasons, the participants were instructed to wait for the display of the “MONITORING”
message before assuming a datalink-equipped aircraft. Once, a TC assumed an aircraft before the
“MONITORING” message had been displayed, which meant that it was never displayed (as it is not
displayed for an aircraft in the Assumed state).  Thus, it should be possible to display the
“MONITORING” message whatever the aircraft state.  Two working methods will be possible;
either:
1. the TC will wait for the “MONITORING” message to be displayed before assuming the

aircraft and will then assume the aircraft by clicking on this message; or
2. the TC will not wait for the “MONITORING” message to be displayed before assuming the

aircraft and will then have to perform some action to remove the message.

For reasons of safety, the “Assume” action must not be linked to the “MONITORING” message
display.  Other designs should be investigated: a warning message should be displayed for all
aircraft that are in the “Assumed” state and for which a Monitoring message has not been
received in order to draw that aircraft to the attention of the TC7. Once the Monitoring message
has been downlinked, the warning message should be removed automatically.  Moreover, this
design would enable the controllers to distinguish the assumed aircraft for which the Monitoring
message has already been received from the ones for which no Monitoring message has yet
been received.

A proper analysis of the risk of not actively testing whether the voice channel is fully operational or
not before having to issue a time-critical instruction should be carried out. From a technical point of
view, ensuring that voice communications are OK at the moment of assuming an aircraft does not
remove the possibility that the R/T will fail just before a time-critical instruction has to be passed to
the aircraft.  From a human factors' point of view, the possible negative effect of silent aircraft
identification on the sector was stressed. In the exercises with the highest level of traffic, one
participant experienced the feeling of losing situational awareness, assuming aircraft without
checking the flight plan.  An HMI solution, such as automatically presenting the dynamic flight leg
at the moment that control is assumed should be reconsidered.

The silent assumption of control was normally a task for the TCs. But, when a TC became
overloaded, on TC request only, the PC performed some silent assumptions of control too. The
availability of a datalink will enable workload to be more flexibly partitioned.

By the way, a new dialogue enabling the combination of the assumption of control input and a
datalink clearance input, as required participants, should be reconsidered.

10.2.3. The ACL Service

Participants found the datalink useful for the delivery of non-tactical instructions. Every datalink-
equipped aircraft was controlled by datalink unless the situation became tactical at which point the
TC reverted to voice to issue time-critical instructions.

                                                
7 Note that this solution is in line with what is designed in Rome Centre.  Unlike in the EATMP HMI, in the Rome HMI the intermediate state between the

transfer and the assume before the pilot’s first call is strongly highlighted by using a specific colour for the whole radar label.  (Reminder: In EATMP,
only the NS field text colour changes).
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Datalink-equipped aircraft were not treated any differently from non-equipped aircraft (in the sense
that the TCs did not give specific priority to either datalink-equipped or non-equipped aircraft).
From the controllers' point of view, the only differences between the two types of aircraft were that,
for a datalink-equipped aircraft:

• more anticipation was needed to send instructions by datalink, and so the datalink was
used only when time permitted it, and

• downlinked requests could be received, which could be processed only when time
permitted.

The participants confirmed that, if the execution of an instruction was required within a delay of
about two minutes, the R/T was the preferred channel with which to deliver the instruction.  (The
controllers considered that any instruction that needed to be executed within a delay of two
minutes was time-critical.  If more time could elapse before an instruction had to be executed, it
was considered to be non-time-critical.)  Initially, however, even though the controllers were
recommended to use the datalink for non-time critical instructions only, the “new" datalink users
used the datalink in the same manner as the R/T channel, expecting an immediate response.
Quickly though, with the support of the controllers who had participated in the LINK2000+
simulation, they got used to using the datalink for non-time-critical instructions only.

Participants also experienced that a non time-critical action could become time-critical.  For
example, once, before a pilot replied to a Level instruction issued by datalink, the controller had to
revert-to-voice, because the actual level was no longer conflict free.  This implied that, in the case
of a need to revert to voice, it should be possible to make inputs to update the system as quickly as
possible.  For datalink-equipped aircraft, the procedure to update the system in the case of a
clearance made by voice must be as quick as the procedure for non-equipped aircraft.

Participants used the datalink the most for Direct instructions, then for Level instructions, and
occasionally for non time-critical Heading instructions and Vertical Speed (i.e. Rate of
Climb/Descent) instructions in combination with Level instructions.

The requirement for a capability to send combined orders, such as a Level order with either a
Direct order or a Heading order or a Level order with a Vertical Speed order was confirmed.

10.2.4. The Impact of Datalink on Controller Tasks and Skills

The introduction of an air-ground datalink provided an opportunity to modify some of the controller
tasks and skills.  The impact of the use of the datalink was investigated regarding:

• the delivery of, and response to, controllers' instructions;

• the monitoring of the conformance of the behaviour of aircraft with respect to their active
clearances;

• the prioritisation of controllers' instructions;

• the prioritisation of pilots' requests;

• the resolution of conflicts;

• the changing of radio frequencies by means of the datalink and the downlinking of the
Monitor message on first contact;

• the updating of situational awareness; and

• the assistance provided to the TCs by the PCs.
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10.2.4.1. The Delivery and Monitoring of Pilot Responses to Datalink Instructions

The dialogue for composing a message containing the instruction to be uplinked was fully accepted
by the participants.  It was similar to the dialogue for updating the system after a clearance had
been radioed to a non-equipped aircraft.  No other particular skill was required to input a datalink
instruction.  Another skill that was required for this task, however, was the ability to appreciate the
urgency with which the instruction had to be complied with.  But this was also not a new skill.  The
novelty and difficulty, however, was to have to mix two working methods, one where the pilot
response was more or less immediate, the other where the pilot response was delayed.

None of the participants requested that the receipt of Lack messages be indicated in the radar
label in order to ease the wait for the pilot response.  They agreed there would not be any added
value as this indication would not provide any clue on further pilot action.  As the response of the
pilot may be received long after an instruction was sent - up to two minutes in the case of a
Standby response – the participants used the datalink primarily for non-time critical clearances.

The frustration that could arise from having to wait for a longer time for a pilot response to an
instruction passed by datalink was mitigated by the benefits to safety: the possibility for ambiguity
was reduced.  If the mental demand was reduced, the physical demand, however, was not
necessarily reduced; but it was still acceptable.  The new information to be monitored required both
controllers on the suite to be more focussed on the screen.

As it took time and effort to search for a pilot response, the participants explained that they
remained rather focused on the aircraft to which a clearance had been sent.  This strategy of
monitoring prevented most of the participants from sending clearances by datalink to several
aircraft at the same time as did the fact that, in such a case, the first response to be received might
not be from "the pilot that was first in their priorities".  The datalink will not be used when
controller instructions must be sequenced or prioritised.

In practice, usually only Direct instructions that did not interfere with each other were issued
simultaneously to up to three aircraft by the PCs.  These clearances by the PC did not themselves
provoke immediate losses of separation because the situation awareness of the PCs was good;
the problems arose because these clearances were not always necessarily followed by the TCs
and integrated into their awareness of the situation.  On one occasion, a loss of separation
occurred because the TC failed to notice a Direct clearance given by the PC.

The methods for scanning for datalink-equipped aircraft should be further analysed in order to
determine both the future skills that will need to be trained and to what extent these scanning
methods are demanding (physically, mentally, and temporally) and compatible with the scanning
methods required for non-equipped aircraft in a mixed environment.

In addition, given the possibility of both the PCs and TCs issuing datalink clearances at the same
time, further assistance, such as the provision of a "History Log" window, will be required to enable
the controllers to maintain good shared situation awareness.

10.2.4.2. PC Issuing Clearances by Datalink: Advantages and Drawbacks

The data collected during the DOVE-1 RTS confirmed that the availability of the datalink made it
possible to partition the workload between PCs and TCs in such a way that it was both more
equally balanced and more flexible.
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As the traffic in the simulation was not complex, and as the TCs were freed from the routine tasks
of communicating over the R/T, the TCs could pass control instructions by datalink.  Without
surprise, the TCs issued many more instructions by datalink than the PCs.  In order from the most
numerous to the least, the PCs issued Direct instructions, then Heading instructions, then,
occasionally, Level instructions, and then, rarely, Speed and Vertical Speed instructions.  These
last two types of instruction were issued mainly in combination with Level instructions issued by
the TCs.

To a certain extent, the datalink enabled the PC and the TC of each team to co-operate more
because the PC could issue a datalink instruction to the same aircraft that the TC was issuing an
instruction to.  When a TC wanted to control the time at which an aircraft reached its CFL, the TC
issued the Level clearance and the PC, on request from the TC, issued the required Vertical
Speed clearance.

The PCs issued Direct instructions by datalink because, in numerous cases, a Direct clearance
first required to be co-ordinated with the next sector and ground-ground co-ordination was a task
that the PCs were responsible for.

10.2.4.3. Ground–Ground Datalink Co-ordination and PC/TC Task Sharing

As recommended, the PCs were responsible for ground–ground co-ordination.  In the HMI design,
the same field of an aircraft label served to trigger both a ground-ground co-ordination and the
sending of a Direct clearance via the datalink; both of these actions were coupled. If a change of
route required co-ordination, the co-ordination was triggered automatically.  Once the ground-
ground co-ordination had been performed, the Direct clearance was automatically uplinked.  In
such a scenario, once the PC had initiated the co-ordination process, the TC was unable to control
the time at which the clearance would be uplinked.  In the simulation, some potential losses of
separation resulted, and these interfered with ongoing interventions of the TC.  Therefore, some
participants, in the role of TC, reported that they actually performed these co-ordinations too.
Consequently, the two actions (namely the initiation of the ground-ground co-ordination process
and the issuing of the Direct clearance) should be de-coupled and the impact that this has on the
partition of tasks between the TCs and the PCs should be investigated further.

10.2.4.4. Non-Time-Critical Conflict Resolution by Datalink and Teamwork

As recommended, it was primarily the TCs that implemented solutions to predicted conflict
situations.  The PCs, however, were allowed to implement solutions to predicted non-time-critical
conflicts involving datalink-equipped aircraft by issuing instructions by datalink.  As the levels of
traffic and datalink equipage increased, more and more participants in the role of PC reported that
they implemented solutions to conflicts.  This trend indicates that the greater the level of datalink
equipage, the greater the possibility for the PC to solve conflicts by issuing clearances by datalink,
but, hence, the greater the opportunity for a TC and a PC to have conflict resolution strategies that
interfere.

The issuing by a PC, on his/her own initiative, of an instruction via the datalink was acceptable -
i.e. beneficial and safe - for the TCs only if the TC was fully aware of what the PC was doing.  A
high quality of teamwork, and a high level of trust by the TC of his/her PC, was stressed as being
essential (or even critical).  At least once, the PC of a sector issued a Direct clearance to an
aircraft and then transferred that aircraft by datalink without informing the TC.  
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Even if no conflict arose, as was the case, the participant who had the TC role in that sector
reported that he/she was annoyed by such an intervention of the PC without warning because,
previously, the same participant who had the PC role had issued clearances that interfered with
what the TC was issuing on another aircraft.  The participant with the TC role did not report an
increase in workload (because this participant was, apparently, really skilled in maintaining a good
overall picture in any circumstances).  It is likely that, under real working conditions, such a lack of
information exchange would have been unacceptable, impairing safety too much and reducing
team spirit.

Often, the participants in the role of TC did not report an unacceptable workload.  By replaying the
exercises and analysing the periods of losses of separation, however, it appeared highly likely that
that some of the TCs suffered moments of losses of situation awareness.  For example, in one
exercise, a loss of separation occurred in one sector while the TC was issuing one or more
clearances by datalink to other aircraft.  This TC was probably focussing too much in monitoring
the completion of the negotiation by datalink.  In fact, neither of the two controllers on the sector
intervened in time.  As the relevant participants have not been questioned about this situation in
particular, no conclusion can be drawn. Nevertheless, the safety issues raised during the
simulation should be further investigated.  In the above-mentioned situation, the TC was probably
focussing too much on the Heading instruction he/she gave by datalink but it could be that he/she
was watching what the PC was doing as well.  Further simulations would help to determine the way
to reduce team-member mistrust as well as the additional workload, which disrupts the planning
activity that is attached to over-monitoring.

10.2.4.5. Prioritisation of Pilot Downlink Request and PC/TC Task Overlap

Participants confirmed that the datalink would enable the prioritisation of pilot requests according to
the TCs schedule.  In the simulation, however, just one request from a pilot was usually
downlinked at any one time.  The way to manage several simultaneous pilot requests should be re-
evaluated.

Both TCs and PCs treated downlinked pilot requests.  No particular way of working had been
recommended.  As TC, some participants preferred to deal with downlinked pilot requests in order
to update their awareness of the situation immediately in the case where they accepted the
request.  When PCs responded to downlinked pilot requests, usually they first informed their TCs.
In some teams, if the PC answered a pilot request without saying anything to the TC, the TC
became really annoyed.  Indeed, PCs should deal with downlinked pilot requests only if either the
TC is overloaded or the TC has requested it.
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10.3. OBJECTIVE 3 - SUMMARY OF THE CONTROLLER-DATALINK INTERFACE

Both the group of four participants that had never worked with an air-ground datalink before and
the group of three participants who had participated in the LINK 2000+ RTS considered that the
(almost) nine days of training on the detailed HMI (i.e. the displays and the inputs) was sufficient.
This “success” was probably due to the more or less one-on-one training that was provided, which
was possible because of the limited number of participants.  Also, the responsible attitude of the
participants, who had all read the system handbook in the period between acceptance and
simulation, must be mentioned.

The controller interface (the EATCHIP III interface), which was designed as a generic "stripless"
interface, was identified as a critical component in the datalink system since any potential gain in
controller workload due to the provision of the datalink system could be nullified by inadequacies in
the means to manage that system.  A lot of useful information was gained regarding the integration
of air-ground datalink functionality into such a stripless system:

• defaulting to the "datalink instruction" for all datalink-equipped aircraft was too restrictive;

• the requirement to make an additional input for datalink-equipped aircraft in order to issue
a voice instruction was too much of a burden;

• the error recovery process needs to be as simple as possible; and

• the controllers requested that a History Log, showing all messages sent during the
previous five minutes, be available to assist controllers maintain their mutual knowledge
of sector datalink communications.

10.3.1. Datalink Interface Improvements

Consideration should be given to the following specific improvements to the datalink functionality of
the LINK2000+ EATCHIP interface:

• There should be a greater contrast between the callsign frame indicating a datalink
aircraft with a successful CPDLC connection (currently black) and the callsign frame
indicating a datalink aircraft without a CPDLC connection (currently blue).  The means to
recover a failed CPDLC transfer should also be investigated.

• A new system update dialogue for issuing an R/T clearance to a datalink aircraft should
be investigated.  A new design may also shorten the R/T input procedure for datalink
aircraft following the failure of a specific datalink communication.  It may be useful to
make the default selectable by each controller (PC or TC), allowing them to take account
of the sector design, traffic scenario, and specific controller role.

• Consideration must be given as to how to simplify the cancellation of error messages
when there is a possible ambiguity between the air and ground systems without
absolving the controller from the need to clarify the situation.

• It is recommended that air-ground messages and ground-ground messages be more
strongly differentiated.

• The processes of ground-ground co-ordination and the uplinking of Direct clearances
should be separated so that the controller can chose the exact moment to perform each
function.

It should be possible to display a History Log of the messages sent during the previous specified
number of minutes.
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10.4. OBJECTIVE 4 - IDENTIFIED DATALINK BENEFITS

Before the simulation was run, it was expected that the provision of an air-ground datalink would
be beneficial for the following reasons:

• the congestion of the R/T channel would be reduced;
• the workload of the TCs would be reduced;
• the partition of workload between the TCs and the PCs would be balanced better;
• the teamwork would be better;
• the controllers would have an improved awareness of the situation;
• the level of safety would be maintained; and
• the level of service would be better because there would be:

− a better conformance to the preferred trajectory (i.e. PFL, PSP, trajectory and RTA);
− a reduction in the amount of fuel burnt; and;
− a reduction in the distance flown.

An investigation of the enhancement of sector capacity was not an objective for the DOVE-1 RTS.

10.4.1. Reduction of R/T Channel Congestion

The data collected during the DOVE-1 RTS confirmed that the provision of an air-ground datalink
will reduce the congestion of the R/T channel by providing an additional channel of communication
between controllers and pilots.  The greater the level of datalink-equipage of the traffic sample, the
greater the reduction in the occupancy of the radio channel (as is shown again in Figure 118
below.
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Figure 118:  The average occupancy of the R/T channel per sector as a function
of the level of datalink equipage

The reduction in the occupancy of the radio channel as the level of datalink equipage increased
from 50% to 95% is statistically significant (the probability of the observed reduction occurring by
chance being less than 1 in 200,000).
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10.4.2. Reduced TC Workload, Enrichment of the PC Role, and PC Workload Acceptable

Due to the recommended partition of tasks between PC and TC, the following behaviour of
workload was expected:

• the greater the level of datalink equipage, the greater the expected reduction in the usage
of the R/T and, therefore, the greater the expected reduction of the workload of the TCs;

• the use of the datalink was expected to benefit the TCs, in terms of reduced workload,
more than it was expected to benefit the PCs.  The greater the level of datalink equipage,
the greater the expected reduction of that part of the workload of the TCs that is due to
the task of transferring aircraft;

• the greater the level of datalink equipage, the greater the expected increase of the
workload of the PCs.  The greater the level of datalink equipage, the greater the number
of inputs that the PCs, who would be responsible for the task of transferring datalink-
equipped aircraft, were expected to perform;

• compared with the workload due to the tasks that they are responsible for nowadays, the
workload of the PCs was expected to increase due to the addition of the tasks of
transferring, and issuing clearances to, datalink-equipped aircraft.  Overall, the PC
workload was expected to remain acceptable because the PCs' task of ground-ground
co-ordination was expected to be eased by the availability of the OLDI-SYSCO system.

• the greater the level of datalink equipage, the easier the choice of the communication
channel was expected to be and, therefore, the greater the expected reduction of
workload;

• the greater the level of traffic, the greater the expected increase of workload. This
increase of workload was expected to be more significant for the TCs than for the PCs.
The greater the likelihood of conflicts and/or tactical traffic, the greater the number of
datalink aircraft that were not expected to be controllable by means of uplinked
instructions. That part of the workload of the TCs due to the task of issuing clearances
was not expected to be reduced significantly;

• as long as the traffic is not too "tactical", the greater the level of traffic, the greater the
expected number of opportunities for datalinked clearances to be handled by the PCs
and, therefore, the greater the expected reduction in the workload of the TCs and the
greater the expected PC workload attached to the task of issuing clearances.  The added
workload of the new PC task was expected to be acceptable because it would enrich the
PC role; and

• the greater the level of datalink equipage, the greater the expected additional workload
for the TCs due to the task of monitoring the PCs' interventions (if co-operation of the TC
with, and trust of the TC of, the PC are not optimum.

Analysis of the perceived workload of the controllers both during the exercises, as reported by
means of the ISA method, and after the exercises, as reported by means of the NASA TLX
questionnaire, shows that the level of datalink equipage did not have a statistically significant effect
on the workload of either the TCs or the PCs.  There were, however, some trends.  90% of the
time, neither the PCs nor the TCs were overloaded.  For the remaining 10% of the time, where the
controllers assessed the workload as high or excessive, the highest peaks of traffic occurred, as
did a severe loss of separation.



DOVE-1 Real-Time Simulation EUROCONTROL

Project AGC-Z-DO - EEC Report No. 383 151

The expected decrease in workload, as the level of datalink equipage increased did not always
occur.  Observations and participants' comments pointed out that any increase in workload was
often the result of non-optimal teamwork.  It was often due to the PC intervening in a way that
interfered with the way the TC controlled and often lead to an increased level of stress for the TC.

10.4.3. Traffic Complexity

As expected, controller workload was greater in those exercises where the traffic level was 140%
than it was in those exercises where the traffic level was 120%.  The effect was, however, not
statistically significant.  The participants commented that they could manage such a level of traffic
because the traffic was never too complex, with only a few aircraft changing levels, directions, etc.

Both PCs and TCs assessed the complexity of the traffic in the same way.  This may indicate that
the PC was more involved, behaving more like a TC, or that the traffic was not very "tactical".
What was noticed was that the greater the level of datalink equipage, the greater the reduction in
the perceived complexity of the traffic.  The reduction in the usage of the R/T probably allowed the
TCs to analyse the traffic better so that they perceived the traffic as being less complex.  The TCs
were, nevertheless, put under time pressure because of the number of aircraft under control at the
same time. 

Also, the results from the simulation confirmed that it is easier to deal with one working method
than with two.  In other words, it is easier when you have to plan interventions for most of the
aircraft in advance than it is when you have to plan interventions in advance for half of the aircraft
and immediately for the other half.  Moreover, the interventions in advance, or non-time-critical
deviations, are possible only with traffic that is not too complex and/or not too tactical.

Concerning the recommended working method and good practice for using the air-ground datalink,
the participants were reminded:

• to use the datalink only for non-time-critical controller instructions, while the R/T was be
retained for transmitting urgent instructions;

• to revert-to-voice when receiving a "D/L ERROR" or a "NO REPLY" warning message;
and

• that the default selection in the system update menu was that the datalink be used, with
an extra input being required to select the R/T as the means of transmission. 

These procedures were easy to comply with and, therefore, they were not an additional source of
workload for the controllers.  The design and implementation of the HMI, on the other hand,
apparently contributed additional workload for the controllers.  The limits and inadequacies of the
HMI design and implementation were summed up in the previous section.

Finally, the members of a team reported the greatest levels of workload where there was an
evident lack of communication.  Most of time, participants reported that communication between
team members was good with neither the TCs nor the PCs being surprised by the actions of their
colleagues.  In those few cases where team member communication was not good, team member
stress often increased.  This will be discussed further in the section about safety below.
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10.4.4. Effect of Controller Profile

One participant had a manner of controlling that was very distinct from the others.  He/she issued a
higher than average number of clearances by datalink when he/she had the role of TC and he/she
issued the highest average number of clearances by datalink when he/she had the PC role.
Whereas the average number of clearances sent by datalink by the other participants in the role of
PC was around 3 per exercise, his/her average was around 20.  Noticeably, once, as the PC for
the SW sector, when the level of traffic was 120%, this participant issued 55 orders, which was as
many as the TC issued.

The participants could be categorised by their amount of experience of controlling and by whether
or not they had participated in a previous datalink simulation.  With experience, the increased
ability to maintain an overall picture of the traffic could compensate for the lack of communication
and poor co-operation within the team.  Nevertheless, sometimes, even for the most experienced
of participants, if, as TC, he/she was focussed too much on monitoring what followed a clearance
by datalink, it was relatively easy for him/her to be unaware of what the PC was doing. 

10.4.5. Evolved Teamwork

As far as the partition of tasks between TCs and PCs was concerned, the participants were
proposed the following one: 

Table 23:  The partitioning of tasks between the TC and the PC as proposed by the participants

PC tasks Time TC tasks

Ground-Ground co-ordination for
all aircraft

Treating the FLIPCY warning before
the assume

Checking if PPD
(Pilot Preference
Data) downlink
i.e. preferred
flight level and/or
preferred speed
before changing
the XFL

+/- Solving non-
time critical
problem

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Assuming all aircraft

Ensuring separation for all aircraft
Dealing with the Turbulence
w arning
Checking if PPD (Pilot Preference
Data) downlink i.e. preferred flight
level and/or preferred speed before
clearing the CFL and/or a speed
restriction
+/- ground-ground exit co-
ordination

Transferring the datalink equipped
aircraft

I
V

Transferring the non-datalink
equipped aircraft

As recommended, the PCs performed any entry and exit co-ordination, solved some non-time-
critical problems, and transferred datalink-equipped aircraft.  The TCs assumed all aircraft and
uplinked the majority of the messages that were sent by datalink, being occasionally assisted by
the PCs.  The TC and PC treated downlinked pilot requests alike.  With the datalink, the PCs were
much more involved in controlling the traffic.
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The PCs were able to perform both planning and tactical tasks.  But, if the PCs perform too many
tactical tasks, they may have little time left to perform their planning tasks.  The participants
commented that, as PC, they did not want to be burdened with tasks such as transferring aircraft if
this would impact on their other responsibilities.  Training, including sector resource management
training, should help to make controllers aware of the potential problem of a poor co-operation.
Further studies are required.

Having experienced it for themselves, the participants confirmed that the provision of an air-ground
datalink, in combination with a new way of partitioning the tasks between the TCs and the PCs,
would result in a reduction of the TCs' workload.  The greatest benefit would be gained if the
transfer of datalink-equipped aircraft were to be delegated to the PCs.  This would enable the TCs
to spend more time on solving conflicts and on providing the aircraft with more efficient routes.  A
datalink would also enable the PCs to co-operate more with the TCs.  PCs could even be allowed
to uplink non-time-critical clearances, on TC request.

As no exercises were run during the DOVE-1 RTS where there were no datalink-equipped aircraft,
the potential gain due to the introduction of a datalink could not be evaluated.  This was not
indispensable since the objective of the simulation was to evaluate effects as a function of traffic
level and/or level of datalink equipage.  Most of the time, the workload of the participants was at an
acceptable level.  A model of the expected gains due to the provision of both an air-ground and a
ground-ground datalink and of the additional workload relative to the new tasks is presented in
Figure 119.  This topic should be further investigated in order to evaluate the impact of non-
optimum PC–TC co-operation. 

Assume
by R/T

G/G Co-ordination
on Phone

Clearance Issue
by R/T

Assume
by D/L +
by R/T

TC workload
with D/L

Transfer
by D/L

PC workload
with D/L

TC workload
with R/T

PC workload
with R/T

Transfer
by R/T

TC Assistance in
Conflict Detection

and Resolution Transfer
by R/T

Clearance Issue
by R/T and/or

by D/L G/G Co-ordination
by OLDI

TC Assistance in
Conflict Detection

and Resolution

Non Time-critical
clearance issue

by D/L

Monitoring
PC’ intervention

Figure 119:  The partition of tasks between PC and TC task and workload without (left-hand side) and with
(right-hand side) both air-ground and ground-ground communications
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10.4.6. Improved Situational Awareness

The availability of an air-ground datalink will improve situational awareness at all three levels,
namely:

• level 1 - the collection of data about the current situation;

• level 2 - the analysis and diagnosis of the current situation in order to define the required
intervention; and

• level 3 - the extrapolation from the current situation in order to plan for the future
situation.

10.4.6.1. Level 1 Situational Awareness

The first level of situational awareness involves the collection of data about the current situation.

All the participants thought that they maintained a good picture of the traffic when using the air-
ground datalink and that the availability of the CAP services helped them to have an accurate
picture without effort.  Nevertheless, the recorded losses of separation indicate that situational
awareness was sometimes impaired.  Monitoring was not always optimal.  Indeed, four participants
as PC, and three participants as TC, reported in the post exercise questionnaires that, half of the
time, they had the feeling of starting to focus too much on a single problem and/or a single area of
the sector.  In addition, one participant expressed a feeling that the aircraft were not always wholly
integrated.  This participant stated that the picture was good “except when assuming an aircraft
by clicking on the 'MONITORING' message”.

One participant proposed that the PCs also be allowed to assume datalink-equipped aircraft.  Such
delegation should, however, be limited as much as possible.  Some participants reported that, as a
TC in a high level of traffic, they were aware of a reduced level of situational awareness when,
since they did not have to talk to the pilots, they started assuming datalink-equipped aircraft too
quickly without always checking the flight plans.  If the PCs were to be allowed to assume datalink-
equipped aircraft, the risk that the TCs would develop a poor mental picture would be increased. 

10.4.6.2. Level 2 Situational Awareness

The second level of situational awareness involves analysing and diagnosing the current situation
in order to define the required intervention.

The availability of the CAP services would help the TCs to determine more effectively the tactical
intervention required.  Unlike the situation today, the PC would be able to complete his/her tactical
picture at any time also.  For the TCs, all the time saved by the reduced use of the R/T for routine
tasks (saying "Hello" and "Goodbye") and for querying the pilots could be used to discuss with the
PC in order to update their shared situational awareness.

Also, with the datalink reducing the R/T usage, the TCs would have more time to co-ordinate with
the PCs on the best way to solve particular conflicts.  A greater opportunity to co-ordinate should
lead to an improved shared situational awareness.
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10.4.6.3. Level 3 Situational Awareness

The third level of situational awareness involves extrapolating from the current situation in order to
plan for the future situation.

The availability of the PPD services will enable TCs to better predict future aircraft movements.
And again, as one participant commented: "Maybe as a technique it gives you more time
(because of several reasons) to think about potential conflicts.  Time is the reason why ATC
can better predict aircraft movements”.

10.4.6.4. Shared Situational Awareness by PC and TC

Participants reported that their situation awareness as a TC was impaired when the PCs
intervened on their own without informing them.

To a lesser extent, the participants with the PC role reported the same.  Were the TCs and PCs not
monitoring the same picture time frame?  Did the PCs focus too much on their tasks of transferring
datalink-equipped aircraft or solving non-time-critical problems so that they could not monitor what
the TCs were issuing by datalink as well?

Results also highlighted that the datalink emphasises the effects of controller profile/skill and
requires controllers having an efficient way to maintain their SA.  The participant, as a PC, who
reported often focussing too much on one problem or on one part of the sector was also the one
who provoked a loss of separation by sending a clearance to a datalink-equipped aircraft without
informing the TC.  It should be noted that, although this participant seemed to be aware of his/her
limits, as a PC he/she kept on attempting to perform as much control as possible by datalink
without informing the TC.  His/her limitation was confirmed when, in response to the question
"Were you surprised by the behaviour of your team member?" he/she answered “Yes, the TC has
a very good overall picture“.

Again, as a TC, the same participant reported often having the feeling of focussing too much.  Yet,
this participant wanted to perform all the tasks (included the ground-ground co-ordination) without
taking account of the advice/warning for solving a problem prompted by the PC.

The management of the awareness of the situation, including knowledge of all the sector resources
(i.e. the system and colleagues), was affected by the changes required in terms of communication
and co-operation.  For complete awareness of the traffic situation, in both the planning and tactical
time frames, the PCs had to keep an active, as opposed to a passive, focus on the screen.  This
required a significant change to the current working methods where at least some awareness of
the situation comes from listening to the voice traffic on the R/T channel.

The display of datalink information had advantages and disadvantages.  The advantages were that
all information was commonly available, as is current practice.  All control actions and responses
were displayed on both controllers’ screens.  The disadvantages were that, being the unique
source of information, the visual channel could become saturated.

The PCs' and TCs' time horizons for intervention overlapped.  PCs could send non-time-critical
“tactical“ instructions to an assumed datalink-equipped aircraft (rather than interact only with
planning aircraft that were in the "Advanced Information" state).  Thus, with the datalink, the PCs'
and the TCs' decisions and subsequent interventions could even be contradictory (depending on
their different controlling strategies).
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Whether or not a TC should be informed about a PC's intervention, and, if so, when, depended on
the situation.  As with current working methods for co-ordination, it was a matter of teamwork. For
each anticipated intervention, the PCs had to evaluate:

• if they needed to get the approval of the TC first;

• if they were required to provide some feedback to the TCs (if they did not need to get the
approval of the TC then); or

• if they could intervene totally independently. 

With the new partitioning of tasks between the PCs and the TCs, and the new potential
responsibility for the PCs, the safety and efficiency of the ATM system relies even more on the
quality of the PC/TC teamwork and communication.

According to the Shape analysis, the number and nature of communications between the PCs and
the TCs differed as a function of the level of datalink equipage.  At lower levels of datalink
equipage, there was more communication and it was often more of a prompting nature.  At higher
levels of datalink equipage, there was much less verbal communication, it was less prompting in
nature, and the controllers conversed more about the situation. (See the SHAPE Report in
Annex B.)

10.4.7. The Effect on Trust and Legal Responsibility of the New PC Role

The new partitioning of tasks between PC and TC that the introduction of an air-ground datalink
would make possible will be beneficial only if the actions of the PCs never interfere with the TCs’
strategies.  The PCs should inform the TCs about their actions unless the situation is fully safe.

As the perception of what is, and what is not, a safe situation is subjective, the PCs should act
without informing the TCs only in situations where there is no doubt at all about safety.  As the TCs
and PCs will have the possibility to intervene via the datalink in the same time frame, the TCs will
also be a source of “silent” changes of situation.  The TCs should have the priority.  The TCs
should not ask approval of the PCs but they should, nevertheless, inform the PCs of what they are
doing.

Some participants, as TC, were annoyed by PCs that reported every transfer.  Other participants,
also as TC, were really annoyed by silent transfers performed too early by the PCs.  This suggests
that explicit rules defining the “duties” of each actor must be agreed upon within each team.  For
example, it could be agreed that a PC could transfer any datalink-equipped aircraft without
informing the TC unless the TC intends an aircraft to be transferred earlier than X minutes before
the sector boundary, X being a parameter defined by the TC.  If the PC intends to transfer an
aircraft earlier, he/she should require the approval of the TC first.  Also, if the TC intends to transfer
an aircraft earlier he/she should inform the PC who might intend to co-ordinate new exit conditions.

In addition, the legal responsibility must be shared as well.  If a PC issues a clearance by datalink
that interferes with a TC’s intention and leads to a loss of separation, the PC, and not the TC,
should be legally responsible.
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10.4.8. Reduced Opportunity of Error but Increased Opportunity of Impaired Situation
Awareness and Safety Issues

Most of the participants believed that the ATM system should be safer with the datalink.  They also
thought that the datalink should reduce the likelihood of the controllers making mistakes and
should not increase the impact of those mistakes.  But they also thought that the types of mistake
would be different.  Some participants did not feel more confidant of doing a safe job when using
the datalink as it was implemented for the simulation.

It appears that TC workload will be even more reduced if the likelihood of safety issue will be
reduced.  Again, it is very interesting to note that every participant stressed that the datalink will be
efficient only if the PCs and TCs co-operate in safe conditions.  Participants reported the situations
where the teamwork was the poorest because of the datalink, namely:

• when the PC tried to work as a TC but  forgot to do his/her duties;

• when the PC issued some clearances (direct routing, change of level) that the TC didn't
want and that made the situation less safe; and

• when there was not a good agreement between the PC and the TC and the PC took
actions without co-ordinating with the TC.

A PC must respect his/her duties.  He/she must use the datalink only for non-time-critical
clearances.  A PC must never become a second TC.  Also, PCs must be prevented from issuing
clearances that interfere with the TCs’ intentions.  PCs should be prevented from intervening on
either an aircraft that the TC is deviating or on an aircraft that is interfering with the conflict the TC
is solving.

PCs can use the datalink to help reduce the peak workload of the TCs but the PCs must not use
the datalink when the TC is overloaded.  If ever the situation becomes tactical, or in case of a
failure of the datalink, the TC would not be able to recover the situation and to re-issue the
clearances by R/T.

At the HMI level, the PCs should not be limited to using the datalink.  It is indispensable that a TC
can use the PC's position in case of technical failure.  This limitation should affect only the actors’
duties, the working method, and the legality rules.
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Figure 120:  The SA topics that are specific to the PC (those within the blue frame)

The SA topics that are specific to the PC (those within the blue frame), specific to the TC
(those within the black frame), and shared between the PC and the TC
(those within the intersection of the blue and black frames).

There is no doubt that all the information relative to the controller intervention must be known by
both controllers.  This is why all the information will be displayed on the HMI at first level, or on
controller request, in the radar screen window and/or in annexe windows.  This is how the HMI is
designed.  The schema above indicates the intervention which should be carried out only after the
approval of the colleague (i.e. in the intersection area) and those ones that can be carried out
without informing the colleague (i.e. outside the intersection area).

This schema is a result of the post-simulation analysis of the DOVE-1 simulation.  It should be
proposed to simulation participants for controller awareness about co-operation, during any future
training session.

10.5. SUMMARY OF THE CONCLUSIONS

10.5.1. General

All participants agreed that the concept of operation of the air-ground datalink is easy to
understand and, because of the improvements they perceived in the performance of the tactical
controllers (TCs) and safety, they would recommend implementing a datalink system to other
controllers.  Analysis of the quantitative data collected during the DOVE-1 real-time simulation
(RTS) does not provide any specific evidence of improved, or, for that matter, degraded, controller
performance.  It does, however, highlight some previously underestimated concerns about safety.
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The amount of time spent by a TC communicating on the R/T channel will be reduced when a
datalink is available but this will be beneficial only if the time saved can be re-allocated to decision
making and planning tasks and/or to improving the co-operation with the planning controller (PC). 

10.5.2. Good Practice

The data collected during the DOVE-1 RTS confirmed that datalink-equipped aircraft were not
treated any differently from non-equipped aircraft (in the sense that the TCs did not give specific
priority to datalink-equipped over non-equipped aircraft).  Controllers were, however, required to
anticipate further ahead if they wanted to deal with datalink-equipped aircraft by datalink.  If the
execution of an ATC instruction was required within a delay of less than about two minutes, the
R/T was the preferred channel with which to deliver the instruction.

The datalink will help controllers to prioritise their dialogue with pilots and, if no priority is required,
will help to save time through the ability to up-link different clearances to different aircraft at the
same time.

10.5.3. Design

The data collected during the DOVE-1 RTS also confirmed that the procedure to update the
system when a clearance is given by voice via the R/T to a datalink-equipped aircraft must be as
quick as possible, being at least as quick as the same procedure for non-equipped aircraft.

10.5.4. Workload and Co-operation

Analysis of the data obtained during the DOVE-1 RTS did not demonstrate that increasing the
percentage of aircraft that are datalink-equipped from 50% to 95% had a significant impact on the
workload of either the TCs or the PCs even though the reduction in the occupancy of the R/T
channel was significant.

As expected, when participants reported feeling overloaded, it was during, or just after, peaks of
traffic.  (The inverse was not true: every peak of traffic did not provoke a feeling of being
overloaded in the participants.)  At high levels of traffic, the PCs and TCs felt that they were
overloaded about 10% of the time.  In addition, it was noted that, at times, poor co-operation
between a PC and a TC also resulted in the TC feeling overloaded.  Sometimes the lack of
information about, or warning of, their intentions, in terms of intervening via the datalink, resulted in
the PC and TC performing interfering or incompatible actions, situations that could have lead to
losses of separation.  The frequency at which such safety critical situations occurred was low but
the effect of such a situation could have been very critical with regards to aircraft safety.

10.5.5. PC /TC Task Partition

Most participants agreed that the availability of the datalink enabled the controller tasks to be
redistributed between the TC and the PC.  Making the PCs responsible for all transfers by datalink
resulted in a reduction of the workload of the TCs, providing the TCs with more time to analyse
time-critical situations without reducing the level of service.  Nevertheless, such transfers had to be
performed in co-operation with the TCs.  Under non-nominal conditions, a PC should perform this
task only after having received the approval of his/her TC.
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10.5.6. Team Resource Management

Most participants agreed that the availability of a datalink permitted non-time-critical actions to be
the delegated to the PCs.  The DOVE-1 RTS highlighted the importance of the need for co-
operation between PCs and TCs if the new way of sharing tasks was to work.  When co-operation
was lacking, doubts that the TCs had about what the PCs were going to do generated a level of
stress that was deemed unacceptable outside the confines of a simulation.

The availability of a datalink also enabled workload to be more flexibly partitioned; the PCs
performed TC tasks and vice versa according to their availability.  Nevertheless, participants
stressed that a PC should follow his/her TC's strategy and working rhythm.  Clearly, the TC must
remain the leader on the sector suite.

10.5.7. Team Quality

Participants insisted that the level of performance is not solely coupled to the use of the datalink;
the harmony with which the team works together is also important.  This means that co-operation is
essential if the use of a datalink is to be beneficial.  So, the composition of the team is a subject of
high importance.

10.5.8. Situational Awareness and Monitoring

The DOVE-1 simulation highlighted that the use of a datalink affected controllers' situational
awareness, reinforcing the critical role of the monitoring task.  The reduction in the number of
clearances given audibly by the TCs required the PCs to be more focussed on the screen.  But the
TCs had to be more focussed on the screen as well.  At high levels of traffic, the silent way that
aircraft were assumed meant that a TC occasionally "lost the picture" perhaps because:

• he/she had forgotten to check a flight plan in advance;

• he/she was too focussed on waiting for a pilot response to a datalink clearance; or

• he/she just missed the silent clearance uplinked by the PC.

Such potential problems require further investigation.

10.6. SUMMARY OF THE RECOMMENDATIONS

10.6.1. Service-related

The following service-related recommendations are made:

• the preferred pilot speed PPD service should be maintained;

• the usage of turbulence data for planning purposes should be further investigated; and

• the FLIPCY service requirement should be reconsidered to see if it could be limited to the
provision of inconsistency detection warnings only.
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10.6.2. HMI-related

Consideration should be given to re-designing the G-HMI so that:

• there is a greater contrast between the callsign frame indicating a datalink aircraft with a
successful CPDLC connection and the callsign frame indicating a datalink aircraft without
a CPDLC connection;

• there is an indication immediately that a downlinked pilot preference has been received;

• the location and severity of zones of turbulence can be identified without perturbing the
controllers too much nor cluttering the screen;

• the aircraft that must leave or avoid the zones of turbulence can be identified;

• the system update dialogue for issuing an R/T clearance to a datalink-equipped aircraft is
improved;

• the cancellation of error messages when there is a possible ambiguity between the air
and ground systems is simplified;

• air-ground and ground-ground messages are more strongly differentiated;

• the processes of ground-ground co-ordination and uplinking of Direct clearances is
separated;

• a History Log of the air-ground datalink messages sent during the previous specified
number of minutes can be displayed (on demand);

• the “Assume” action is not linked to the “MONITORING” message display;

• a warning message is displayed for all datalink-equipped aircraft that are in the
“Assumed” state and for which a Monitoring message has not been received; and

• the combination of the assumption of control input and a datalink clearance input is
possible.

10.6.3. Others

Finally, the following recommendations are made:

• an analysis of the risk of not actively testing whether the voice channel is fully operational
or not before having to issue a time-critical instruction should be carried out;

• the way to manage several simultaneous pilot requests should be re-evaluated;

• the methods for scanning for datalink-equipped aircraft should be further analyzed in
order to determine both the future skills that will need to be trained and to what extent
these scanning methods are demanding (physically, mentally, and temporally) and
compatible with the scanning methods required for non-equipped aircraft in a mixed
environment;

• the impact of separating the two actions of initiating the ground-ground co-ordination
process and the issuing of a clearance should be investigated further;

• explicit rules defining the “duties” of each actor must be agreed upon within each team;
and

• the means to recover a failed CPDLC transfer should be investigated.
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10.6.4. The Next Step

In the longer term, requirements in terms of legal aspects, procedures, working methods, and
developing a safety culture (e.g. team resource management) will require further investigation.
This could be carried out by means of real-time simulations based on scenario-based safety cases
and focussing on only a few datalink services at a time.  These simulations should be run in
parallel with other simulations focussed on evaluating the technical feasibility of enhanced datalink
services.
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TRADUCTION EN LANGUE FRANÇAISE

RESUME

La simulation temps réel (RTS) DOVE-1 (21 mai – 7 juin 2002) est la deuxième d'une série de
simulations temps réel fondées sur l'utilisation d'une plate-forme de simulation ATM spécialement
développée à cet effet.

L'une des caractéristiques fondamentales de cette nouvelle plate-forme est la mise en œuvre d'un
environnement datalink répondant aux impératifs de la Stratégie ATM 2000+ et présentant une
forte analogie avec celui que l'on se propose de mettre en œuvre et de développer plus avant à
l'échelle européenne. Les fonctionnalités proposées incluaient les services datalink dont le
programme LINK 2000+ prévoit la mise en œuvre à bref délai dans la zone CEAC ainsi que
d'autres services qui seront mis en œuvre dans un avenir proche. 

La plate-forme intégrait également une interface contrôleur de type "stripless" (sans bandes de
progression de vol). Développée dans le cadre du Programme européen d'harmonisation et
d'intégration du contrôle de la circulation aérienne (EATCHIP III), cette interface permettait
l'utilisation d'outils informatisés d'aide au contrôleur, tels que la coordination électronique et les
filets de sauvegarde, de manière à représenter aussi fidèlement que possible un système ATM
caractéristique de la prochaine décennie.

Le datalink permettra aux contrôleurs de disposer d'un deuxième canal de communication, dont la
gestion pourra être indifféremment assurée par le contrôleur tactique ou par le contrôleur
organique. Il entraînera une évolution sur le plan des méthodes de travail, caractérisée par le
transfert d'une partie de la charge de travail du contrôleur tactique vers le contrôleur organique. La
diminution des échanges radio devrait avoir pour effet d'atténuer l'encombrement des fréquences
des secteurs, de renforcer la sécurité et, à terme, de permettre une augmentation de la capacité
des secteurs.

L'équipement des aéronefs pour le datalink devant s'opérer de manière progressive, il est apparu
nécessaire de simuler un environnement de trafic mixte, au sein duquel les contrôleurs seraient
confrontés à différents niveaux de trafic et d'équipement des aéronefs. Cet environnement impose
aux contrôleurs de distinguer les aéronefs équipés du datalink des autres appareils et de
sélectionner, pour la première catégorie, le moyen de communication privilégié. La simulation
visait également à évaluer les incidences de ces changements sur la gestion des ressources des
secteurs ainsi que sur la perception, par les contrôleurs, de la situation environnante, et à
déterminer les moyens d'affiner l'interface EATCHIP.

Les techniques d'échange de données électroniques permettent d'envisager un large éventail de
services datalink. Les services retenus pour la simulation DOVE-1 devraient se prêter à une mise
en œuvre à moyen et long terme.

Trois organisations, A, B et C, ont été testées. L'organisation A incluait un service de contrôle de
cohérence des plans de vol (FLIPCY), mais pas de service de notification des turbulences.
L'organisation B ne prévoyait pas de service FLIPCY, ni de notification des turbulences.
L'organisation C offrait à la fois un service FLIPCY et la notification des turbulences.

L'espace aérien modélisé était celui de la République tchèque, modifié conformément aux objectifs
de la simulation temps réel DOVE-1.
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La simulation temps réel DOVE-1 a permis d'évaluer les incidences opérationnelles de
l'introduction du datalink sur le système ATM actuel ainsi que sur la manière dont collaborent
pilotes et contrôleurs. Elle a permis d'obtenir bon nombre d'enseignements précieux, qui se
traduiront par une mise en œuvre plus aboutie du datalink et, à terme, par un système ATM plus
performant et plus sûr pour l'avenir.
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1. INTRODUCTION

Ces dernières années, le trafic aérien a augmenté à un rythme tel que les systèmes ATC (contrôle
de la circulation aérienne) sont de plus en plus surchargés. Il est désormais admis que la
saturation du canal vocal constitue l'une des grandes limitations de la capacité des secteurs. Il est
également reconnu que les formes "conventionnelles" d'ATM (gestion de la circulation aérienne)
devront être progressivement remplacées par des formes nouvelles, capables de fournir la
capacité requise à long terme tout en maintenant, voire, de préférence, en augmentant la sécurité. 

De nombreux experts considèrent la mise en place d'un datalink air-sol pour les communications
comme la "technologie" de base permettant d'atteindre cet objectif. Couplé au processus
d'automatisation et aux nouveaux dispositifs d'affichage et de saisie, et associé à des procédures
adéquates, le système datalink permettra le transfert harmonieux de l'information entre toutes les
parties concernées. 

L'utilisation du datalink comme moyen de communication entre contrôleurs et pilotes peut résoudre
bon nombre de problèmes liés au système de communication vocale sur fréquence radio, tels que
l'encombrement des fréquences, les erreurs de compréhension ou d'interprétation liées à une
mauvaise qualité de transmission et la corruption du signal due à un nombre trop élevé de
transmissions simultanées. Les transmissions de données contrôleur-pilote devraient se révéler
les plus utiles pour les opérations de routine, pour lesquelles les communications vocales sont
inefficaces voire inutiles, et entraîneront une diminution de l'utilisation du canal vocal et,
éventuellement, une réduction du nombre de canaux vocaux requis.

Le datalink permettra également de communiquer au contrôleur, par liaison descendante8,
diverses préférences du pilote et paramètres de bord. Ainsi, le pilote d'un aéronef équipé pourrait
transmettre par liaison descendante ses préférences en matière de niveau de vol ainsi que les
conditions météorologiques affichées, telles la direction et la vitesse du vent, les turbulences, la
température et la pression extérieures, etc. Ces informations permettront au contrôleur de mieux
comprendre les préférences de vol d'un pilote et d'établir de meilleurs rapports et prévisions
météorologiques aéronautiques. A terme, elles permettront aux contrôleurs et à l'équipage d'avoir
une meilleure perception de la situation environnante.

La mise en œuvre de ce type de communications de données9 pourra changer de manière
significative la manière dont les pilotes et les contrôleurs communiquent. Aussi, leurs incidences
sur le plan opérationnel doivent-elles être étudiées avec soin avant que l'on puisse décider dans
quelle mesure les communications vocales seront remplacées ou complétées par les
communications via le datalink. 

La RTS DOVE-1 (Expériences pour la validation opérationnelle du datalink) était la première d'une
série d'évaluations visant à étudier ces éléments opérationnels dans le cadre du programme
"datalink" de l'ACG (programme ATS coopératif air-sol), qui relève lui-même de l'EATMP
(Programme européen de gestion de la circulation aérienne). La simulation DOVE-1 a fourni des
données de validation relatives à des services datalink particuliers qui, s'ils sont applicables dans
tous les types d'espace aérien, ont été ciblés, en l'espèce, uniquement sur la phase de vol en
route. 

                                                
8 La transmission air - sol de données via le datalink est qualifiée de "transmission de données par liaison  descendante". De même, la transmission

sol - air de données via le datalink est qualifiée de "transmission de données par liaison  montante". 
9 On entend par "communications de données" ou, plus généralement, "datalink", tout échange d'informations numérisées entre utilisateurs finals (y

compris la diffusion de données par un émetteur à l'ensemble des destinataires).  Trois types de datalink sont actuellement envisagés : air-sol, sol-
sol et air-air.  Le présent rapport traite essentiellement du premier. 
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"L'ATS coopératif est un élément de la gestion de la circulation aérienne qui vise à
améliorer la productivité et la sécurité des services de la circulation aérienne, en optimisant
la participation des contrôleurs, des équipages et des exploitants d'aéronefs moyennant un
système intégré de communication de données et des formes améliorées de surveillance et
d'automation."

Bien que les contrôleurs et les équipages coopèrent déjà, le renforcement de la capacité de
communication et la meilleure perception de la situation qui découleront de la mise en œuvre des
communications de données leur permettront de coopérer encore bien mieux, tant entre eux
qu'avec les autres parties intéressées (exploitants d'aéronefs, centres de gestion des courants de
trafic aérien, bureaux météorologiques, etc.).

Deux niveaux d'application du datalink sont décrits dans [1]. Le premier niveau propose des
applications ou des améliorations ATS conformes aux règles et procédures de l'OACI actuellement
en vigueur, en vue de permettre une transition opérationnelle acceptable. Le second niveau prévoit
une extension des règles et procédures de l'OACI en vue de couvrir les applications évoluées, en
particulier la délégation de la séparation et les vols autonomes. La simulation DOVE-1 n'a évalué
que les incidences opérationnelles de services particuliers de premier niveau.

Cette évaluation portait sur une partie de la seconde génération d'applications du datalink qui n'est
pas couverte par la norme CNS/ATM-1 actuelle ainsi que sur la mise en œuvre de ces applications
dans l'espace aérien européen conformément au document "Operational Requirements for
Cooperative  Air Traffic Services".
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2. OBJECTIFS

2.1. OBJECTIFS GENERAUX

L'objectif général du Projet DOVE est de valider, plus particulièrement pour les besoins de l'ATC
en route, une part importante de la seconde génération de services datalink développée dans le
cadre du Programme AGC. On trouvera une description de ces services dans [2].

La RTS DOVE-1 était la quatrième simulation temps réel à petite échelle du datalink réalisée au
CEE (Centre expérimental d'EUROCONTROL), ces simulations faisant suite à une simulation
mathématique. Parmi les précédents essais en temps réel, on peut citer l'expérience EATCHIP III
bis et la RTS LINK 2000+. L'approche expérimentale suivie est conforme au schéma itératif de
validation du datalink (pour plus de détails, voir le document "Design of the Experiment" [3]).

Operations
Operational

trial

Shadow-
d trial

Field test

Large-scale
real-time
simulation

Small-scale
real-time
simulation

Fast-time
simulation

Analytic
modelling

Figure 1:  Schéma de validation

La Figure 1 montre qu'il existe deux chemins de validation pour aller de la modélisation initiale à la
mise en service opérationnel complète. Le premier chemin, qui correspond à la ligne en pointillé
orange, consiste à réaliser des études sur le terrain. Ainsi, des essais pré opérationnels ont été
menés dans le cadre des projets PETAL II, EOLIA et autres. Le second chemin, désigné par la
ligne bleue, se caractérise par des simulations. Pour commencer, des simulations mathématiques
permettent d'obtenir de premières idées au sujet, par exemple, de l'utilisation d'une fonction ou
d'une technologie particulière. Ensuite, des simulations temps réel à petite échelle sont réalisées
dans un espace aérien générique. La RTS LINK 2000+ et la RTS DOVE-1, objet du présent
document, sont des exemples de ce type de simulation. Enfin, des simulations temps réel à large
échelle sont réalisées avant la mise en œuvre. De telles simulations visent à étudier les incidences
de la mise en œuvre de la nouvelle technologie ou fonctionnalité considérée dans des régions
particulières de l'espace aérien.
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2.2. OBJECTIFS EXPERIMENTAUX

Les objectifs expérimentaux poursuivis par la RTS DOVE 1 étaient les suivants :
1. évaluer les aspects opérationnels de l'utilisation de certains services dans le cadre du

domaine ADAP (transmission automatisée, par liaison descendante, des paramètres de
bord) : 
A) évaluer l'incidence opérationnelle de la disponibilité, pour le contrôleur, du

service PPD (transmission par liaison descendante des préférences du pilote) qui
fournit :

• le niveau de vol privilégié,
• le niveau de vol maximum atteignable,
• la vitesse privilégiée,
• la vitesse d'exploitation minimale / maximale dans la configuration en vigueur;

B) évaluer l'incidence opérationnelle de la disponibilité, pour le contrôleur, du
service CAP (paramètres accessibles au contrôleur) qui fournit : 

• le cap, 
• la vitesse,
• le taux de montée / descente,
• des informations au sujet des zones de turbulence ;

C) évaluer l'incidence opérationnelle de l'utilisation du service FLIPCY [2D]
(Contrôle de la cohérence des plans de vol) ;

2. évaluer les aspects opérationnels de l'utilisation de certains services dans le cadre du
domaine CPDLC (communications contrôleur-pilote par datalink) : 
A) évaluer l'utilisation des clairances de route transmises, par datalink, dans un

format de message unique, dans le cadre de la mise en œuvre du FLIPCY ;
B) évaluer l'utilisation du moniteur ACM ;

3. évaluer la conception de l'interface homme-machine (HMI), l'accent étant mis sur : 
A) l'interaction des étiquettes radar ;
B) la fourniture d'informations relatives aux services fournis et la pertinence de ces

informations, dans le cadre de la HMI ; 
4. recenser les avantages potentiels pour tous les utilisateurs opérant dans un

environnement datalink ; 
5. fournir informations et feedback en vue de l'amélioration du modèle de simulation

mathématique DOVE to provide information and feedback to improve the DOVE fast-
time simulation model.
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3. CONCLUSIONS ET RECOMMANDATIONS

Le présent chapitre récapitule les principales conclusions associées à chacun des objectifs
précités.

3.1. OBJECTIF 1 – SERVICES ADAP

Les services ADAP évalués au cours de la RTS DOVE-1 comprennent :

• les services PPD (niveau de croisière souhaité, niveau de vol maximum atteignable,
vitesse souhaitée et vitesse opérationnelle configuration minimum / maximum dans la
configuration en cours);

• les services CAP (cap, vitesse et taux de montée / descente en cours, et turbulences);

• le service FLIPCY [2-D] (détection de toute incohérence entre l'itinéraire planifié
conservé à bord d'un aéronef et l'itinéraire planifié correspondant stocké dans le système
au sol).

On trouvera de plus amples informations au sujet de ces services à la section 5.1, ainsi que dans
le manuel du système de la RTS DOVE-1 [4].

3.1.1. Le service PPD

Les participants sont convaincus que la fourniture des services PPD les aidera à mieux planifier la
circulation. Il semble que les services PPD constitueront un outil plus utile pour les contrôleurs
organiques (CO) que pour les contrôleurs tactiques (CT).

Les préférences des équipages de conduite transmises par liaison descendante n'ont été
appliquées / autorisées qu'en quelques occasions seulement : en fait, moins de 10% (précisément
dans 12 cas sur 142) des niveaux de vol souhaités transmis par liaison descendante ont été
autorisés, et aucune des 50 vitesses souhaitées. Deux raisons principales expliquent le faible taux
d'acceptation par les contrôleurs des préférences de l'équipage de conduite transmises par liaison
descendante : la première est que la marge d'acceptation était partiellement limitée par la
complexité du trafic simulé, et la seconde, que la facilité d'acceptation était en partie restreinte par
l'interface homme-machine (HMI) du poste de travail de contrôleur.

Comme l'interface homme-machine spécifiée pour la fonctionnalité du service PPD (cf. section
consacrée à la HMI et [4].) n'était pas intégralement mise en œuvre dans le cadre de la RTS
DOVE-1, il conviendrait d'en réévaluer l'exploitabilité. De plus, les participants ayant demandé à
être informés de la transmission par liaison descendante d'un PPD, et non de devoir eux-mêmes
vérifier régulièrement s'il y a eu transmission, il conviendra également de réexaminer la conception
de l'interface homme-machine au sol pour le PPD, telle qu'elle a été spécifiée pour DOVE-1.

De même, bien qu'aucune vitesse souhaitée par l'équipage de conduite n'ait été appliquée /
autorisée pendant la simulation, ce service ne devrait pas être supprimé. Il pourrait se révéler utile
pour un contrôleur confronté à un autre type de trafic et/ou travaillant dans un autre type de
secteur (tel qu'une région de contrôle terminale (étendue)).
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3.1.2. Le service CAP

Les participants estiment que la fourniture des services CAP améliorera le contrôle tactique du
trafic. Elle réduira le nombre de questions des contrôleurs aux pilotes.

Trois participants estiment que la fourniture des services CAP contribuera à renforcer la sécurité
du système ATM. Les autres restent indécis, peut-être du fait que dans la RTS DOVE-1, la
transmission par liaison descendante des données de turbulence faisait partie des services CAP et
que, sous la forme utilisée, ce service n'a pas fait l'unanimité (voir détails plus loin).

Le niveau de trafic et/ou le niveau d'équipement datalink des aéronefs n'ont pas influencé de
manière significative le recours aux services CAP. Les CO ont toutefois eu tendance à moins faire
appel aux services CAP lorsque la charge de trafic était la plus élevée étant donné que le niveau
d'équipement datalink des aéronefs augmentait, alors que les CT ont davantage utilisé ces
services. 

Il n'y avait pas de raison évidente à cette double tendance. Elle pourrait signifier que, au moment
où le niveau de trafic et celui d'équipement datalink des aéronefs sont les plus élevés, le CT aurait
besoin de consulter plus souvent les valeurs CAP pour disposer d'une image précise du trafic. Il y
aura lieu d'examiner plus avant cette différence entre CO et CT dans le recours au CAP. Elle
confirme l'impression que les CO n'ont procédé à aucun contrôle tactique : ils n'ont émis que des
clairances à facteur temps non critique. Ce point peut être bénéfique s'il signifie qu'il n'y a pas eu
de chevauchement de tâches entre les CO et les CT. Il n'en irait en revanche pas de même s'il
signifie que les CO étaient débordés par la transmission d'instructions par datalink et que, de ce
fait, ils n'étaient pas disponibles pour servir de "seconde paire d'yeux" au CT. Il faudra examiner
plus avant la manière dont les CO construisent leur image mentale de la situation.

3.1.2.1. L'alerte aux turbulences – une partie du service CAP

Les participants ne semblent pas entièrement convaincus de l'utilité du service d'alerte de
pénétration dans une zone de turbulences, étant donné qu'en conditions réelles, dans de telles
circonstances, ils ne dévient généralement l'aéronef qu'à la demande du pilote. Ce service a donc
servi au contrôle tactique et non à la planification du trafic concerné. Il y aura lieu de poursuivre les
recherches sur l'utilisation des données relatives aux turbulences aux fins de la planification.

En outre, les participants ne sont pas d'accord sur l'utilité de la manière dont l'alerte de pénétration
dans une zone de turbulences a été mise en œuvre au niveau de l'interface du contrôleur. Il
conviendra de revoir la conception de celle-ci en vue d'une modification qui la rendrait moins
perturbante pour les contrôleurs et moins encombrante sur l'écran. Il est apparu que ces alertes de
pénétration dans une zone de turbulences ont augmenté la charge de travail globale des
contrôleurs au cours des 3 exercices dans lesquels intervenaient des zones de turbulences (à
savoir les exercices de type Org. C).

Seuls quelques participants ont apprécié :

• la fourniture et l'affichage de l'intensité des turbulences sous une forme numérique;

• la fourniture et l'affichage par une couleur de l'incidence desdites turbulences sur un
aéronef d'une catégorie de poids précise.

La conception de l'interface devrait être revue de telle sorte que le contrôleur puisse connaître à la
fois la localisation et l'intensité des zones de turbulences de même que les aéronefs qui doivent
quitter ou éviter ces zones.
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3.1.2.2. Le service FLIPCY 2D

Les participants sont convaincus de l'utilité de la fourniture d'un service FLIPCY 2D qui vérifie la
cohérence entre l'itinéraire que le FMS d'un aéronef s'apprête à suivre et celui qui est stocké, pour
ce même aéronef, dans le FDPS au sol. Ils ne sont toutefois pas convaincus de l'utilité et de la
facilité d'utilisation du dialogue pour l'acceptation ou le rejet, de l'itinéraire stocké dans le FMS.

Ils estiment que, si une incohérence est mise en lumière, la route stockée dans le FDPS doit être
transmise automatiquement par liaison montante dès que le contrôleur prend l'aéronef en charge
(pour rappeler au pilote la route à suivre). Les participants conviennent que c'est au CO qu'il
appartient de suivre les alertes FLIPCY.

En raison d'une limitation technique (totalement indépendante du service FLIPCY en lui-même), la
gestion de la route FDPS après une coordination sol-sol faisant suite à une alerte FLIPCY était
trop confuse. Il faudra réexaminer cet élément après l'amélioration technique du simulateur.

On pourrait revoir les impératifs du service FLIPCY afin de les limiter à la fourniture d'un
avertissement de détection d'incohérence, tandis que la négociation de la route à suivre serait
prise en charge par le Service de coordination conjointe des trajectoires (COTRAC). L'utilisation de
ces outils datalink devra faire l'objet d'une recherche plus approfondie. Du point de vue des
facteurs humains, si le système n'offre pas d'assistance pour détecter les conflits par rapport à la
route FMS transmise par liaison descendante, il serait plus utile pour les contrôleurs que, après
planification et contrôle, la route FDPS soit automatiquement transmise par liaison montante lors
de la prise en charge de l'aéronef.

3.2. OBJECTIF 2 – SERVICES CPDLC

Les services CPDLC évalués au cours de la simulation temps réel DOVE-1 comprennent : 

• le service ACM (tous les messages relatifs au transfert de communications ATC,
notamment le transfert des messages entre pilotes / contrôleurs au sujet de l'autorité
datalink – par ex. NDA, CDA, etc. – et des changements de canal radio – par ex. VCI);

• le service ACL (tous les messages à ordre unique, notamment les instructions relatives à
l'itinéraire, l'altitude, la vitesse et la vitesse verticale).

3.2.1. Le service ACM – Transfert de fréquence par datalink

Pour diverses raisons, les participants ont jugé utile le transfert par datalink d'un aéronef à la
fréquence du secteur suivant. Du point de vue de la sécurité, cela garantit la bonne
compréhension de la fréquence par le pilote. Du point de vue de l'encombrement des canaux R/T,
cela évite aux CT de devoir répéter la fréquence. Et lorsque les tâches de routine sont effectuées
par datalink, l'encombrement du canal R/T s'en trouve réduit.

De plus, sous réserve de la mise en place de règles communes de coopération, le transfert de
fréquences pourrait être délégué au CO, permettant ainsi au CT de consacrer davantage de temps
aux aéronefs non équipés du datalink. Les participants conviennent que le CO ne doit pas informer
le CT de chaque transfert si celui-ci s'effectue dans les conditions nominales – sauf si le CT l'a
demandé. Mais en dehors des conditions nominales, notamment en cas de transfert anticipé, le
CO doit d'abord informer le CT de ses intentions. (À un moment donné, nous avons observé qu'un
CO a transféré un aéronef avant que le CT n'ait eu le temps d'envoyer une nouvelle instruction
audit aéronef. Ce CO ne disposait probablement que d'une connaissance incomplète de
l'intervention tactique nécessaire à ce moment-là. 
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Cette tâche du CO est probablement la plus difficile, car elle concerne à la fois la phase de
planification et la phase tactique. Il y aura lieu d'examiner plus avant la nécessité d'aider le CO à
se faire son image du trafic pendant la phase tactique. Cet élément souligne aussi la nécessité
pour le CT de faire connaître explicitement ses intentions lorsqu'elles ne suivent pas une logique
normale).

3.2.2. Le service ACM – Prise en charge du contrôle par datalink

Les participants ont jugé utile la prise en charge silencieuse du contrôle : au lieu que le pilote d'un
aéronef équipé du datalink appelle le secteur, un message de monitoring est envoyé par liaison
descendante dès que l'aéronef se met en écoute sur la fréquence dudit secteur.
Pour des raisons de sécurité, les participants ont reçu l'instruction d'attendre l'affichage du
message "MONITORING" avant de prendre en charge un aéronef équipé du datalink. À un
moment donné, un CT a pris un aéronef en charge avant l'affichage du message "MONITORING",
et de ce fait, le message ne s'est jamais affiché (étant donné qu'il ne s'affiche pas pour un aéronef
dont le statut est "Assumed"). L'affichage de ce message "MONITORING" devrait donc pouvoir se
faire indépendamment du statut de l'aéronef. Deux méthodes sont envisageables pour ce faire :

1. soit le CT attend l'affichage du message "MONITORING" avant de prendre l'aéronef en charge,
ce qu'il fait ensuite en cliquant sur le message;

2. soit le CT n'attend pas l'affichage du message "MONITORING" avant de prendre l'aéronef en
charge et devra ensuite procéder à une manipulation pour retirer le message.

Par mesure de sécurité, l'action "Assume" ne peut pas être liée à l'affichage du message
"MONITORING". Il convient d'examiner d'autres possibilités : un message d'avertissement devrait
s'afficher pour tous les aéronefs dont le statut est "Assumed" et pour lesquels un message de
monitoring n'a pas été reçu afin d'attirer l'attention du CT sur ces aéronefs10. Dès transmission du
message de monitoring par liaison descendante, le message d'avertissement devrait être
supprimé automatiquement. De plus, cette conception permettrait aux contrôleurs de distinguer les
aéronefs pris en charge pour lesquels un message "Monitoring" a déjà été reçu de ceux pour
lesquels aucun message de ce type n'est encore arrivé.

Il y aura lieu d'évaluer correctement le risque que l'on prend en ne testant pas effectivement si le
canal radio est pleinement opérationnel, ou en ne le faisant pas avant qu'une instruction à facteur
temps critique doive être communiquée. D'un point de vue technique, la vérification du bon
fonctionnement des communications radio au moment de la prise en charge d'un aéronef ne
supprime pas le risque d'une panne radio juste au moment où une instruction à facteur temps
critique doit être donnée au pilote. Du point de vue des facteurs humains, les participants ont
souligné l'effet négatif potentiel de l'identification silencieuse de l'aéronef entrant dans le secteur.
Au cours des exercices effectués avec la charge de trafic la plus élevée, un participant a eu
l'impression, en prenant en charge des aéronefs sans en contrôler le plan de vol, de perdre son
image mentale de la situation. Il conviendrait de ré envisager une solution utilisant l'interface
homme-machine, comme la présentation automatique du tronçon de vol dynamique au moment de
la prise en charge de l'aéronef par le contrôleur.

                                                
10 Il est à noter que cette solution va dans le sens de celle mise en place au Centre de Rome.  Contrairement à la HMI de l'EATMP, sur l'interface de

Rome, le statut intermédiaire entre le transfert et le statut "assumed" avant le premier appel du pilote est fortement mis en évidence par l'utilisation
d'une couleur spécifique pour l'étiquette radar tout entière.  (Pour rappel: dans l'interface de l'EATMP, seule la couleur du texte dans le champ NS
change.)
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Normalement, c'est aux CT qu'il appartient d'effectuer la prise en charge silencieuse du contrôle.
Mais lorsqu'un CT s'est trouvé surchargé, et uniquement sur sa demande, il est arrivé que le CO
effectue également certaines prises en charge silencieuses. Le datalink permettra une répartition
plus souple de la charge de travail.

Il faudra, du reste, comme l'ont demandé les participants, envisager l'établissement d'un nouveau
dialogue qui associerait la prise en charge du contrôle et l'émission d'une clairance par datalink.

3.2.3. Le service ACL

Les participants ont apprécié le datalink pour la transmission d'instructions non tactiques. Tous les
aéronefs équipés du datalink ont été contrôlés par cette voie, sauf lors du passage à la phase
tactique, le CT repassant alors aux communications radio pour transmettre des instructions à
facteur temps critique.

Les aéronefs équipés du datalink n'ont pas été traités différemment de ceux qui ne l'étaient pas
(les CT n'ont pas accordé de priorité particulière aux uns ni aux autres). Du point de vue des
contrôleurs, les seules différences entre les deux types d'aéronefs étaient que, pour un aéronef
équipé :

• l'envoi d'instructions par datalink demande une plus grande anticipation, et ce moyen n'a
donc été utilisé que lorsque le temps disponible le permettait ;

• la réception de demandes par liaison descendante était possible, mais elles ne pouvaient
être traitées que lorsque le temps disponible le permettait.

Les participants ont confirmé que si une instruction devait être exécutée dans un délai d'environ
deux minutes, ils préféraient la transmettre par communication radio. (Les contrôleurs ont estimé
que toute instruction qui devait être exécutée dans un délai de deux minutes avait un facteur
temps critique. Si un délai plus long pouvait s'écouler avant son exécution, elle était considérée
comme non critique). Au départ cependant, bien que les contrôleurs aient reçu la recommandation
de n'utiliser le datalink que pour les instructions à facteur temps non critique, les "nouveaux"
utilisateurs s'en sont servis de la même manière que des communications radio, en s'attendant à
une réaction immédiate. Mais très vite, avec l'aide des contrôleurs qui avaient participé à la
simulation LINK2000+, ils se sont habitués à n'y recourir que pour les instructions à facteur temps
non critique.

Les participants ont également fait l'expérience qu'une action à facteur temps non critique pouvait
devenir critique. Par exemple, à un moment donné, avant qu'un pilote n'ait réagi à l'instruction
"Level" transmise par liaison ascendante, le contrôleur a dû repasser au canal radio car le niveau
qu'il avait indiqué n'était plus exempt de conflit. Cela signifie que lorsque qu'il s'avère nécessaire
de revenir au canal radio, il devrait être possible d'introduire des éléments pour actualiser le
système le plus rapidement possible. Pour les aéronefs équipés du datalink, la procédure
d'actualisation du système dans le cas d'une clairance transmise par radio doit être aussi rapide
que la procédure applicable aux aéronefs non équipés.

Les participants ont utilisé le datalink principalement pour les instructions "Direct", puis "Level", et
de temps à autre pour les instructions "Heading" à facteur temps non critique et les instructions
"Vertical Speed" (c'est-à-dire taux de montée / descente) combinées avec des instructions
"Level".

Il est nécessaire – cela a été confirmé - de pouvoir envoyer des instructions combinées, telles
qu'une instruction "Level" associée à une instruction "Direct" ou "Heading", ou une instruction
"Level" combinée à une instruction "Vertical Speed".
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3.2.4. L'incidence du datalink sur les tâches et les compétences des contrôleurs

L'introduction d'un datalink air-sol a fourni l'occasion de modifier certaines tâches et compétences
des contrôleurs. L'incidence de l'utilisation du datalink sur les éléments suivants a été examinée :

• la transmission des instructions des contrôleurs et le suivi qui y est donné ;

• le contrôle de la conformité du comportement des aéronefs aux clairances en cours les
concernant ;

• la définition de l'ordre de priorité des instructions des contrôleurs ;

• la définition de l'ordre de priorité des demandes des pilotes ;

• la résolution des conflits ;

• le changement de fréquences radio transmis via le datalink, et la transmission par liaison
descendante du message "Monitor" lors du premier contact ;

• l'actualisation de l'image mentale de la situation environnante ;

• l'aide fournie aux CT par les CO.

3.2.4.1. La communication d'instructions par datalink et le suivi des réponses des pilotes
à ces instructions

Le dialogue utilisé pour la composition d'un message contenant l'instruction à transmettre par
liaison montante a été entièrement approuvé par les participants. Il est similaire au dialogue
d'actualisation du système après transmission d'une clairance par radio à un aéronef non équipé.
La saisie d'une instruction par datalink ne requérait pas d'autre compétence particulière. Cette
tâche requiert cependant une autre aptitude : la capacité d'appréciation du degré d'urgence
d'exécution d'une instruction. Mais il ne s'agissait pas là d'une nouvelle compétence. La nouveauté
et la difficulté résidaient cependant dans la nécessité de combiner deux méthodes de travail, l'une
fournissant une réaction plus ou moins immédiate du pilote, l'autre une réponse différée.

Aucun participant n'a demandé que la réception de messages "Lack" soit indiquée dans l'étiquette
radar en vue de faciliter l'attente de la réponse du pilote. Tous considèrent qu'elle n'apporterait
aucune valeur ajoutée, car elle ne fournirait pas la moindre indication sur les intentions du pilote.
Comme il se peut que la réponse du pilote parvienne un long moment après la transmission de
l'instruction – jusqu'à deux minutes dans le cas d'une réponse "Standby" – les participants ont
utilisé le datalink essentiellement pour les clairances à facteur temps non critique.

L'irritation que pouvaient ressentir les contrôleurs en raison de l'attente prolongée d'une réponse
du pilote à une instruction transmise par datalink était compensée par les avantages retirés sur le
plan de la sécurité, à savoir la réduction du risque d'ambiguïté. Si la sollicitation mentale a été
réduite, il n'en était pas allé nécessairement de même pour la sollicitation physique, qui est restée
toutefois acceptable. Les nouvelles informations à suivre ont amené tant les CO que les CT à se
concentrer davantage sur leur écran.

Comme la recherche de la réponse du pilote nécessitait pas mal de temps et d'efforts, les
participants ont expliqué qu'ils restaient relativement concentrés sur l'aéronef auquel ils avaient
envoyé une clairance. Cette stratégie de monitoring a empêché la plupart des participants
d'envoyer des clairances par datalink à plusieurs aéronefs simultanément, tout comme le fait que
dans ce cas, la première réponse reçue pourrait ne pas émaner du "pilote classé premier dans
leurs priorités". Le datalink ne sera pas utilisé lorsque les instructions des contrôleurs doivent
être transmises dans un ordre précis ou en fonction de priorités définies.
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Dans la pratique, les CO n'ont envoyé simultanément qu'à un maximum de trois aéronefs les
instructions "Direct" n'interférant pas entre elles. Ces clairances données par le CO n'ont pas
engendré de perte immédiate de séparation car le CO disposait d'une bonne connaissance de la
situation environnante; des problèmes sont apparus parce que les CT n'ont pas toujours suivi ces
clairances et ne les ont pas nécessairement intégrées dans leur image mentale de la situation. À
une occasion, une perte de séparation s'est produite parce que le CT n'avait pas pris note d'une
clairance "Direct" donnée par le CO.

Il y aura lieu d'analyser plus avant les méthodes de scanning pour les aéronefs équipés du
datalink afin de déterminer quelles compétences devront être incluses dans les formations, et
aussi dans quelle mesure ces méthodes de scanning seront éprouvantes (sur le plan physique,
mental et au niveau du temps) et compatibles avec les méthodes de scanning nécessaires  pour
les aéronefs non équipés dans un environnement mixte.

De plus, les CO et CT disposant chacun de la possibilité d'envoyer simultanément des clairances
par datalink, il faudra prévoir une aide supplémentaire, par exemple une fenêtre "History Log",
pour leur permettre de conserver une bonne connaissance partagée de la situation.

3.2.4.2. Avantages et inconvénients de l'envoi, par le CO, de clairances par datalink

Les données recueillies au cours de la RTS DOVE-1 ont confirmé que le datalink a permis de
répartir la charge de travail entre les CO et les CT de manière à la fois plus équilibrée et plus
souple.

Comme le trafic simulé n'était pas complexe, et que les CT étaient libérés de leur tâches de
routine de communication radio, ils ont été en mesure de transmettre des instructions par datalink.
Les CT ont envoyé nettement plus d'instructions par liaison montante que les CO, ce qui n'a rien
d'étonnant. Par ordre décroissant de fréquence, les CO ont envoyé des instructions "Direct", puis
"Heading", ensuite, occasionnellement "Level", et enfin, rarement, "Speed" et "Vertical Speed".
Ces deux derniers types d'instructions ont été généralement associés à des instructions "Level"
émises par les CT.

Dans une certaine mesure, la liaison de données a permis au CO et au CT de chaque équipe de
coopérer davantage car le CO pouvait transmettre, en même temps que le CT, une instruction par
datalink au même aéronef. Lorsqu'un CT souhaitait contrôler l'heure à laquelle un aéronef
atteignait son CFL, il envoyait une clairance "Level" tandis que le CO, à la demande dudit CT,
envoyait la clairance "Vertical Speed" requise.

Les CO envoyaient les instructions "Direct" par datalink parce que, dans de nombreux cas, la
clairance "Direct" devait d'abord faire l'objet d'une coordination avec le secteur suivant et que la
coordination sol-sol relève des compétences des CO.

3.2.4.3. Coordination sol-sol par datalink et partage des tâches entre CO et CT

Conformément aux recommandations, ce sont les CO qui ont assuré la coordination sol-sol. Dans
la conception de la HMI, le même champ de l'étiquette d'aéronef servait à la fois au lancement
d'une coordination sol-sol et à l'envoi d'une clairance "Direct" par datalink; ces deux actions
étaient couplées. Lorsqu'un changement d'itinéraire nécessite une coordination, celle-ci est lancée
automatiquement. Dès que la coordination sol-sol est effectuée, la clairance "Direct" est envoyée
automatiquement par liaison montante. Dans ce cas de figure, une fois que le CO avait lancé la
procédure de coordination, le CT n'était plus en mesure de contrôler l'heure à laquelle la clairance
serait envoyée par liaison montante. Pendant la simulation, cela a engendré quelques pertes de
séparation potentielles, qui sont venues interférer avec les interventions en cours du CT. 
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C'est pourquoi certains participants CT ont signalé qu'ils avaient également effectué ces
coordinations. Par conséquent, il conviendrait de dissocier les deux actions (le lancement de la
procédure de coordination sol-sol et l'envoi de la clairance "Direct") et d'analyser plus avant
l'incidence de cette dissociation sur la répartition des tâches entre CO et CT. 

3.2.4.4. Résolution de conflits à facteur temps non critique via datalink, et travail en équipe

Comme il avait été recommandé, ce sont principalement les CT qui ont appliqué des solutions aux
situations de conflit prévues. Les CO ont cependant été autorisés à résoudre les conflits prévus à
facteur temps non critique concernant des aéronefs équipés de datalink, en envoyant des
instructions par cette voie. À mesure que le trafic et le taux d'équipement datalink des aéronefs
augmentaient, de plus en plus de participants CO ont signalé qu'ils résolvaient des conflits. Il en
ressort que plus le taux d'équipement des aéronefs est élevé, mieux le CO est à même de
résoudre les conflits en envoyant des clairances par datalink mais aussi, de ce fait, plus le risque
d'interférence entre les stratégies de résolution du CT et du CO augmente.

L'envoi d'une instruction via datalink, par un CO, de sa propre initiative, n'est acceptable – c'est-à-
dire bénéfique et sûre – pour les CT que si ces derniers sont pleinement au fait de ce que fait le
CO. Un travail en équipe de haute qualité et un degré élevé de confiance du CT dans son CO se
révèlent essentiels (voire déterminants). Il est arrivé au moins une fois que le CO d'un secteur
envoie une clairance "Direct" à un aéronef, puis le transfère via datalink sans en informer le CT.
Même si cela n'a effectivement pas donné lieu à un conflit, le participant qui remplissait le rôle de
CT dans ce secteur s'est déclaré contrarié par une telle intervention du CO sans préavis car,
précédemment, le même participant CO avait envoyé des clairances interférant avec les
instructions que le CT émettait vers un autre aéronef. Le participant CT n'a pas signalé
d'augmentation de sa charge de travail (car il était, apparemment, très doué pour conserver en
toute circonstance une bonne connaissance de l'ensemble de la situation). Il est probable qu'en
conditions de travail réelles, un tel manque d'échange d'informations aurait été inacceptable,
compromettant trop gravement la sécurité et réduisant l'esprit d'équipe.

Les participants jouant le rôle de CT n'ont généralement pas fait état d'une charge de travail
inacceptable. En repassant les exercices et analysant les périodes de perte de séparation, on a
toutefois constaté que certains CT ont, très probablement, perdu par moments leur image mentale
de la situation. Par exemple, lors d'un exercice, une perte de séparation est survenue dans un
secteur pendant que le CT était en train d'envoyer une ou plusieurs clairances par datalink à
d'autres aéronefs. Ce CT était probablement trop occupé à surveiller le bon déroulement de la
négociation menée par datalink. En fait, aucun des deux contrôleurs du secteur n'est intervenu à
temps. Comme les participants concernés n'ont pas été interrogés au sujet de cette situation en
particulier, il n'est pas possible de tirer des conclusions. Il faudra toutefois analyser de manière
approfondie les événements liés à la sécurité survenus pendant la simulation. Dans la situation
que nous venons de mentionner, le CT était probablement trop concentré sur l'instruction
"Heading" qu'il avait envoyée par datalink, mais peut-être regardait-il en même temps ce que le
CO était en train de faire. D'autres simulations contribueront à déterminer comment réduire la
méfiance d'un membre de l'équipe et quel est le surcroît de charge de travail engendré par le
monitoring excessif, qui vient perturber la planification.
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3.2.4.5. Établissement des priorités dans les demandes des pilotes transmises par
liaison descendante et chevauchement des tâches du CO et du CT

Les participants ont confirmé que le datalink permettrait de classer les demandes des pilotes par
priorité selon le planning des CT. Cependant, au cours de la simulation, les pilotes n'ont transmis
qu'une seule demande par liaison descendante à la fois. Il faudra réévaluer comment gérer
plusieurs demandes simultanées des pilotes.

Les demandes des pilotes transmises par liaison descendante ont été traitées tant par les CT que
par les CO. Aucune consigne particulière n'avait été émise à ce sujet. Certains participants,
remplissant le rôle de CT, ont préféré traiter ces demandes des pilotes afin d'actualiser
immédiatement leur connaissance de la situation au cas où ils accéderaient aux dites demandes.
Lorsque les CO ont répondu à de telles demandes, ils en ont généralement d'abord informé leurs
CT. Dans certaines équipes, si le CO répondait à une demande du pilote sans en informer le CT,
ce dernier en était réellement contrarié. En effet, les CO ne devraient traiter ce type de demandes
que si le CT est surchargé ou leur en a fait la demande.

3.3. OBJECTIF 3 – PRESENTATION GENERALE DE L'INTERFACE CONTROLEUR -
DATALINK

Le groupe de quatre participants qui n'avaient jamais travaillé avec un datalink air-sol et le groupe
de trois participants qui avaient pris part à la RTS LINK 2000+ ont tous deux estimé que les
(presque) neuf jours de formation consacrés à l'ensemble des aspects de la HMI (écrans + inputs)
étaient suffisants. Ce "succès" est probablement dû au fait que la formation a pu être dispensée de
manière quasi-individuelle en raison du nombre limité de participants. À noter également l'attitude
responsable des participants qui avaient tous lu le manuel du système, entre le moment de la
réception et la simulation. 

L'interface contrôleur (ou interface EATCHIP III), conçue comme une interface générique "sans
bande", a été qualifiée d'élément critique du système datalink du fait que tout avantage potentiel
en termes de charge de travail du contrôleur pourrait être réduit à néant par des modalités
inadéquates de gestion du système. La simulation a fourni bon nombre d'enseignements utiles en
ce qui concerne l'intégration de la fonctionnalité datalink dans ce type de système sans bandes de
progression de vol :

• la sélection par défaut de l'option "datalink instruction" pour tous les aéronefs équipés a
été jugée trop restrictive;

• l'obligation d'opérer une saisie supplémentaire pour pouvoir donner une instruction en
phonie à un aéronef équipé a été jugée trop contraignante;

• le processus de reprise après erreur devrait être aussi simple que possible;

• les contrôleurs souhaiteraient disposer d'un historique de tous les messages envoyés les
cinq dernières minutes, de manière à rester au fait des échanges par liaison de données
dans le secteur.
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3.3.1. Améliorations de la fonctionnalité datalink de l'interface

Il conviendrait d'envisager les améliorations particulières suivantes de la fonctionnalité datalink de
l'interface EATCHIP LINK 2000+ :

• Il devrait y avoir un contraste plus marqué entre le cadre d'indicatif d'appel représentant
un aéronef équipé du datalink avec lequel la connexion CPDLC est réussie (cadre noir)
et celui désignant un aéronef équipé du datalink sans connexion CPDLC (cadre bleu).
Les moyens de réamorcer un transfert CPDLC avorté devraient également être étudiés.

• Il conviendrait d'envisager un nouveau dialogue d'actualisation du système pour la
délivrance des clairances R/T aux aéronefs équipés du datalink. Cette refonte
conceptuelle pourrait inclure une procédure de saisie R/T plus courte pour les aéronefs
équipés du datalink en cas d'échec d'une communication particulière par datalink. Il
serait utile de donner à chaque contrôleur (CO ou CT) la possibilité de sélectionner la
valeur par défaut en fonction de la configuration du secteur, du scénario de trafic et de
ses attributions spécifiques.

• Il faut étudier comment simplifier la procédure d'annulation des messages d'erreur en cas
d'ambiguïté entre les systèmes sol et air, sans pour autant supprimer la nécessité, pour
le contrôleur, de clarifier la situation. 

• Il est recommandé de marquer davantage la différence entre les messages air-sol et les
messages sol-sol.

• Les processus de coordination sol-sol et de transmission sol-air des autorisations
directes devraient être dissociés, afin que le contrôleur puisse choisir le moment précis
où il accomplira chaque tâche.

Il devrait être possible d'afficher un historique des messages envoyés pendant les minutes
précédentes (nombre de minutes à préciser).

3.4. OBJECTIF 4 – DETERMINATION DES AVANTAGES DU DATALINK 

Avant le démarrage de la simulation, l'on escomptait que le datalink air-sol présenterait les
avantages suivants :

• diminution de l'encombrement de la fréquence radio ;

• réduction de la charge de travail des CT ;

• meilleure répartition de la charge de travail entre CT et CO ;

• amélioration du travail d'équipe ;

• meilleure perception de la situation par les contrôleurs ; 

• maintien du niveau de sécurité ;

• amélioration du niveau de service due à :

− un plus grand respect de la trajectoire privilégiée ;
− une moindre consommation de carburant ;
− une diminution de la distance parcourue.

L'étude de l'amélioration de la capacité des secteurs ne faisait pas partie des objectifs de la RTS-
DOVE-1.
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3.4.1. Réduction de l'encombrement de la fréquence radio

Les données recueillies pendant la RTS DOVE-1 confirment que la liaison de données air-sol
réduira l'encombrement de la fréquence radio en fournissant aux contrôleurs et aux pilotes un
moyen de communication supplémentaire. Comme il ressort de la figure 2 ci-dessous, plus le taux
d'équipement de l'échantillon de trafic est élevé, plus la réduction du taux d'occupation de la
fréquence est importante.
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Figure 2:  Taux moyen d'occupation de la fréquence par secteur en fonction
du niveau d'équipement des aéronefs

La mesure dans laquelle le taux d'occupation de la fréquence diminue alors que le taux
d'équipement des aéronefs passe de 50 % à 95 % est statistiquement significative (la probabilité
qu'une telle réduction survienne par hasard étant inférieure à 1 sur 200 000).

3.4.2. Réduction de la charge de travail du CT, enrichissement du rôle du CO et
maintien d'une charge de travail acceptable pour le CO 

Suite au partage recommandé des tâches entre le CO et le CT, il était prévu que la charge de
travail des contrôleurs évolue comme suit :

• Plus le taux d'équipement des aéronefs augmentera, plus les communications verbales
et, partant, la charge de travail des CT diminueront.

• L'utilisation du datalink réduira davantage la charge de travail du CT que celle du CO ;
plus le taux d'équipement des aéronefs augmentera, plus la charge de travail du CT liée
au transfert des aéronefs diminuera.

• Plus le taux d'équipement des aéronefs sera élevé, plus la charge de travail des CO
augmentera et plus le nombre de saisies opérées par les CO, désormais chargés du
transfert des aéronefs équipés du datalink, sera important.

• Par rapport à leur charge de travail actuelle, la charge de travail des CO augmentera
comme suite aux tâches supplémentaires que constituent le transfert des aéronefs
équipés du datalink et la délivrance des clairances ; d'une manière générale, la charge
de travail du CO demeurera acceptable du fait que les tâches de coordination sol-sol du
CO seront facilitées par le système OLDI-SYSCO.
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• Plus le taux d'équipement des aéronefs augmentera, plus le choix des canaux de
communication sera facile, ce qui devrait également réduire la charge de travail du
contrôleur.

• Plus le niveau de trafic augmentera, plus la charge de travail augmentera, et ce de
manière plus sensible pour le CT que pour le CO. Plus la probabilité de conflits et/ou de
trafic tactique sera importante, plus le nombre d'aéronefs équipés du datalink qui ne
pourront être contrôlés au moyen d'instructions envoyées par datalink augmentera ; la
charge de travail du CT liée à la délivrance des clairances ne devrait pas diminuer de
manière significative.

• Pour autant qu'il ne soit pas de nature trop "tactique", plus le trafic augmentera, plus le
nombre de clairances susceptibles d'être transmises par datalink par le CO augmentera,
ce qui entraînera une diminution de la charge de travail du CT et une augmentation de la
charge de travail du CO liée à la délivrance des clairances ;  le surcroît de travail que
constitue cette nouvelle tâche pour le CO sera acceptable du fait qu'il s'agira d'un
enrichissement du rôle de ce dernier.

• Plus le niveau d'équipement des aéronefs sera élevé, plus le surcroît de travail que
représentera pour les CT la surveillance des interventions du CO augmentera (surtout si
la coopération et la confiance entre le CT et le CO ne sont pas optimales).

Il ressort de l'analyse de la charge de travail, telle qu'elle a été perçue par les deux types de
contrôleurs pendant les exercices (et exprimée selon la méthode ISA) et après les exercices
(questionnaire TLX NASA), que le niveau d'équipement des aéronefs n'a pas un effet
statistiquement significatif sur la charge de travail du CT ou du CO, même si certaines tendances
se dégagent. La plupart du temps (90 %), ni les CO ni les CT ne se sont sentis surchargés. Les
10 % du temps où les contrôleurs ont estimé la charge de travail élevée ou excessive ont été
caractérisés par les pointes de trafic les plus élevées ainsi que par une perte  de séparation
importante. 

Contrairement aux prévisions, la charge de travail n'a pas toujours diminué comme suite à
l'augmentation du taux d'équipement des aéronefs. Il ressort toutefois des commentaires et
observations des participants que l'accroissement de la charge de travail était souvent dû à un
mauvais travail d'équipe et au fait que le CO intervenait d'une manière qui allait à l'encontre des
opérations du CT, ce qui augmentait le niveau de stress de ce dernier.

3.4.3. Complexité du trafic

Comme prévu, la charge de travail des contrôleurs a été plus importante dans les exercices où le
niveau de trafic était fixé à 140 % que dans les exercices où il était fixé à 120 %. Ce facteur n'a
toutefois pas eu d'incidence statistiquement significative. Les participants ont fait observer qu'ils
pouvaient gérer un tel niveau de trafic car le trafic n'était jamais trop complexe, le nombre
d'aéronefs changeant de niveaux, de directions, etc. demeurant limité.

Les CO et CT ont tous deux évalué la complexité du trafic de la même manière,  ce qui pourrait
être le signe d'une plus grande participation du CO, qui agirait davantage comme un CT, ou
encore d'un trafic peu "tactique". Les participants ont remarqué que plus le niveau d'équipement
était important, moins ils ressentaient la complexité du trafic. Le fait de moins recourir aux
communications verbales a sans doute permis aux CT de mieux analyser le trafic et, partant, de
juger ce dernier moins complexe. Les CT ont toutefois dû travailler avec des délais très serrés, en
raison du nombre d'aéronefs à contrôler en même temps. 
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Il ressort également de la simulation qu'il est plus facile de travailler avec une seule méthode de
travail qu'avec deux méthodes. En d'autres termes, il est plus facile de planifier des interventions à
l'avance pour la plupart des aéronefs, que de planifier des interventions à l'avance pour la moitié
d'entre eux et immédiatement pour l'autre moitié. De plus, les interventions planifiées à l'avance,
ou déviations à facteur temps non critique, ne sont possibles que si le trafic n'est pas trop
complexe ni/ou trop tactique.

En ce qui concerne la méthode de travail recommandée et les bonnes pratiques d'utilisation du
datalink air-sol, il a été rappelé aux participants :

• d'utiliser le datalink uniquement pour les instructions de contrôle à facteur temps critique
et de continuer à transmettre les messages urgents par fréquence radio ;

• de revenir aux communications en phonie en cas de réception d'un message
d'avertissement "D/L ERROR" ou "NO REPLY" ;

• que la sélection par défaut dans le menu d'actualisation du système était l'utilisation du
datalink et qu'il fallait opérer une saisie supplémentaire pour choisir la fréquence radio
comme moyen de transmission.

Ces procédures se sont révélées faciles à respecter et n'ont donc pas entraîné de surcroît de
travail pour les contrôleurs, contrairement à la conception et la mise en œuvre de la HMI, dont les
limites et les carences ont été résumées dans la section précédente.

Enfin, ce sont les membres d'une équipe caractérisée par une absence évidente de
communication qui ont fait état de la charge de travail la plus lourde. La plupart du temps, les
participants ont indiqué que la communication entre les membres d'une équipe était bonne, les CT
et les CO n'étant, ni les uns ni les autres, surpris par les actions de leurs collègues. Dans les rares
cas où la communication entre les membres d'une équipe n'était pas bonne, le stress desdits
membres tendait à augmenter. Cette constatation sera examinée plus en détail dans la section ci-
dessous consacrée à la sécurité.

3.4.4. Incidence du profil des contrôleurs

L'un des participants avait une manière de contrôler très différente de celle des autres. Il a émis un
nombre de clairances par datalink supérieur à la moyenne lorsqu'il agissait en tant que CT et le
nombre moyen le plus élevé lorsqu'il agissait en tant que CO. Alors que le nombre moyen de
clairances transmises par datalink par les autres CO était de 3 par exercice, le participant
considéré en a envoyé 20 environ. Il est arrivé notamment que ce participant, lorsqu'il faisait office
de CO pour le secteur SW et que le niveau de trafic était fixé à 120 %, envoie 55 instructions, soit
autant que le nombre d'instructions émises par le CT.

Les participants se distinguaient en fonction de leur expérience du contrôle aérien et par le fait
qu'ils avaient participé ou non à une simulation précédente du datalink. Les contrôleurs les plus
expérimentés parvenaient mieux à maintenir une image globale de trafic et, partant, à compenser
le manque de communication et l'absence de coopération dans l'équipe. Toutefois, même les
participants les plus expérimentés ont reconnu qu'il leur était relativement facile, s'ils agissaient en
tant que CT et se concentraient trop sur ce qui se passait après l'émission d'une clairance par
datalink, de perdre de vue ce que faisait le CO. 
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3.4.5. Évolution du travail d'équipe

En ce qui concerne la répartition des tâches entre le CT et le CO, les participants se sont vus
proposer ce qui suit :

Table 1:  Répartition des tâches entre le CT et le CO, telle que proposée par les participants

Tâches du CO Temps Tâches du CT

• Coordination sol-sol pour l'ensemble des
aéronefs

• Traitement de l'avertissement FLIPCY avant la
prise en charge

• Vérifier si le pilote
a transmis, par
liaison
descendante, ses
préférences en
matière de niveau
de vol et/ou de
vitesse (PPD),
avant de changer
le XFL

• +/- Résolution des
problèmes à
facteur temps
critique

• Transférer les aéronefs équipés du datalink

V

• Prise en charge de l'ensemble des aéronefs

• Assurer la séparation pour tous les aéronefs

• Traitement des alertes aux turbulences

• Vérifier si le pilote a transmis, par liaison
descendante, ses préférences en matière de
niveau de vol et/ou de vitesse (PPD), avant
d'émettre le CFL et/ou une limitation de
vitesse

• +/- coordination sol-sol des sorties

• Transférer les aéronefs non équipés du
datalink

Conformément aux recommandations, les CO ont assuré la coordination des entrées et des
sorties, résolu certains problèmes à facteur temps non critique et transféré les aéronefs équipés du
datalink. Les CT ont pris en charge tous les aéronefs et transmis aux pilotes la plupart des
messages envoyés par datalink, avec l'aide occasionnelle des CO. Les demandes des pilotes
envoyées par datalink ont été traitées tant par les CT que par les CO.  Les CO ont joué un rôle
beaucoup plus actif dans le contrôle du trafic dans un environnement datalink. 

Les CO ont pu accomplir à la fois des tâches de planification et des tâches tactiques. Si les CO
accomplissent trop de tâches tactiques, il risque toutefois de ne plus avoir assez de temps pour
leurs tâches de planification. Les participants ont fait observer que, en tant que CO, ils ne
souhaitaient pas être chargés de tâches telles que le transfert des aéronefs si ces tâches devaient
empiéter sur leurs autres attributions. La formation, y compris la formation à la gestion des
ressources des secteurs, devrait aider à sensibiliser les contrôleurs au problème potentiel des
difficultés de coopération. Un complément d'étude s'impose.

Les participants ont confirmé, pour en avoir fait personnellement l'expérience, que la mise en place
du datalink air-sol, alliée à une redistribution des tâches entre CT et CO, entraînera une réduction
de la charge de travail des CT. La solution la plus efficace consisterait à confier aux CO le soin de
transférer les aéronefs équipés du datalink,  ce qui permettrait aux CT de consacrer davantage de
temps à la résolution des conflits et à la détermination de routes plus efficaces pour les aéronefs.  
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Le datalink permettra également aux CO de coopérer davantage avec les CT. Les CO pourraient
même être autorisés à transmettre au pilote, par datalink, des autorisations à facteur temps non
critique, à la demande des CT.

Comme la RTS DOVE-1 ne comportait aucun exercice avec des aéronefs non équipés du datalink,
le gain potentiel lié à l'introduction de la liaison de données n'a pu être évalué. Ce n'était toutefois
pas indispensable puisque la simulation visait à évaluer les effets du datalink en fonction du niveau
de trafic et/ou du niveau d'équipement des aéronefs. La plupart du temps, la charge de travail des
participants était à un niveau acceptable. Un modèle des avantages liés à la mise en place d'un
double datalink air-sol et sol-sol et de la charge de travail additionnelle liée aux nouvelles tâches
est présenté à la Figure 4. Il conviendrait d'étudier cette question plus avant pour évaluer
l'incidence d'une coopération CO - CT non optimale. 
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Figure 3:  Répartition des tâches entre CO et CT et charge de travail sans (à gauche) et avec (à droite)
datalink air-sol et sol-sol

3.4.6. Meilleure image mentale de la situation

Le datalink air-sol améliorera les trois niveaux de perception de la situation :

• niveau 1 – collecte de données au sujet de la situation du moment ;

• niveau 2 – analyse de la situation du moment et établissement d'un diagnostic, afin de
déterminer les interventions requises ;

• niveau 3 – extrapolation, à partir de la situation du moment, des interventions requises à
plus long terme.
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3.4.6.1. Premier niveau de perception de la situation

Le premier niveau de perception de la situation consiste à recueillir des données au sujet de la
situation du moment.

Tous les participants ont estimé qu'ils avaient gardé une bonne image du trafic pendant qu'ils
utilisaient le datalink et que les services CAP les avaient aidés à se former une image précise du
trafic sans difficulté. Il ressort néanmoins des pertes de séparation enregistrées que leur
perception de la situation était parfois déficiente. La surveillance n'était pas toujours optimale. En
fait, quatre participants CO et trois participants CT ont indiqué dans le questionnaire consécutif à
l'exercice que, la moitié du temps, ils avaient le sentiment de commencer à se concentrer trop sur
un seul problème et/ou sur une seule zone du secteur. 

En outre, un participant a dit avoir le sentiment que les aéronefs n'étaient pas toujours pleinement
intégrés. Ce participant a déclaré que l'image était bonne "sauf lorsque l'on prend en charge un
aéronef en cliquant sur le message "MONITORING".

Un participant a également proposé d'autoriser les CO à prendre en charge des aéronefs équipés
du datalink. Une telle délégation devrait toutefois être aussi limitée que possible. Certains
participants ont indiqué que, lorsqu'ils travaillaient en qualité de CT en période de forte densité de
trafic, ils se sont rendu compte que leur image mentale de la situation était moins bonne au
moment où, faute de dialogue avec les pilotes, ils ont commencé à prendre en charge des
aéronefs trop rapidement, sans vérifier systématiquement les plans de vol. Si les CO étaient
autorisés à prendre en charge les aéronefs équipés du datalink, le risque que les CT développent
une mauvaise image mentale de la situation augmenterait. 

3.4.6.2. Deuxième niveau de perception de la situation

Le deuxième niveau de perception consiste à analyser la situation du moment, et à établir un
diagnostic, afin de déterminer les interventions requises. 

La disponibilité des services CAP aiderait les CT à mieux déterminer l'intervention tactique
requise. Contrairement à ce qui se passe aujourd'hui, les CO pourraient également parfaire à tout
moment leur image tactique de la situation. Tout le temps gagné par les CT du fait d'une moindre
utilisation du canal vocal pour les tâches de routine (dire "bonjour" et "au revoir") et pour interroger
les pilotes pourrait être mis à profit pour discuter avec les CO et actualiser ainsi l'image mentale de
la situation qu'ils partagent.

La réduction des communications vocales liée au datalink permettrait également aux CT de se
concerter davantage avec les CO sur la meilleure manière de résoudre des conflits particuliers.
Cette coordination accrue entre contrôleurs devrait se traduire par une meilleure image mentale
partagée de la situation.

3.4.6.3. Troisième niveau de perception de la situation

Le troisième niveau de perception de la situation consiste à extrapoler, à partir de la situation du
moment, les mesures nécessaires à plus long terme.

La disponibilité des services PPD permettra aux CT de mieux prévoir les mouvements futurs des
aéronefs. Ici encore, un des participants a déclaré :  Cette technique nous laisse peut-être
(pour diverses raisons) plus le temps de penser aux conflits potentiels. Le temps est le
facteur qui permet à l'ATC de mieux prévoir les mouvements d'aéronefs."
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3.4.6.4. Perception mutuelle de la situation par le CO et le CT

Les participants CT ont déclaré que leur image mentale de la situation souffrait du fait que les CO
intervenaient de manière indépendante, sans les informer.

Les participants CO ont, dans une moindre mesure, fait la même constatation. Les CT et les CO
ne travaillaient-ils pas avec le même horizon temporel ? Les CO se sont-ils trop concentrés sur le
transfert des aéronefs équipés du datalink ou sur la résolution des problèmes à facteur temps non
critique, oubliant ainsi de surveiller les instructions transmises par datalink par le CT ? 

Il ressort également de la simulation que le datalink amplifie les effets du profil / des qualifications
du contrôleur et nécessite des contrôleurs capables de bien maintenir leur image mentale de la
situation. Le participant ayant indiqué qu'il lui arrivait souvent, en tant que CO, de trop se
concentrer sur un seul problème ou sur une seule partie du secteur est également celui qui a
provoqué une perte de séparation en envoyant une clairance à un aéronef équipé du datalink,
sans en informer le CT. Il y a lieu de noter que ce participant, bien que conscient de ses limites,
n'a cessé de vouloir accomplir, en sa qualité de CO, autant d'opérations de contrôle que possible
par datalink, sans en informer le CT. Ses limites ont été confirmées lorsque, en réponse à la
question "Avez-vous été surpris(e) par le comportement de votre partenaire d'équipe ?", il a
répondu "Oui, le CT a une très bonne image globale de la situation".

En tant que CT, ce même participant a déclaré avoir souvent l'impression de trop cibler son
attention. Et pourtant, ce même participant voulait effectuer toutes les tâches (y compris la
coordination sol-sol) sans tenir compte du fait que le CO lui conseillait / l'avertissait de résoudre un
problème.

La gestion de l'image mentale de la situation et, en particulier, la connaissance de toutes les
ressources du secteur (à savoir le système et les collègues) ont été influencées par les
changements requis sur le plan de la communication et de la coopération. Pour avoir pleinement
conscience de la situation, dans la phase de planification comme dans la phase tactique, les CO
ont dû se concentrer activement, et non passivement, sur l'écran. Pour ce faire, il leur a fallu
modifier sensiblement leurs méthodes de travail puisqu'à l'heure actuelle, ils forment une partie de
leur image mentale de la situation en écoutant les communications verbales sur la fréquence radio.

L'affichage des informations transmises par datalink présentait à la fois des avantages et des
inconvénients. Parmi les avantages, le fait que toutes les informations étaient disponibles pour
tous, comme c'est la pratique actuellement,  et que toutes les actions de contrôle et actions
consécutives s'affichaient sur les écrans des deux contrôleurs. Parmi les inconvénients, le risque
de saturation de l'écran, seule source d'information.

Les horizons temporels d'action des CO et des CT se chevauchaient. Les CO pouvaient envoyer
des instructions tactiques à facteur temps non critique à un aéronef équipé du datalink déjà pris en
charge (plutôt que d'intervenir uniquement auprès d'aéronefs en phase de planification avec le
statut "Advanced Information"). Avec le datalink, les décisions et interventions connexes des CO et
des CT pourraient même se révéler contradictoires (en cas de divergence de leurs stratégies de
contrôle).

La décision, pour le CO, de notifier une intervention au CT, ou de ne pas la notifier, et, le cas
échéant, le moment de cette notification dépendaient de la situation. Comme dans les méthodes
de coordination actuelles, il s'agit d'un travail d'équipe. 
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Pour chaque intervention prévue, le CO devait évaluer :

• la nécessité d'obtenir l'approbation préalable du CT ;

• la nécessité de lui fournir un certain feedback (si son approbation préalable n'était pas
nécessaire) ; 

• la possibilité d'intervenir de manière totalement indépendante. 

Vu la redistribution des tâches entre le CO et le CT et les nouvelles responsabilités potentielles
des CO, la sécurité et l'efficacité du système ATM sont encore plus tributaires qu'avant de la
qualité de la coopération et de la communication entre le CO et le CT.

Selon l'analyse Shape, le nombre et la nature des communications entre le CO et le CT varient
selon le niveau d'équipement des aéronefs. Lorsque le niveau d'équipement est faible, la
communication verbale est plus importante et de nature plus incitative. Lorsque le niveau
d'équipement est plus élevé, la communication verbale se fait beaucoup plus rare et moins
incitative : les contrôleurs parlent davantage de la situation. (Cf. le rapport SHAPE en Annexe B.)

3.4.7. Incidences des nouvelles attributions du CO sur la confiance mutuelle et la
responsabilité juridique

La redistribution des tâches entre le CO et le CT qu'autorise le datalink air-sol ne sera
avantageuse que si les actions du CO n'interfèrent jamais avec la stratégie du CT. Le CO devrait
informer le CT de ses actions, à moins que la situation ne présente aucun danger. 

Comme la perception de ce qui constitue une situation "sans danger" est subjective, les CO ne
devraient agir sans informer les CT que dans les situations ne présentant incontestablement aucun
risque pour la sécurité. Comme le CT et le CO pourront intervenir, par datalink, pendant la même
phase, les CT seront également une source de modifications "silencieuses" de la situation. Les CT
devraient avoir la priorité. Ils ne devraient pas être tenus de demander l'approbation des CO mais
devraient néanmoins les informer de ce qu'ils font.

Certains participants CT ont été ennuyés que les CO les informent de tous les transferts. D'autres
participants CT ont été réellement contrariés par certains transferts "silencieux" réalisés trop tôt
par les CO. Il faut donc que des règles explicites au sujet des "obligations" de chaque acteur
soient définies au sein de chaque équipe. Ainsi, il pourrait être décidé qu'un CO peut transférer
tout aéronef équipé du datalink sans en informer le CT, sauf si le CT compte transférer un aéronef
X minutes avant la limite de secteur, la valeur X devant être définie par le CT. Au cas où le CO
souhaiterait transférer un aéronef avant la valeur limite fixée, il devrait solliciter l'approbation
préalable du CT. De même, si le CT voulait transférer un aéronef avant la limite fixée, il devrait en
informer le CO, qui pourrait souhaiter coordonner de nouvelles conditions de sortie.

En outre, la responsabilité juridique devrait être partagée. Si le CO délivrait, par datalink, une
clairance allant à l'encontre des intentions du CT et conduisant à une perte de séparation, c'est le
CO et non le CT qui devrait être juridiquement responsable.

3.4.8. Diminution des possibilités d'erreur mais augmentation du risque de mauvaise
perception de la situation - questions de sécurité

La plupart des participants estiment que le système ATM sera plus sûr avec le datalink.  Ils
pensent également qu'un environnement datalink diminuera la probabilité d'erreur de la part des
contrôleurs et ne devrait pas aggraver les incidences de ces erreurs. 
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Ils considèrent néanmoins que les types d'erreur seront différents. Certains participants n'ont pas
eu l'impression que le datalink, tel que mis en œuvre pour la simulation, augmentait la sécurité. 
Il semble que la charge de travail du CT diminuera encore plus si la probabilité d'un problème de
sécurité diminue. Ici encore, il est très intéressant de noter que, de l'avis de tous les participants, le
datalink ne sera efficace que si les CO et CT collaborent dans de bonnes conditions de sécurité. 
Les participants ont indiqué les situations dans lesquelles le travail d'équipe a le plus souffert en
raison du datalink :

• lorsque le CO essaie de travailler en tant que CT mais oublie ses propres tâches ;
• lorsque le CO délivre certaines clairances (itinéraire direct, changement de niveau) dont

le CT ne voulait pas et qui rendent la situation moins sûre ;
• lorsque l'entente entre CO et CT n'était pas bonne et que le CO a pris des mesures sans

coordination préalable avec le CT.

Un CO doit respecter les obligations qui lui incombent. Il ne doit utiliser le datalink que pour
délivrer des clairances à facteur temps non critique. Un CO ne doit en aucun cas devenir un
deuxième CT. Il ne faut pas non plus que les CO délivrent des autorisations allant à l'encontre des
intentions du CT. Les CO ne devraient pas pouvoir intervenir sur un aéronef que le CT est en train
de dévier ou sur un aéronef qui interfère dans le conflit que le CT s'efforce de résoudre.
Les CO peuvent utiliser le datalink pour aider à réduire les pointes de travail du CT, mais ne
peuvent utiliser le datalink lorsque le CT est surchargé. Si la situation devenait tactique ou que le
datalink ne fonctionne plus, le CT ne serait pas en mesure de rétablir la situation et de délivrer les
clairances par fréquence radio.
En ce qui concerne la HMI, les tâches des CO ne devraient pas être limitées à l'utilisation du
datalink. Il est indispensable qu'un CT puisse utiliser le poste d'un CO en cas de panne technique.
Cette limitation ne devrait porter que sur les tâches des acteurs, la méthode de travail et les règles
de légalité.

Assume of control

R/T Clearance
issue for solving
Time critical
Conflict

Co-ordination

Transfer by R/T or
by D/L

D/L clearance issue
for solving Non-Time
critical Conflict
without  interfering
aircraft

D/L clearance issue
for solving Non-Time
critical Conflict with
interfering aircraft

Early Transfer by
D/L

Nominal Transfer by
D/L

FLIPCY warning
management

PC SA topics TC SA topics

Figure 4 :  Tâches SA propres aux CO (cadre bleu), aux CT (cadre noir) et aux deux
types de contrôleurs (intersection des cadres bleu et noir).
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Il va sans dire que toutes les informations relatives aux interventions des contrôleurs doivent être
connues des deux contrôleurs. C'est pourquoi toutes les informations seront affichées sur la HMI,
au premier niveau, ou à la demande des contrôleurs, dans la fenêtre de l'écran radar et/ou dans
des fenêtres annexes. C'est ainsi que la HMI a été conçue. Le schéma ci-dessus indique les
interventions ne pouvant être effectuées qu'avec l'approbation préalable du collègue (dans la zone
d'intersection) et celles pouvant être effectuées sans informer le collègue (en dehors de la zone
d'intersection).

Ce schéma a été établi à la lumière des résultats de l'analyse réalisée après la simulation
DOVE-1. Il devrait être soumis, lors de toute session de formation, aux participants à des
simulations, afin de les sensibiliser au problème de la coopération entre contrôleurs.

3.5. SYNTHESE DES CONCLUSIONS

3.5.1. Généralités

Tous les participants étaient d'accord pour affirmer que le concept d'exploitation du datalink air-sol
est facile à comprendre et que, vu les améliorations ressenties au niveau des performances des
contrôleurs tactiques et de la sécurité, ils recommanderaient la mise en œuvre du système datalink
pour d'autres contrôleurs. L'analyse des données quantitatives recueillies pendant la RTS DOVE-1
ne fournit toutefois aucune preuve spécifique de l'amélioration ni d'ailleurs de la dégradation des
performances des contrôleurs. Toutefois, elle a mis en lumière certaines questions de sécurité,
dont l'importance était auparavant sous-estimée.

Le temps qu'un CT consacre aux communications vocales diminuera dans un environnement
datalink, mais cette évolution ne sera bénéfique que s'il peut consacrer le temps ainsi gagné aux
tâches de prise de décision et de planification et/ou à l'amélioration de la coopération avec le
contrôleur organique (CO). 

3.5.2. Bonnes pratiques

Les données recueillies pendant la RTS DOVE-1 ont confirmé que les aéronefs équipés n'étaient
pas traités différemment de ceux qui ne l'étaient pas (les CT n'ont accordé de priorité particulière ni
à l'un ni à l'autre type). Les contrôleurs étaient toutefois tenus de décider à l'avance s'ils
souhaitaient communiquer par datalink avec un aéronef équipé. Les instructions ATC à exécuter
dans un délai inférieur à deux minutes ont été transmises de préférence verbalement. 

Le datalink aidera les contrôleurs à fixer des priorités dans leurs dialogues avec les pilotes et, si
aucune priorité n'est nécessaire, à gagner du temps en transmettant simultanément différentes
clairances à différents aéronefs.

3.5.3. Conception

Les données recueillies pendant la RTS DOVE-1 ont également confirmé que la procédure
d'actualisation du système après transmission verbale d'une clairance, par fréquence radio, à un
aéronef équipé du datalink doit être aussi rapide que possible,  et au moins aussi rapide que la
procédure correspondante pour les aéronefs non équipés.
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3.5.4. Charge de travail et coopération 

Il ressort de l'analyse des données obtenues pendant la RTS DOVE-1 que l'augmentation  du taux
d'équipement des aéronefs, qui est passé de 50 à 95 %, n'a pas eu d'incidence significative sur la
charge de travail du CT, ni sur celle du CO, même si le taux d'occupation de la fréquence radio a
diminué de manière sensible. 

Comme prévu, c'est pendant des pointes de trafic, ou juste après, que les participants se sont
déclarés surchargés. (L'inverse n'est toutefois pas vrai : toutes les pointes de trafic n'ont pas
provoqué un sentiment de surmenage chez les participants). En période de trafic élevé, les CO et
les CT se sont sentis surchargés environ 10 % du temps. En outre, il a été constaté qu'une
mauvaise coopération entre CO et CT pouvait également entraîner un sentiment de surcharge
chez le CT. Il est arrivé que l'absence d'information ou d'avertissement au sujet des intentions
mutuelles d'utilisation du datalink pousse le CO et le CT à exécuter des actions contradictoires ou
incompatibles, ce qui aurait pu provoquer des pertes de séparation  La fréquence avec laquelle de
telles situations critiques pour la sécurité se sont produites est faible, mais les incidences de telles
situations auraient pu être très critiques pour la sécurité des aéronefs.

3.5.5. Partage des tâches entre CO et CT

La plupart des participants sont d'avis que le datalink permettra une redistribution des tâches entre
CT et CO. L'exécution, par les CO, de tous les transferts par datalink a entraîné une réduction de
la charge de travail du CT, ce qui a permis à ce dernier de consacrer plus de temps à l'analyse de
situations à facteur temps critique sans réduire le niveau de service. Toutefois, ces transferts ont
dû être effectués en coopération avec les CT. En dehors des conditions normales, un CO ne
devrait exécuter cette tâche qu'avec l'aval de son CT.

3.5.6. Gestion des ressources d'équipe 

La plupart des participants ont convenu qu'un environnement datalink permettra de déléguer aux
CO des actions à facteur temps non critique. La RTS DOVE-1 a mis en lumière l'importance d'une
bonne coopération entre les CO et les CT pour que la redistribution des tâches fonctionne bien. En
cas de coopération insuffisante, les doutes qu'éprouve le CT au sujet des actions du CO génèrent
un niveau de stress jugé inacceptable en dehors du contexte d'une simulation. 

L'environnement datalink a également permis un partage plus souple de la charge de travail, les
CO accomplissant des tâches tactiques, et vice-versa, en fonction des besoins. Néanmoins, les
participants ont souligné qu'un CO devait suivre la stratégie et le rythme de travail de son CT. Il est
clair que le CT doit rester le chef de l'équipe de contrôle du secteur.

3.5.7. Qualité du travail d'équipe

Les participants ont insisté sur le fait que le niveau de performance n'est pas seulement lié à
l'utilisation du datalink, mais aussi, et c'est un facteur important, à l'harmonie dans laquelle l'équipe
travaille. En d'autres termes, la coopération constitue un facteur essentiel si l'on veut que la mise
en œuvre d'un datalink soit bénéfique, et  la composition de l'équipe revêt une grande importance.
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3.5.8. Perception de la situation et surveillance 

Il ressort clairement de la simulation DOVE-1 que l'utilisation d'un datalink affecte la conscience
que les contrôleurs ont de la situation, en renforçant le rôle critique de la tâche de surveillance. Du
fait de la diminution du nombre de clairances transmises verbalement par le CT, les CO doivent se
concentrer davantage sur l'écran. Les CT doivent eux aussi se concentrer davantage sur l'écran.
En période de forte densité de trafic, la prise en charge "silencieuse" des aéronefs a entraîné chez
les CT des pertes occasionnelles de leur image mentale de la situation, peut-être parce que :

• ils avaient oublié de contrôler un plan de vol à l'avance ;

• ils étaient trop occupés à attendre qu'un pilote réponde à une clairance transmise par
datalink ;

• ils avaient juste raté la clairance transmise silencieusement par le CO.

De tels problèmes potentiels requièrent un complément d'étude.

3.6. SYNTHESE DES RECOMMANDATIONS

3.6.1. Recommandations relatives au service

Il est recommandé de :

• maintenir le service PPD (transmission par datalink de la vitesse préférée du pilote) ;

• poursuivre les recherches sur l'utilisation des données relatives aux turbulences aux fins
de la planification ;

• revoir les spécifications du service FLIPCY afin, si possible, de limiter ce dernier à la
fourniture d'avertissements de détection d'incohérence.

3.6.2. Recommandations relatives à la HMI

Il conviendrait de revoir la conception de la HMI sol de manière à :

• établir un contraste plus marqué entre le cadre d'indicatif d'appel représentant un aéronef
équipé du datalink avec lequel la connexion CPDLC est réussie et celui désignant un
aéronef équipé du datalink sans connexion CPDLC ; 

• signaler immédiatement la réception, par liaison descendante, des préférences du pilote ;

• pouvoir indiquer la localisation et la gravité des zones de turbulences sans trop perturber
les contrôleurs et sans encombrer l'écran ;

• pouvoir indiquer les  aéronefs qui doivent quitter ou éviter les zones de turbulences ;

• améliorer le dialogue d'actualisation du système pour la communication verbale de
clairances aux aéronefs équipés du datalink ;

• simplifier la procédure d'annulation des messages d'erreur en cas d'ambiguïté entre les
systèmes sol et air ;

• marquer davantage la différence entre les messages air-sol et les messages sol-sol ;

• dissocier les processus de coordination sol-sol et de transmission sol-air des clairances
Direct ; 
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• pouvoir afficher (sur demande) un historique des messages envoyés pendant les minutes
précédentes (nombre de minutes à préciser) ;

• dissocier l'action "Assume" de l'affichage du message "MONITORING" ;

• afficher un message d'avertissement pour tous les aéronefs équipés du datalink qui ont
le statut "Assumed" et pour lesquels aucun message de monitoring n'a été reçu ;

• permettre la combinaison des saisies "prise en charge du contrôle" et "clairances par
datalink".

3.6.3. Autres recommandations

Enfin, il est recommandé :

• d'évaluer le risque associé à la non-vérification effective du bon fonctionnement du canal
vocal avant qu'une instruction à facteur temps critique ne doive être communiquée ;

• de réévaluer la manière de gérer plusieurs demandes simultanées des pilotes ;

• d'analyser plus avant les méthodes de scanning requises pour les aéronefs équipés du
datalink afin de déterminer les compétences futures à inclure dans les formations et la
mesure dans laquelle ces méthodes seront éprouvantes (sur les plans physique, mental
et temporel) et compatibles avec les méthodes de scanning nécessaires pour les
aéronefs non équipés dans un environnement mixte ;

• d'analyser plus avant l'incidence de la dissociation des deux tâches que sont la
coordination sol-sol et la communication d'une clairance ;

• de fixer, au sein de chaque équipe, des règles explicites définissant les attributions de
chaque acteur ;

• d'étudier les moyens de réamorcer un transfert CPDLC avorté.

3.6.4. Prochaines étapes

A long terme, il faudra étudier plus avant les aspects juridiques du datalink ainsi que les exigences
applicables en matière de procédures, méthodes de travail et culture de la sécurité (gestion des
ressources de l'équipe, par exemple). Ces travaux pourraient prendre la forme de simulations en
temps réel fondées sur des dossiers de sécurité (scénarios) et ciblées, chacune, sur un nombre
limité de services datalink. Ces simulations devraient se dérouler en parallèle avec d'autres
simulations visant à évaluer la faisabilité technique de services datalink.
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ANNEX A
Post-Simulation Questionnaire Responses

The following tables show the responses that were obtained from the participants to those
questions of the Post-simulation Questionnaire that required the participants to indicate their level
of agreement with the given statement.  There were five possible levels of agreement - strongly
agree, agree, undecided or no opinion, disagree, and strongly disagree.  The sixth possibility was
to not respond at all.
Some of the statements were formulated in a negative way; for example, the statement for
Question 1.10 was "As TC, the silent WILCO made the picture of the traffic not easy to
maintain".  This was done to ensure that the participants had to read each question carefully
before responding.
The questions were divided into five categories; there were:

•  general questions;
•  questions about the HMI;
•  questions about the CAP service;
•  questions about error messages and performance; and
•  questions about the training and simulation environment.

General

Question Statement Strongly
Agree Agree Undecided/

No opinion Disagree Strongly
Disagree

No
reply

1.1
The concept of operations of the
air-ground data link is difficult to
understand.

0 0 0 5 2 0

1.2
The air-ground data link working
methods were acceptable (even if
the HMI had weaknesses).

1 6 0 0 0 0

1.3
The air-ground data link enables
a beneficial re-distribution of tasks
between the PC/TC team.

0 4 1 1 1 0

1.4
It was difficult to decide when to
use the data link and when to use
the voice.

0 0 0 5 2 0

1.5
The air-ground datalink makes
you miss some information
related to voice communication.

0 4 1 2 0 0

1.6
You felt more pressure than usual
when handling air-ground datalink
traffic.

0 0 0 5 2 0

1.7

Controlling a mixture of air-ground
datalink- and non-equipped flights
(50%) was more demanding than
controlling nearly all air-ground
datalink flights (95%).

2 5 0 0 0 0

1.8
I maintained a good picture of the
traffic when using the air-ground
datalink.

1 6 0 0 0 0

1.9

The air-ground datalink enabled
you to better predict aircraft
movements and pilot compliance. 0 4 1 2 0 0
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Question Statement Strongly
Agree Agree Undecided/

No opinion Disagree Strongly
Disagree

No
reply

1.10
As TC, the silent WILCO made
the picture of the traffic not easy
to maintain.

0 0 1 5 1 0

1.11 As PC, the silent WILCO made
the picture less easy to maintain. 0 1 0 5 1 0

1.12
The PC being responsible for the
transfer does not increase the TC
task of monitoring.

0 5 2 0 0 0

1.15

The air-ground datalink enabled
you to provide the airspace users
with a better level of service
(more compliant with pilot
preferences).

0 4 2 1 0 0

1.16
The air-ground datalink gives you
time to focus on other more time-
critical clearances.

1 5 1 0 0 0

1.17

The possibility for simultaneous
communication was not confusing
(and allowed the TC to issue
clearances to several aircraft at
the sae time).

1 5 0 1 0 0

1.18
The datalink will enhance
capacity significantly without
generating unbearable workload.

0 4 2 1 0 0

1.19 The datalink makes you feel more
confident (of doing a safe job). 0 3 2 2 0 0

1.20 The datalink reduced the
likelihood for ATCO error. 0 4 3 0 0 0

1.21
The availability of CPDLC makes
you feel that the ATM system is
safer.

0 4 3 0 0 0

1.22
The availability of CAP (including
PPD and turbulence) makes you
feel that the ATM system is safer.

0 3 3 1 0 0

1.23
The availability of ACM
(transfer/assume) makes you feel
that the ATM system is safer.

0 4 0 3 0 0

1.24
The reduction of the human voice
in the datalink environment does
not decrease the level of safety.

1 4 1 1 0 0

1.25 Pilot error with datalink has more
impact than today. 0 0 2 5 0 0

1.26 The datalink will not increase the
impact of ATCO error. 0 4 2 1 0 0

1.27

ATCO errors associated with the
datalink were no different than
those associated with non-
equipped aircraft.

0 1 2 4 0 0

1.28
Between the PC and the TC, the
responsibility for recovering
datalink failures was clear.

0 5 1 1 0 0
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Human-Machine Interface

Question Statement Strongly
Agree Agree Undecided/

No opinion Disagree Strongly
Disagree

No
reply

2.1

The general logic of the datalink HMI
i.e. display and input dialogue (the
framing of the callsign, numbers) was
easy to understand.

2 5 0 0 0 0

2.2

It was easier to distinguish non-
equipped aircraft from datalink-
equipped aircraft in the 50% datalink
traffic than in the 75% datalink traffic.

0 1 0 5 1 0

2.3

It was confusing to have ground-
ground communication (SYSCO) and
air-ground communication in the
Message-In/Message-Out windows.

0 1 2 4 0 0

2.4
The display of the pilot requests within
the Message-In window only was not
adequate.

0 1 1 5 0 0

2.5
The state of the CPDLC connection
for a Transfer-Out aircraft was not
useful.

0 0 0 4 3 0

2.6

A datalink-equipped aircraft without
CPDLC connection, when assumable,
should appear as a non-equipped
aircraft.

0 4 1 2 0 0

2.7 It was always obvious when it was
possible to transfer a datalink aircraft. 1 5 1 0 0 0

2.8 The way to overcome a datalink
transfer error was acceptable. 0 4 1 1 0 0

2.9 The Monitoring message was not
useful. 1 1 0 4 1 0

2.10 What to do after a No Reply message
was clear. 1 6 0 0 0 0

2.11 The way to remove a DL Error was
acceptable. 0 5 1 1 0 0

2.12
The indicator tat a downlink request
had not been replied to in time was
acceptable.

0 3 3 1 0 0

2.13

There was no ambiguity between the
display of the assigned heading,
speed, or ROC (in the unselected
label) and the display of the CAP
value (in the selected label).

0 7 0 0 0 0

2.14

There was ambiguity between the
ground-ground datalink and air-
ground datalink indicators in the radar
label.

0 2 1 4 0 0

2.15

There was no ambiguity between a
downlink request with Standby input
by the ATCO (white frame around the
callsign) and an uplink clearance with
Standby input by the pilot (white frame
around the data proposed).

1 4 2 0 0 0

2.16

There was ambiguity between a
datalink Standby from the pilot and
ground-ground co-ordination
messages to/from other sectors.

0 0 3 2 2 0
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Controller Access Parameters

Question Statement Strongly
Agree Agree Undecided/

No opinion Disagree Strongly
Disagree

No
reply

3.1 Accessing the CAP values through
the selected label was convenient. 0 7 0 0 0 0

3.2 Having the PPD service enabled a
better planning of the traffic. 0 4 1 2 0 0

3.3
Providing the turbulence warning was
useful so that I could warn other
pilots.

0 2 1 3 1 0

3.4 CAP was useful in reducing the
number of requests to the pilot. 0 6 0 1 0 0

3.5 The availability and update of the
PFLs and PSPs was obvious. 0 3 1 0 3 0

3.6 Tactical control was improved by having
CAP. 1 5 0 0 0 1

3.7 The update rate on CAP did not pose
a problem. 2 4 0 0 0 1

3.8

PPD (including flight and speed
envelopes and PFLs and PSPs) did
not improve tactical control of the
traffic.

0 4 0 3 0 0

3.9 The turbulence severity indicator
(number) was meaningful. 0 2 0 3 2 0

3.10
The effect of the turbulence severity
on the aircraft (background colour)
was meaningful.

0 3 0 2 2 0

3.11
Following a FLIPCY warning it was
always obvious when and what to
clear by voice.

0 2 2 2 0 1

Error Messages and Performances

Question Statement Strongly
Agree Agree Undecided/

No opinion Disagree Strongly
Disagree

No
reply

4.1 The error messages (i.e. DL Error)
pointed out what had gone wrong. 0 5 1 1 0 0

4.2 The number of datalink errors was
unacceptable. 0 1 1 5 0 0

4.3 The way to recover a datalink error
was easy. 0 6 0 1 0 0

4.4 The delay before receiving a "No
Reply" message was too long. 1 5 1 0 0 0

4.5 The way to overcome a "No Reply"
was easy to accomplish. 0 3 3 1 0 0

4.6 The delay before receiving a "DL
Error" message was too long. 0 3 1 3 0 0

4.7 Displaying every LACK message
would be preferable. 0 1 1 3 1 1

4.8
The time to receive a response to an
uplink was often too long (for Wilco,
Unable, and Standby).

0 3 1 2 0 1

4.9 The time-out for downlink requests was
too short. 0 0 3 4 0 0

4.10
The response times for uplink
clearances (ACL) were not a problem. 0 3 3 1 0 0
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Question Statement Strongly
Agree Agree Undecided/

No opinion Disagree Strongly
Disagree

No
reply

4.11 The response times for uplink transfer
(ACM) were not a problem. 0 5 2 0 0 0

4.12
The datalink reduced the need to re-
distribute tasks and activities during
periods of high workload.

0 1 2 3 0 1

4.14 I would recommend datalink
implementation to other controllers. 1 6 0 0 0 0

4.15 Density of traffic influences the benefit
of the datalink. 0 5 0 1 1 0

In addition, the participants were also asked to say whether certain types of instructions to pilots
were useful or not.

Type of Instruction Useful Not Useful No Reply
Climb to level 7 0 0
Descend to level 7 0 0
Direct to 7 0 0
Fly heading 7 0 0
Reduce to speed 7 0 0
Increase to speed 7 0 0
Climb/Descend at rate 5 1 1
No speed restriction 5 1 1
Maintain level 2 3 2

Training and Simulation Environment

Question Statement Strongly
Agree Agree Undecided/

No opinion Disagree Strongly
Disagree

No
reply

5.1 The training to get familiar with the new
datalink functions was not sufficient. 0 0 0 6 1 0

5.2 The training on the detailed HMI (i.e.
displays and input) was sufficient. 1 5 0 1 0 0

5.3 The traffic samples were not realistic. 0 0 2 5 0 0
5.4 The traffic samples were not too similar. 0 2 3 2 0 0
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1. INTRODUCTION

1.1. PURPOSE

The purpose of this document is to present the experimental results obtained from the DOVE-1
real-time simulation conducted in May / June 2002 (ref. 7).

1.2. SCOPE OF THE DOCUMENT

The document describes only the results obtained from applying four specific measurement
techniques developed on the EUROCONTROL SHAPE project. The techniques were for
measuring the effect of the introduction of Datalink, as implemented in DOVE-1, on controllers’
teamwork behaviour and situation awareness.

Because the measures are prototypes they had not been tested properly before. The DOVE-1
simulation provided an opportunity to evaluate the measures.

1.3. BACKGROUND TO PROJECT

A lot of operational benefits for both Air and Ground ATM systems can be foreseen from the
introduction of Datalink but the real magnitude of the benefit will have to be compared to the
technical and human investment required.

Communication by data link between pilot and controller will be used to remedy a number of
shortcomings of voice communication, such as voice channel congestion, misunderstanding due to
poor voice quality and/or misinterpretation, and corruption of the signal due to simultaneous
transmissions. Controller/pilot data communications are expected to be most beneficial for routine
operations, thereby reducing the number of required voice channels. Data link will also permit the
downlinking from an aircraft of various preferences and parameters. These will contribute to
improved ATC awareness of an aircraft’s operational preferences and also better controller and
aircrew environmental awareness

DOVE-1 RTS is the first real-time simulation of the DOVE project. It is a small–scale En Route
real-time simulation to evaluate the second generation of Datalink services (CPDLC and ADAP
services) including FLIPCY, PPD and downlink of Turbulence information.

1.4. STRUCTURE OF THE DOCUMENT

Following this introduction, this document is structured in 5 Chapters.

•  Chapter 2 describes the SHAPE measures and their implementation during DOVE-1
RTS. Limitations resulting from implementation are also discussed.

•  Chapter 3 presents the main results for each of the four methods.

•  Chapter 4 proposes an evaluation of the SHAPE measures.

•  Chapter 5 presents the conclusions of this report.

•  Finally Chapter 6 proposes some recommendations concerning the SHAPE measures
and the future DOVE simulations.
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2. METHOD

2.1. MEASURES

Four measures were used for the simulation:
a) Team Process Quality rating (TPQ) (See form in annex A). The tool is designed to

provide a means of assessing the impact of new technology on both the overall quality
of team performance and on important specific team processes. The TPQ form is a
Behavioural Observation Scale. This method requires Subject Matter Experts (SME) to
observe performance and to then rate performance using supporting reference material
containing examples provided with the form. The TPQ requires a rating of the team
processes derived from the SHAPE Team Measurement Model (ref. 1).

information exchange
communication procedures
situation/environmental awareness
procedural interaction
mutual support
authority/assertiveness
planning
workload management

The team processes are rated as either Very Poor, Poor, Just Adequate, Good or Very
Good. Each team process is rated separately.

b) Team Process Frequency recording (TPF) (See form in annex B): This recording form
provides a quantitative measure of teamwork, in the form of a log of the observed
frequency of occurrence of team-working behaviours. As for the Team Process Quality
rating form the observers shall be Subject Matter Experts (SME).The TPF requires
them to log the occurrence of a set of sixteen team behaviours, selected to represent
significant team process activities:

SHAPE Team Process Team behaviours
Info made available to team (unprompted)
Information requested where it is importantInformation exchange

Information provided, when requested
Mutual completion of actions following procedures

Procedural Interaction
Confirming and stating selected options

Planning discussion
Planning

Planning sent/updated
Prompting, providing advice/guidance

Mutual Support
Requesting /providing help or assistance when necessary

Mutually prioritising tasks
Workload Management

Re-distributing task to cope with high workload
Taking control task requiring immediate actions

Authority/Assertiveness
Giving directions during emergencies

Acknowledging changes to status, alert to updates
Discussing common pictureSituation/Environmental Assessment

Alerting each other to time constraints or events
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c) SASHA Questionnaire (See questionnaire in annex C). SASHA_Q is a self-rating
questionnaire to be completed by the controllers involved in the simulation. It is a non-
intrusive method to assess the controllers’ perceived Situation Awareness. The
questionnaire incorporates both questions of a generic nature (i.e. not dependent or not
related to specific aspects of the simulation) and questions aimed at particular tools,
HMI or other features of the automation. As currently designed, there are six generic
questions, three specific questions for each ‘tool’, and one question addressing SA
globally. Regarding the wording of the questions, they are based on information
obtained directly from controllers concerning what they considered to be the most
important indicators of SA (ref. 2)

d) SASHA on Line (See SME Rating Form in annex D) SASHA_L is based on the SPAM
technique. A Subject Matter Expert views the controller’s screen on a supplementary
display terminal, separate from the main simulation room. The queries are formulated
by the SME in real-time taking into account the real scenario as it unfolds. In other
words the SME asks a question when he/she decides it is pertinent to do so. The
queries can directly address the use of particular tools or other aspects of the
automation support. The time for the controller to respond to the query is rated as
either ‘okay’, ‘too long’, or ‘too short’, the latter indicating perhaps a lucky guess.

To avoid overloading the controllers with too many questionnaires it was decided not to use the
Team Process Questionnaire. Nevertheless, the DOVE-1 Simulation Team has adopted some of
the questions for the design of the DOVE-1 RTS Final Questionnaire.

These measures were developed as part of the SHAPE project phase 1. The SHAPE (Solutions for
Human Automation Partnership in European ATM) project was launched by EUROCONTROL in
early 2000 as part of the Human Factors sub-programme within the Human Factors & Manpower
Unit (EATMP, 2000).

2.2. EXPERIMENTAL PROCEDURE

The DOVE-1 real time simulation was held during a 3-week period from the 21st of May 2002 to the
7th of June 2002 at EUROCONTROL Experimental Centre in Brétigny (France). These 3 weeks
were split into one week of training and two weeks of evaluation or measured exercises. A
measured exercise lasts 1hour. 3 exercises a day were run (except on the 28th of May when 4
exercises have been run).

Experimental variables:

In DOVE-1 RTS, there are two main experimental variables:

1) the level of datalink equipage traffic whose effect will be tested in the nominal
organisation (Organisation A) at three levels 50%, 75%, and 95%,

2) the level of traffic whose effect will be tested in the nominal organisation
(Organisation A) at two levels 120% and 140% (of the baseline traffic) for the
measured exercises.
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Organisations:

In DOVE-1 real time simulation, there are three organisations A, B and C.

A) Organisation A is the nominal organisation for testing the following datalink services:
the CPDLC services including the ACM and ACL messages and the FLIPCY service,
and the ADAP service including the CAP values/messages and the PPD
values/messages.

B) Organisation B is the organisation where FLIPCY service is withdrawn. Organisation
B will be played three times with 140 % of traffic and 95% of D/L aircraft, i.e. three
measured exercises 140B95 and are to be compared with the similar exercises in
organisation A (i.e. 140A95).

C) Organisation C is the organisation where the CAP sub-service concerning the
Turbulence information is active. Four turbulence areas shall be active between
FL310 and FL410. This scenario will be played three times with 140 % of traffic and
95% of datalink equipped aircraft (i.e. three measured exercises 140C95) and will be
compared with similar exercises in organisation A (i.e. 140A95).

Actual measured exercises timetable:

Week 2

May
Monday

27
Tuesday

28
Wednesday

29
Thursday

30
Friday

31
Exe. 1 Training 140A75 140B95 140A95 120A95
Exe. 2 120A95 140A50 R 140A50 120A95 140B95
Exe. 3 140A50 140A75 120A75 120A50 140C95
Exe. 4 120A50

Week 3

June
Monday

3
Tuesday

4
Wednesday

5
Thursday

6
Friday

7

Exe. 1 140C95 140A95 120A75 120A50 Spare
140C95

Exe. 2 140A50 140A75 140C95 120A75 R De-briefing
Exe. 3 120A75 140B95 140A95 140C95 R

Legend: 120A50 means 120% traffic level, Org A (Nominal) with 50% data link equipage. If the
exercise name ends in T it is a training exercise.

The cyan exercises are the nominal exercises (Org.A). The pink exercises are the Non FLIPCY
exercises (Org. B) and the yellow exercises are with the downlink Turbulence indication (Org.C).

Exercises with double strikethrough (e.g. 140C95) are exercises that did not run to completion or
for which there is no system-recorded data. An exercise followed by the letter R indicates the re-
run of a previously lost exercise.
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2.3. IMPLEMENTATION AND LIMITATIONS

2.3.1. Team Process Quality rating (TPQ)

a) Implementation

Two experienced controllers member of the DOVE-1 team acted as Subject Matter Experts (they
are referred to as DOVE SME in the remainder of the document) and were using the Team
Process Quality rating form for a period of three days at the end of the simulation (3rd June to 5th

June11). The nine following exercises have been rated:

June
Monday

3
Tuesday

4
Wednesday

5
Thursday

6
Exe. 1 140C95 140A95 120A7512

Exe. 2 140A50 140A75 140C95
Exe. 3 120A75 140B95 140A95 140C95 R

Theoretical training has been given to them during the first week of the experiment and one
Practice session was performed, according to their availability during the second week.

b) Limitations

Due to their involvement in the running of the simulation itself, the availability of the DOVE SME
was limited to a period of three days. This period has been placed at the beginning of the third
week of the simulation. This way it was expected a reduced learning effect as well as a more
important team spirit among the team of controllers coming from different Centres.

This limited availability also had an impact by reducing the practical training of the DOVE SME
(See Chapter 4 Evaluation of the SHAPE Measures).

2.3.2. Team Process Frequency recording (TPF)

a) Implementation

An Huamn Factorsexperimenter (referred to as QinetiQ Observer in the reminder of the document)
acted as observer and was using the Team Process Frequency recording form from the 28th May
to the end of the simulation. Taking into account the fact that the observation of a Team of
controllers is a very demanding task, especially when the observer is not a controller him/herself, it
has been decided to observe only 2 of the 3 daily exercises. The decision to observe an exercise
was founded on the composition of the team in position for that specific measured exercise.

                                                
11 Due to the non completion of one of an exercise on the 5th June, DOVE SME agreed to rate the re-run of this exercise on the 6th June.
12 According to the fact that the exercise ran almost to completion and to their limited availability, both DOVE SMEs felt able to rate it.
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In agreement with the DOVE-1 Simulation Team, two Teams of controllers have been selected for
the Team Process Frequency recordings:

•  Team S, composed of a pair of controllers from the same country and even Centre, used
to working together;

•  Team D, composed of two controllers from different countries.

The thirteen following exercises have been observed and recorded:

Team S Team D
28th May 140A75
29th May 120A75
30th May 120A50 120A95
31st May 140B95 140C95
3rd June 140A50 120A75
4th June 140A95 140B95
5th June 145A95
6th June 140C95 120A50

To minimise learning and habituation effects, observations were performed from the middle of the
second week of the simulation. This timing enabled work to be carried in parallel with the Team
Process Quality ratings performed by the DOVE SMEs (See observation timetable in 2.3.1.).
During this common period of Observation, attention has been paid to always pair the QinetiQ
Observer performing the Team Process Frequency recording with the same DOVE SME
performing the Team Process Quality recording.

b) Limitations

The QinetiQ Observer was not an air traffic controller (reminder: the Team Process Frequency
recording form has been designed to be used by Subject Matter Experts).

2.3.3. SASHA questionnaire

The SASHA questionnaire (SASHA_Q) has been given after each measured exercise to the four
controllers on position on the measured sectors.

2.3.4. SASHA on Line

a) Implementation

A modified version of SASHA_L has been tested during 3 exercises only:

•  Exercise 1 on Monday 3rd June : 140C95
•  Exercise 2 on Tuesday 4th June: 140A75
•  Exercise 3 on Thursday 6th June: 140C95
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b) Limitations
For technical reason it appeared impossible to perform a proper SASHA_L during this first DOVE
simulation. The DOVE SME had to perform SASHA as an “over-the-shoulder” method.
The main data source on SA for DOVE-1 was then to be SASHA_Q, a measure of Perceived
Situation Awareness.

2.3.5. Generic Limitation

As a consequence of the number of variables to be tested in DOVE-1 RTS combined with the
number of measured exercises, specific sets of variables (i.e. level of traffic + organisation + level
of equipage) occurred only three times (i.e. 3 exercises). This fact limits considerably the
possibilities of comparison and treatment of the data collected. Therefore the results are to be
considered as trends to be further investigated rather than conclusive findings.

This is particularly relevant in the case of the SHAPE analysis where additional variables were
introduced such as the composition of the team for the Team Process Frequency recording or the
controller’s role (i.e. PC or TC) for the SASHA Questionnaire.
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3. MAIN RESULTS

3.1. TEAMWORK

3.1.1. Team Process Frequency recording

a) Teams

As expected the two teams performed in a slightly different way. More verbal communication were
observed in the case of Team D than in the case of Team S. The nature of the communication also
differed, with more “confirmation of the selected option” and “unprompted information” in the case
of the Team D. In the case of Team S communications tended to be longer, being more often
discussions than statements.

This is mainly due to the fact that the controllers of Team D were from different Centre and
Countries whereas the controllers of Team S were coming from the same Centre and were used to
working together. It is known that experienced teams perform in different ways to teams that have
not worked together. For example, experienced teams communicate less and are more aware of
particular behaviour or reactions associated with known individuals.

The influence of the personality of each controller should not be forgotten and as certainly played a
role in the fact that more frequent but shorter verbal communications were observed in the case of
Team D.
b) Level of equipage (i.e. percentage of Data-Link equipped aircraft)

Three different levels of equipage were simulated during DOVE-1 Real Time Simulation: 50%; 75%
or 95%.

The most sensitive effect on the Frequency of Team Behaviours is actually related to this
proportion of D/L equipped aircraft.

More verbal communication could be observed in the case of a “low” proportion of Datalink
equipped aircraft (50%) than when this proportion is higher (75 or 95%).

An interesting fact is that the Level of D/L equipped aircraft impacts not only the quantity but also
on the nature of the Team behaviours observed.

This phenomenon is particularly noticeable when comparing the rating forms of the exercises
where 50% of the aircraft were equipped with those of the exercises where 95% of the aircraft
were equipped.

In the case of the 95% equipped aircraft exercises the two main categories of Team Behaviours
observed are the first category: “Information exchange” and the seventh category: “Situational /
Environmental Awareness”. A third category (according to the number of instances observed) is
then “Mutual Support”, lower.

In the case of the 50% equipped aircraft exercises, the profile of Observed Team Behaviour is very
different. It is now Mutual Support and specifically the “prompting, providing advice/guidance” sub
category that is the most rated13.

                                                
13 The current format of the Team Behaviour Frequency Rating form does not allow recording neither the content of verbal exchanges nor the
instigator of the exchange. See 6.3 Possible modifications of forms and questionnaires.
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When represented graphically the difference between the profiles is clear. The 95% equipped
aircraft profiles are in a “W” shape when the 50% D/L equipped profiles are more in the shape of a
“Mexican hat” (See figures 1 and 2).

Figure 1: Team Process Frequency recording, 95% D/L
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Figure 2: Team Process Frequency recording, 50% DL
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A possible explanation could be found in the fact that the task sharing and working method varied
according to the Datalink equipment (or non-equipment) of the aircraft. The change was mainly
affecting the task to be performed by the Planning Controller (e.g. transferring the D/L equipped
aircraft) but has an overall impact on the task sharing of the team.

It seemed that a higher proportion of D/L equipped aircraft was allowing the team to function in a
more systematic manner. The controllers could focus on the new working method that was to be
applied in 95% of the cases.

In a less homogeneous environment, both controllers had to pay more attention to equipage of the
aircraft and constantly switch from one working method to the other. In those case the Planning
Controller had a trend to revert to a more traditional task sharing and to “forget” to transfer the D/L
equipped aircraft. Actually, an important part of the “prompting” recorded we the Tactical Controller
reminding the Planning Controller to transfer an equipped aircraft.

Another explanation could be found in a possibly too weak or inappropriate coding of the equipage
of the aircraft (a box surrounding the Callsign of equipped aircraft). There are no comments from
the controllers to support this hypothesis.

Finally it is to be noted that even with a low percentage of equipped aircraft very few “transfer
reminder” messages generated by the system have been observed.
c) Levels of Traffic

Two levels of traffic were simulated during the measured exercises of DOVE-1: 120% and 140% of
the baseline traffic (For the training exercises 50 and 100% were used).

The levels of traffic do not seem to have had an effect in themselves on the profile of Observed
Team Behaviour instances. Nevertheless, it appears that they might have played a role of
amplifier: the effect of other variables, particularly the effect of the proportion of D/L equipped
aircraft described above, is more significant when the level of traffic is high, i.e. 140%. When all the
other variables stay constant (i.e. same level of equipage and same team and, by definition same
organisation) there is no effect of the level of traffic.

It should be reminded here that these observations are based on a reduced number of exercises
limiting the value of the comparisons (See Generic limitation point 2.3.5.)
d) Organisations

Like for the levels of traffic, the different organisations do not appear to have a specific impact on
Teamwork. In particular, the same Observed Team Behaviours profiles can be observed for the
organisation A (nominal) and for the organisation B (no FLIPCY).

In the case of the organisation C, with Turbulence information display, a similar “amplifier effect”
can be detected, with much more verbal interaction among Team D (controllers from Different
centres) than for Team S (controllers from the Same centre).
(See figure 3).
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Figure 3: Team Process Frequency, Organisations
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Actually the observation notes reveal that the Team S quickly stop to take the Turbulence
information into consideration. Team D, on the opposite, was paying lots of attention to this
information that triggered many discussions and updates of the common picture as well as many
information given even if not requested by the other controller.

Finally it should be noted that this result lies on only one observed exercise per Team for the
organisation. C (turbulence) (See experimental procedure, point 2.3.2).

The detailed results of the Team Process Frequency recording Form are to be found in Annex E.

3.1.2. Team Process Quality rating form

The Quality ratings are very homogeneous and usually positive. In the case of one DOVE SME,
the lack of comments, combined with persistently positive rating does not leave much room for
analysis. (See Evaluation of SHAPE, chapter 4).

In the case of the other DOVE SME, some exercises received more varied scoring (and so less
high appreciation). It is interesting to note that two of these exercises are not in the nominal
organisation A, i.e. in organisation B (no FLIPCY) or C (Turbulence). The third exercise, although
part of organisation A, represents a specific combination of high level of traffic i.e. 140 with the
lowest level of equipage i.e. 50%.

•  140C95 on 03/06/02
•  140A50 on 03/06/02
•  140B95 on 04/06/02
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Exercise 140C95 on 03/06/02:

SHAPE Team Process Observer 1

Information exchange GOOD

Communication
Procedures GOOD

Situation/Environmental
Assessment VERY GOOD

Procedural Interaction GOOD

Mutual Support GOOD

Authority/Assertiveness VERY GOOD

Planning Just ADEQUATE

Workload Management Just ADEQUATE

Date: 03/06/02 TL: 140 Org: C DL: 95

The ratings are globally positive with the exception of two categories of Team Process “Planning”
and “Workload Management”.

According to the Quality Rating Form for this exercise, the VERY GOOD performance regarding
the maintenance of a common picture might have been achieved to the detriment of both Planning
and Team Workload Management.

140B95 on 04/06/02:

SHAPE Team Process Observer 1

Information exchange Just ADEQUATE

Communication
Procedures

Just ADEQUATE

Situation/Environmental
Assessment

GOOD

Procedural Interaction GOOD

Mutual Support GOOD

Authority/Assertiveness POOR/J ADEQUATE

Planning GOOD

Workload Management GOOD

Date: 04/06/02 TL: 140 Org: B DL: 95

In this exercise, the less good scorings are attributed to the following Team Processes:

•  Information exchange,
•  Communication procedures,
•  Authority/Assertiveness.
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These ratings are due to what has been perceived by the DOVE SME as a kind of “role confusion”:

•  "It was difficult to determine who was the PC!”
•  "Roles almost changed in the middle of the exercise";
•  "Difficult for a stranger to determine the leader on the suite".

The fact that those comments are not related to the organisation itself and that only one exercise of
Org. B has been evaluated does not allow us to draw conclusions as to possible effects of the
absence of FLIPCY.

140A50 on 03/06/02: The lower scorings were attributed during this exercise of the organisation A.

SHAPE Team Process OBSERVER 1

Information exchange POOR

Communication
Procedures

Just ADEQUATE

Situation/Environmental
Assessment

POOR

Procedural Interaction POOR

Mutual Support Just ADEQUATE

Authority/Assertiveness POOR

Planning Just ADEQUATE

Workload Management Just ADEQUATE

Date: 03/06/02 TL: 140 Org: A DL: 50

Interestingly enough this exercise is one with a combination of high traffic (140%) and low
proportion of D/L equipped aircraft (50%). It is actually during this run, and with the same team of
controllers, that the highest number of instances of prompting behaviour was recorded with the
Team Process Frequency method. (see figure 2 (140A50S)).

It indicates that those prompting were actually an attempt to cope with a difficult situation. It was
clear for both observers (DOVE SME performing the TPQ rating and QinetiQ observer performing
the TPF recording) that the poor performance of the Team was mainly due to one of the controller
not having a good picture and rapidly becoming only reactive.

The nature of the traffic, high and with a mixture of equipped and non equipped aircraft, allowed
this to happen and possibly prevented a quicker recovery to a more satisfying performance.

Finally it must be underlined that despite being rated as a poor team performance, no major
incident occurred during this exercise.

The detailed results of the Team Process Quality rating Form are to be found in Annex F.
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3.2. SITUATION AWARENESS

3.2.1. SASHA_Q

3.2.2.1. Main results

For all the different conditions, the result have been separated according to the role (Tactical or
Planning Controller) played by the controller during the last exercise, i.e. the exercise at the end of
which the questionnaire was given to them.

Important remark: DOVE-1 experimental plan takes into account numerous variables within a
limited period. As mentioned earlier (paragraph 2.3.5) the possibilities of treatment of the data are
dramatically reduced. This is particularly important in the case of SASHA Q for which no statistical
analysis could produce significant results. Therefore this chapter presents only the main trends and
not as conclusive findings.
a) Organisation A(Nominal): Generic tendencies

Organisation A is regarded for DOVE-1 RTS as the nominal organisation for testing the different
datalink services. It is with this organisation than the possible effect of the two main experimental
variables: level of traffic and level of equipage were tested (ref. DOVE, Facility specification, Part1:
design of the experiment).

Before going down to a more detailed level of analysis, generic profiles of answers can be
observed.

For most of the questions, apart maybe for those concerned with the PPD, the answers of
the Tactical Controllers have a trend to be more grouped around the same set of ratings
than the answers from the Planning Controllers. A possible explanation could be that the
proposed working methods and their variations according to the equipage of the aircraft had more
impact and were more novel for the Planning Controllers.

The controllers, either when working as Tactical Controllers or as Planning
Controllers, had the feeling of being ahead of the traffic and able to predict the
evolution of the traffic. All the ratings for the Question 1 are indeed comprise between
“Often” and “Always” with few answering “Sometimes”. Controllers had also the feeling they
were most of the time able to plan and organise their own work (question 2).

They were rarely surprised by an aircraft they were not expecting (question 3). For this
question it should be noted that some Planning Controllers apparently interpreted the
question as “surprised by a call” and made the comment “No, I was PC”.

Even if some controllers admitted having forgotten to transfer aircraft, they globally had the
feeling that it was only on rare occasions (question 5).

Regarding FLIPCY, there is a clear tendency, for both Planning and Tactical Controllers, to
think that the information it provided was rarely useful (question 7). Planning Controllers found
FLICPY information more often useful than the Tactical Controllers did. None of them had the
feeling that FLIPCY was often allowing them to have a better understanding of the situation
(question 9). It is to be noted that they did not either have the feeling of concentrating too much on
the functioning of this tool.
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Opinions on the PPD are much more diverse and the ratings regarding the usefulness of PPD
information as well as its participation in providing a good understanding of the situation are spread
over the entire scale. Several short comments (“Bad HMI”, “The HMI is not good”) are made
regarding the way PPD information is displayed and which is not judged satisfactory (questions 10
to 12).

Finally, controllers had the feeling of having a good overall Situation Awareness with all the
answers to the final question between “Okay” and “Very Good”.
b) Organisation A: Level of Traffic

To perform the analysis of any possible effect of the two levels (120 and 140) of traffic three sets of
comparison have been made. The level of datalink equipage defined these three sets. To isolate
possible effect of the level of Traffic, these levels of datalink equipage had to remain constant
within each set.

Comparisons between exercises14 performed with a level of traffic of 120 and exercises with a
traffic level of 140 have been made at a level of equipage of 50% (3 exercises 120A50 compared
with 3 exercises 140A50), then at a level of equipage of 75% (3 exercises 120A75 compared with
3 exercises 140A75) and finally at a level of equipage of 95% (3 exercises 120A95 compared with
3 exercises 140A95).

A first trend that emerges from these comparisons is that (as might have been expected) the
level of traffic seems to have more impact on the Tactical Controllers than on the Planning
Controllers. This trend appears more clearly with a level of datalink equipage of 50%, level at
which the Tactical Controllers have routine operations to perform on more aircraft.

With levels of equipage of 50 or 75%, both Tactical Controllers and Planning Controllers
have more often the feeling of being ahead of the traffic and able to predict its evolution
(question 1) when the traffic level is at 120 rather than at 140. The same trend can be
observed regarding the feeling of being able to plan and organise their own work (question 2). It is
to be noted that when the level of equipage is at 95% there is, for those questions, no impact
at all of the level of traffic (see figure 4).

                                                
14 Actually the comparison is between the answers given following those exercises
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Figure 4: (Q1) Ahead of the air traffic and able to predict traffic evolution? (PC)
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With a level of equipage of 50, there is a clear tendency for the Tactical Controllers of being
more often surprised by a non expected aircraft (question 3) when the level of traffic is at
140. Actually, all of the Tactical Controllers’ replies for the level 120 are either “never” (3/6) or
“rarely”(3/6). This tendency can be observed, but with less strength, with a level of equipage of
75% and 95%. Again the tendency of being more often surprise by a non expected aircraft
when the traffic level is at 140, is also detectable among the Planning Controllers.

Regarding the feeling of concentrating too much on a single problem or area of the sector
(question 4) there is not much effect of the level of traffic. There is usually no answer above
“sometimes”. Nevertheless, with a level of equipage of 75%, one Tactical Controller declared
“Always” concentrating too much on a problem or area of the sector and one Planning Controller
answered “Often”: in both cases the traffic level was at 140.

With a level of equipage of 50% there is a tendency for the Tactical Controllers to have
forgotten to transfer aircraft (question 5) more often when the traffic level was at 140. This
tendency is stronger when the level of equipage is at 50%. There is no notable effect of the
level of traffic on the answers of the Planning Controllers with a level of equipage of 50% or 95%.
With a level of equipage of 75%, there is a trend for the Planning Controllers to have forgotten to
transfer more often with a traffic level at 140.

No effect again of the traffic level on the difficulty felt in finding an item of information (question 6).
Tactical Controllers had tendency to have more difficulties finding an item of information
when traffic level is 140 and the equipage at 50%, but note there is no ratings above the
medium “Sometimes”.
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In general, Controllers found that the FLIPCY did not often provide useful information
(question 7). When the level of equipage is at 95%, a tendency can be observed, in the case of
the Planning Controllers, to find FLIPCY information more often useful (only “Sometimes”
though) when the level of traffic is at 120. This could be explained by more information available
with a huge majority of equipped aircraft combined with maybe more time to deal with FLICPY with
a lower level of traffic.

Neither the Planning Controllers nor the Tactical Controllers had the feeling of paying too
much attention to the functioning of FLIPCY (question 8). This is particularly true for the
Tactical Controllers with several of them not even answering the question that they understood as
being addressed exclusively to Planning Controllers. The only ratings indicating that a Controller
was “Often” paying too much attention to the functioning of the FLIPCY is from a Planning
Controller after an exercise at level 120 with an level of equipage of 95%.

Question nine was intended to find out if the Controllers had the feeling that FLIPCY was
providing them with a better understanding of the situation. Once again the Tactical
Controllers don’t feel concerned by the question, as FLIPCY is not a tool to be directly used by
them. The pattern of answers for the them (TCs) is the same than for question 8, FLIPCY is
“never” or “rarely” providing them with a better understanding of the situation. There is not much
difference between the two levels of traffic for the Planning Controllers, their ratings are
slightly more positive than the ones of the Tactical Controllers. One Planning Controller found
the FLIPCY “often” provided him with a better understanding of the situation, this answer is made
after an exercise at level 140 with a level of equipage of 75%. (But with a level of equipage of 95%
there is absolutely no differences according to the level of traffic).

The question about the usefulness of the information provided by the PPD (question 10)
receives more positive answers than the similar question for FLIPCY. Planning Controllers
more often perceived PPD information useful than Tactical Controllers. There is a slight
tendency to be felt more often useful by Planning Controllers when the traffic level is 140 with the
lower levels of equipment 50 and 75%. But with a level of equipment of 95% a big majority of the
Planning Controllers’ answers (5 out of 6) is “rarely”. This might be due to a higher level of
workload for the Planning Controllers when almost all the aircraft are equipped, the information
provided by the PPD being of lesser importance.

Tactical Controllers do not have the feeling of often paying too much attention to the
functioning of the PPD (question 11). With the traffic level 140 there is more “Never” answers
and with the traffic level 120 there is more “Rarely” answers. An explanation could be that with
the higher level of traffic the Tactical Controllers have less time to spare on the functioning of the
PPD. Planning Controllers are more often paying too much attention to the functioning of
the PPD when the level of traffic is at 140. Like for previous question this trend seems to be
inverted when the level of equipage reaches 95%. The hypothesis can be made that with a
combination of high traffic and high level of equipage the Planning Controllers have simply less
attention to spare on additional information (and certainly on the functioning of tools).

There is no major effect of the level of traffic on the feeling the Tactical Controllers had that
PPD provided them with a better understanding of the situation (question 12). For the
Planning Controllers, with a level of equipage of 95%, ratings show that they felt the PPD provided
them with a better understanding of the situation when the traffic level is at 120. This could
reinforce the hypothesis made at the previous paragraph and be linked to less attention to spare
during the exercises combining high traffic and high proportion of equipped aircraft.
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Finally, Tactical and Planning Controllers all reckon they had an overall Good situation
awareness (question 13) with all the answer between “Okay” and “Very Good”. With a lower
level of equipage (50%) there is a common trend of experiencing a better situation
awareness when the level of traffic is at 120.  For the Tactical Controllers this trend remains
with a level of equipage of 75% but is inverted with a level of equipage of 95%. For the Planning
Controllers, there is an inversion of the trend as early as level 75% of equipment. A possible
explanation could be the following. With a higher level of traffic, the Controllers, and in particular
the Planning Controllers have less spare resources and are more "at ease" with a more systematic
working method which is only made possible with a more uniform traffic. In the case of the DOVE-1
simulation this uniformity would be related to the proportion of equipped aircraft: the higher the
level of equipage, the higher the uniformity.

Table 1:  Effect of level of traffic on perceived overall Situation Awareness

120 140

TC >
with 50 %DL

PC >
TC >

With 75%DL
PC <
TC <

with 95%DL
PC <

c) Organisation A: Level of equipage

To perform the analysis of any possible effect of the three levels of equipage (50%, 75% and 95%)
two sets of comparison have been made. The level of traffic defined these two sets. To isolate
possible effect of the level of datalink equipage, these levels of Traffic had to remain constant
within each set.

Comparisons between exercises15 performed with a level of equipage of 50% and exercises with a
level of equipage of 75% and then with another level of equipage of 95% have been made at a
level of Traffic of 120 (3 exercises 120A50 compared with 3 exercises 120A75 and with 3
exercises 120A95), then at a Traffic level of 140 (3 exercises 140A50 compared with 3 exercises
140A75 and with 3 exercises 140A95).

A first trend that emerges from these comparisons is that the level of equipage seems to
have more impact on the Planning Controllers than on the Tactical Controllers. This trend
appears often more clearly when the level of traffic is at 140.

With a level of traffic of 120, there is no significant effect of the level of equipage on
either the responses of the Tactical Controllers or of the Planning Controllers to the
question 1: Did you have the feeling that you were ahead of the traffic, able to predict
its evolution? All the ratings are spread between “Often “ and “Always”. With a level of
traffic at 140, the answers are, for once, more grouped for the Planning Controllers than for
the Tactical Controllers. For the Planning Controllers all answers are between “Sometime”
and “Always”. There is a slight tendency of feeling more often “ahead and able to
predict” when the equipage is 95% combined with a slight trend of feeling less often
“ahead and able to predict” when the equipage is at 50%.

                                                
15 Actually the comparison is between the answers given following those exercises
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Same tendency for the Tactical Controllers with all the answers for level 95% being “Often” (2) or
“Always” (4) “ahead and able to predict” when the majority of the answers for level 50% (5 out of 6)
are “Rarely” or “Sometimes”.

For the Tactical Controllers there is no effect of the level of equipment on their feeling of
being able to plan and organise their own work (question 2) when the traffic level is at 120.
For the Planning Controllers, with this level of traffic, there is a slight trend of feeling less often able
to plan and organise their work with level of equipage 50%. With a traffic level at 140, and as for
the first question, there is a trend in both groups, Planning Controllers and Tactical Controllers
to feel more often able to organise their own work and plan when the equipage level is at
95%: all the answers being “Often” or “Always”.

Regarding the fact of being surprised by a non expected aircraft (question 3) and again with
a level of traffic of 140, the trend is in favour, for both populations, of the higher level of
equipage. At 50% DL equipped aircraft, 4 out of 6 Tactical Controllers and 3 out of 6 Planning
Controllers, declared having being surprised by an aircraft “Sometimes” or even “Often”. In a same
time, for the level of equipment 95%, 5 out of 6 Tactical Controllers declared they never or rarely
been surprised by a non-expected aircraft. 3 Planning Controllers answered “Never” at 95%
equipage but none when the level is down at 50%. Those results tend to confirm the hypothesis
already expressed that Controllers might have a better situation awareness (and/or more
resources to dedicate to the maintenance of the picture) when the traffic is more uniform. Figure 6
shows the same trend for the Tactical Controllers with a traffic level of 120.

Figure 6: (Q3) Surprised by an aircraft that they were not expecting? (TC)
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Regarding the feeling of concentrating too much on a single problem or area of the sector
(question 4), at a level of traffic of 120, there are not many differences according to the level of
equipment. It should nevertheless be noted that for the level of equipage 50% there is no answer
“Never”. The only answer indicating that a Planning Controller was often concentrating too much
on a problem or area was given when equipage level was at 50%.
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When the traffic level is at 140, there are no difference in the distribution of the Planning
Controllers’ answers for the levels 50 and 75% of equipage (answers spread between never
and often with a max of 2 answers per level and rating). For the level of equipage 95% there is a
massive answer, 5 out of 6, indicating that the Planning Controllers were “Rarely”
concentrating too much on one problem or area. In addition there are no answers “often” at
95% equipage, one for each other levels.

With a traffic level of 120, there is no noticeable effect of the level of equipage level on the
frequency of having forgotten to transfer aircraft (question 5). The majority of the answers are
“Never” or “Rarely”. With a traffic level at 140 and apart from a Tactical Controller declaring having
“Often” forgotten to transfer an aircraft when the level of equipage has been 95%, there is a trend
of less forgetting to transfer with the higher levels of equipage.

Controllers, Tactical or Planning, felt, whatever the level of traffic, that they had less often
difficulties in finding an item of static information (question 6) when the level of equipage is
higher. The absence of comments does not allow for a deeper analysis of these results.

As noted earlier, Tactical Controllers did not feel concerned by FLIPCY and there are several
no responses to the question on the usefulness of the information provided by this tool
(question 7). There seems to be no effect of the level of equipage on their answers. For the
Planning Controllers, there is a tendency of finding FLIPCY information more useful (but still
only “Sometimes”) when the level of equipage is of 95% rather than of 50%.

Neither the Planning Controllers nor the Tactical Controllers had the feeling of paying too
much attention to the functioning of FLIPCY (question 8). Again there is several no responses
from the Tactical Controllers. For the Planning Controllers there is no noticeable effect of the level
of equipage although there is maybe a slight trend of paying more often too much attention to the
functioning of FLIPCY when the level of equipage is high.

There is no significant effect of the level of traffic on the feeling the Tactical Controllers had that
FLIPCY provided them with a better understanding of the situation (question 9). Like for other
questions on FLICPY there are actually several no-responses. For the Planning Controllers,
both at traffic level 120 and 140, there is a big majority (5 out of 6) of ratings indicating that
FLIPCY rarely provided them with a better understanding of the situation when the level of
equipage is 50%. The answers for the two other levels of equipage, despite some “Never”, tend to
be more positive with even a reply that FLIPCY often provided a better understanding of the
situation after an exercise with a level of equipage of 75%.

Regarding the usefulness of the information provided by the PPD (question 10) there is a
slight tendency for both Tactical and Planning Controllers to think it has been more often
useful when the level of equipage is 95% at a traffic level of 120. With a traffic level of 140
the tendency is inverted in the case of the Planning Controllers with a massive (5 out of 6)
answer that the PPD rarely provided useful information when the level of equipage is 95%. One
possible explanation would be that with a large proportion of Datalink aircraft and a high traffic load
the Planing Controllers had less resource to dedicate to the PPD information.

There is no noticeable effect of the level of equipage on the reply to the question 11 “Were
you paying too much attention to the functioning of the PPD?” Nevertheless it should be
noted that in the case of the Planning Controllers the three answers “Always” (1 at traffic level 120
and 2 at traffic level 140) do only concern the lower levels of equipage with 2 ratings whit 50%
equipped aircraft and 1 rating with 75% equipped aircraft.
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There is a slight tendency to have the feeling that PPD provided the Controllers with a
better understanding of the situation (question 12) with the higher levels of equipage. This
tendency might be clearer with a traffic level at 140. A big majority of the answers at 50% of
equipage (4 out of 6) claim that the PPD never provided the Tactical Controllers with a better
understanding of the situation. For the PCs, the majority of answers for the level 50% are at
“Rarely” (4 out of 6).

Finally, a possible effect of the level of equipage on the overall Situation Awareness
(question 13) can be observed when the traffic level is at 140. For both tactical and Planning
Controllers there is a trend of having experienced a better overall situation awareness when
the level of equipage was higher.

Table 2 :  Effect of level of equipage on perceived overall Situation Awareness

effect of level of equipage 50 75 95

PC = =with 120 %DL

TC = =
PC < <With 140%DL

TC < <

d) Organisations B and C

To analyse a possible effect of the organisations on the perceived situation awareness of the
controllers the following comparison was made: the 3 exercises of the organisation A with a traffic
level of 140 and a level of equipage of 95% compared with the 3 exercises of the Organisation B
and the 3 exercises of the Organisation C.

Specific limitation: In addition to the limitations already mentioned it should be noted that even if
only three exercises from the Organisation A are taken into account much more exercises have
been performed with this Organisation (at different traffic and equipage levels) than with each of
the two other Organisations B and C. Some of the replies for Organisation A might well have been
influenced by a higher level of familiarity with this Organisation. In the same way, a feeling of
novelty might have influenced some of the replies for Organisation B and Organisation C.

Tactical Controllers seem to have felt more often ahead of the traffic and able to predict its
evolution (question 1) with the Organisation A while there is not much differences between
Organisation B and Organisation C. In the case of the Planner Controller, strangely enough, the
trend would be rather in favour of the organisation C. But this has to be considered with caution
as one of the comment associated with a high rating is “With the Turbulence in the exercise it is
impossible to predict”

Regarding the ability to plan and organise their own work (question 2), the Tactical Controllers
seemed more often satisfied with the Organisation A. Organisation B would then be rated
slightly higher than Organisation C. For the Planner Controllers, the trend is to have been less
often able to plan and organise their work with the Organisation C. This later trend confirms
the need to treat with caution the replies made to the first question.

There is no noticeable effect of the Organisation on the feeling of having being surprised by
an aircraft that the Controllers were not expecting (question 3).
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Tactical and Planning Controllers had the feeling of concentrating too much on a problem
or area of the sector (question 4) more often when the Organisation C was played. It can be
hypothesised that the Controllers were focusing on the area of Turbulence (but no comments
confirm this). For the Organisation A, the majority of the replies (5 out of 6 for the Planning
Controllers and 4 out of 6 for the Tactical Controllers) indicates that the Controllers were rarely
concentrating too much on one problem or are of the sector. Here the fact that the Controllers were
more used to Organisation A for having experienced more exercises at different levels of traffic
and / or equipage might have influenced the results.

For the Planning Controller, there is no effect of the Organisation on the fact of having
forgotten to transfer aircraft (question 5). For the Tactical Controllers there might be a slight
tendency of having forgotten more often with the Organisation C. Nevertheless the only answer
indicating that a Tactical Controller often forgot to transfer is made after an exercise of
Organisation A.

Again for the Planning Controllers there is no major effect of the Organisation on the
difficulty felt in finding an item of static information (question 6). For the Tactical Controllers,
there is a slight tendnecy of having had less often (actually never) difficulties with the
Organisation A and B and slightly more often with the Organisation C. All the answers for
Organisation B are either “Never” or “Rarely”, all the answers for Organisation A and C are spread
between “Never” and “Sometimes” with a big majority (4 out of 6) of “Never” with the
Organisation A.

The following three questions on FLIPCY do not apply to the Organisation B where this tool
was not implemented. As previously noted the number of no-responses from the Tactical
Controllers is quite important.

For the Planning Controller, there is a trend of thinking that FLIPCY provided useful
information (question 7) more often when the turbulence were displayed in Organisation C.
There is no effect of the Organisation tough on the feeling of often paying too much attention to the
FLIPCY information (question 8). No major effect either for the question 9 addressing the feeling
that this toll provided the Controllers with a better understanding of the situation.

There is a little tendency, among the Tactical Controllers to have found PPD information less
often useful (question 10) with the Organisation C with 4 answers out of 6 being either “Never” or
“Rarely”. At the same time the only answer that PPD always provided a Tactical Controller with
useful information was made following an exercise of the Organisation A. In the case of the
Planning Controllers the answers are globally less positive and a big majority (5 out of 6) of the
ratings for the Organisation A is “Rarely”.

There is little effect of the Organisation on the feeling the Controllers had of paying too
much attention to the functioning of the PPD. In the case of the Tactical Controllers all the reply
for Organisation A and Organisation C are either “Never” or “Rarely”. For the Organisation B there
is one answer indicating that the Tactical Controller had the feeling of often paying too much
attention to the functioning of the PPD. In the case of the Planning Controllers there is no
differences between the ratings of Organisation A and those of Organisation B. For Organisation C
two Planning Controllers declared having paid often too much attention to the functioning of the
PPD but on the other hand three of them declared never having paid too much attention to it for the
same Organisation.

Tactical Controllers more often found that the PPD provided them with a better
understanding of the situation (question 12) than Planning Controllers. For both population
there is no answer “Never” for the Organisation A and for the Tactical Controllers, the only
rating indicating that PPD always provided a better understanding of the situation was made
following an exercise of this Organisation A.
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Finally, the overall situation awareness (question 13) tends to have been perceived as better
with Organisation A in the case of the Tactical Controllers. For the Planning Controllers
there are no differences between the ratings of Organisation A and Organisation B. Organisation
C seems to have provided a lower level of overall situation awareness (See figure 7).

Figure 7: (Q13) PC's overall situational awareness
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3.2.2. SASHA_L

SASHA_L, or actually an “over-the-shoulder” version of the method, has been tested during only
three exercises. Two of those exercises were with the Organisation C and only one combination of
Traffic level versus proportion of Datalink equipment has been observed for the Organisation A.

It is therefore meaningless to perform a proper analysis of the results.

The DOVE SME asked 7 to 9 questions per exercises. Most of the time the Controllers answers
are rated as “Correct” as well as the time taken to answer.

The DOVE SME, when asking a question had to evaluate the operational importance of the query
itself. It is interesting to see that when the operational importance of the query is at its highest the
Controllers answers are always correct. When the query a less important, there is few less
accurate answers.

The only incorrect answer was given during an exercise of the Organisation C and was
concerning the route followed by an aircraft after a FLIPCY check.
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4. EVALUATION OF THE SHAPE MEASURES

4.1. TEAM WORK

4.1.1. The Team Process Frequency (TPF) measure

As mentioned earlier, the SHAPE measures were applied for the first time (since the end of their
design process) to a Real Time Simulation.

In addition to the data collected in strict relation with DOVE-1 hypothesis, a lot has been learned on
the measures themselves.

The Team Process Frequency recording form has been extensively discussed with one of the
DOVE SMEs. DOVE-1 Human Factors Specialist also attempted during several runs to fill in the
grid. The necessity of a high level of familiarity with both ATC practice and the Team Processes
has been underlined.

The differentiation between the 16 Team Behaviours was not always easy to understand and some
of those were not judged as totally appropriate in a Real Time Simulation context. It is the case of
the Team Behaviours corresponding to the Workload Management Process and to the Authority,
i.e.:

•  “Re-distributing task when high workload”
•  “Taking control of task requiring immediate actions”
•  “Giving directions during emergencies”
•  And, to a lesser extend , “Mutually prioritising tasks”

Those Team Behaviours are reckoned to occur in real life but far more rarely in the context of a
Simulation where the feeling of emergency (or even High workload) is rare.

For almost opposite reasons, the usefulness of the Team Behaviour “Planning sent/updated” has
been challenged. According to the Operational Expert there would be too many observed
instances of this behaviour in comparison with the other behaviours listed. ”Sending/updating the
plan is more than the main part of the job, you would end up ticking only this (category) all the
time!”

Some examples, like in the case of the Team Process Quality rating method, could help a better
understanding of what is meant by each of the proposed Team Behaviour. Some modifications of
the methods are proposed in Chapter 6 Recommendations.

Some examples, like in the case of the Team Process Quality rating method, could help a better
understanding of what is meant by each of the proposed Team Behaviour. Some modifications of
the methods are proposed in Chapter 6 Recommendations.

Finally, the instructions provided with the TPF Recording form indicate the possibility, for any
observed behaviour to indicate its nature by ticking one or more of the team activities listed in the
left-hand column. The Human Factors Specialists who tried the method have found this possibility
slightly confusing (even if it did not cause any problem to the DOVE SMEs)
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4.1.2. The Team Process Quality measure

The Team Process Quality rating form (as well as the Team Frequency Recording form) was
designed to be use by Subject Matter expert i.e. experienced controllers.

The restricted availability already mentioned in chapter 2 (implementation and limitations) limited
not only the amount of data collected but also the time available for the practical training16.

With little practical training, the main difficulty was to persuade the DOVE SMEs that they were not
judging the participant controllers. There is indeed a strong feeling in the ATCO community that
judging another controller (beside any training situation of course) is simply NOT a thing to do. The
Team Process Quality rating form format and wording does not insist enough on the fact that it is
the system that is evaluated.

In accordance with the previous comments, it should be noted that the rating are usually high
(GOOD or VERY GOOD) even if some comments reveal a performance that might have been
rated more severely by a non controller.
The other main difficulty was to have the DOVE SME writing comments. Actually, in the case of
one SME, and despite repeated invitation, there are very few comments (sometimes no comments
at all).
Both DOVE SMEs commented that the Quality recording form was easy to use but that they
sometimes had a tendency to focus too much on some examples taking the risk to underestimate
other Team Behaviours. It is reasonable to think that a major part of this problem is related to the
lack of practical training.

More importantly, the DOVE SMEs had the feeling that “something was missing” and that some
important component of Controllers teamwork were not (or not enough) taken into account. Those
behaviours were “taking the lead on the sector”; the body language and the non- work related
exchanges. The DOVE SMEs underlined that those non-work related exchanges were only
mentioned as negative points when they can sometimes, according to the circumstances, be an
indication of mutual support and good communication among the team.

Finally, they thought it might have been interesting to find a way to record the evolution of the
“performance” of the team according to the evolution of the situation. Both DOVE SMEs reckoned
that this would probably make the observation more complex.

4.1.3. Implementation of the two Team Work observation methods

Both the Team Process Frequency recording and the Team Process Quality rating require the
observer to be a Subject Matter Expert. As in DOVE-1 RTS, it might be difficult to have enough
SMEs to perform both measures. Furthermore, according to the setting of the experimental room,
the physical space may be limited.

DOVE SMEs were asked if, according to their own experience it could be envisaged to have a
single SME performing the two measures for a same exercise. Both DOVE SMEs thought that it
would not be possible and that concentrating on the occurrence of the Team Behaviours would
prevent them to form a more generic qualitative judgement. This feeling might have been
reinforced by the fact that the Team Processes are not presented in the same order on the two
forms.

                                                
16   A set of 4 to 6 exercises is recommended in the SHAPE report.
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4.2. SITUATION AWARENESS

4.2.1. The SASHA_Q measure

SAHA_Q is a closed questionnaire, actually composed of several rating scales. To obtain more
significant result it would have been preferable to be able to play more exercises for each of the
variables set (traffic Level + Organisation + level of Datalink equipage). With three exercises for
each set there is no possibility of statistic treatment and the results are most of the time non-
significant.

The method would have benefited from a more extensive introduction to the Controllers. Examples
could be integrated within this introduction to the questionnaire.

The wording of some questions, despite the care taken during the design phase, might be re
evaluated. For example it was a little bit concerning to see that for the first question: “Did you have
the feeling that you were ahead of the traffic, able to predict the evolution of the traffic?” some
controllers (mainly with the Organisation C) rated Often or Always but commented that there were
not able to predict the evolution (because of the Turbulence).

Very few comments have been written in the dedicated spaces. It might be interesting to
investigate ways to trigger more comments. This would be of particular importance for the question
4 “Did you have the feeling of starting to focus too much on a single problem and / or area of the
sector?” and for the question 6 “Did you have any difficulty finding an item of static information?”

Finally, the generic profile of ratings indicates that there were no problems in understanding the
positive or negative orientation of the questions. It has been useful to avoid any tendency of
systematic ratings in a single part of the scales.

4.2.2. The SASHA_L measure

Again, it is difficult to evaluate this measure according to the limited number of exercises
(reminder: only 3 exercises).

More importantly, it was not possible, for technical reasons to properly implement SASHA_L. The
SME should actually have been provided with a replica of the controller’s screen in a separate
room.

The DOVE SME doubted the feasibility of the measure with the replica. For him, the information on
the screen and on the radio are not sufficient to evaluate when to ask a question and minimise
disturbance. “The body language indicating tension is essential to know when to ask or not a
question”. But then it has to be taken into account that the physical presence of the SME, literally
looking over the shoulders of the Controller is probably in itself a disturbance.On the other hand, it
could be argued that controllers are used to being surrounded by other people.

Finally, the indicated rhythm of one question every 5 minutes seems to be an absolute maximum
particularly whit busy sectors.
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5. CONCLUSIONS

1) The DOVE Real Time Simulation provided a unique opportunity to try four methods
developed in the framework of the SHAPE phase 1 project. Important lessons have
been learned and directions of evolution have been revealed.

2) Regarding the results, it must be reminded that the combination of the restricted
availability of the DOVE SMEs and of the important number of variables does not
allow drawing conclusive results from this simulation.

3) Nevertheless some trends appeared and could constitute a basis of investigation for
future simulations:

The levels of traffic (120 vs 140) had more influence on the Tactical Controllers.

The levels of datalink equipage (50% vs 75% vs 95%) seem to have had more
influence on the Planning Controllers.

The Tactical Controllers appeared to have enjoyed a better overall situation
awareness and to have more often benefited from the use of the tools when the
traffic level was at 120.

The Planning Controllers appeared more at ease when the level of equipage was
at its highest i. e. 95%.

The combination of a high level of traffic (140) and a low percentage of datalink
equipped aircraft (50%) appears to have had a noticeable impact on the teamwork.

More verbal communications were observed with a low proportion of Datalink
aircraft. These communications were more often prompting and the trend was
increased when the traffic level was High.

With the DOVE-1 environment, Controllers felt they experienced, in all cases, good
levels of situation awareness with all the ratings of the SASHA_Q scale between
“Okay” and “Very Good”.

Generally, Controllers did not have the feeling that FLIPCY, as implemented in
DOVE-1 RTS, often provided them with useful information or a better understanding
of the situation.

The trend is more positive regarding the PPD. The fact that lots of the negative
ratings of the PPD were motivated by an HMI that was not judged optimum
reinforces this tendency.

Planning Controllers enjoyed a lower level of overall Situation Awareness with
the Organisation C.
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6. RECOMMENDATIONS

6.1. TRAINING

The first recommendation regarding the use of the SHAPE phase 1 measure is to increase the
time and effort dedicated to the training of the Observers.

For the teamwork measures, and as suggested, the training would benefit from the systematic use
of video film. These film would be used to show example Team Behaviour and interaction and the
appropriate rating or recording.

The time to be allocated to the practical training should not be underestimated. As recommended
in the SHAPE report (ref. 1) a minimum of four exercises should be observed as part of this
practical training.

Extra time and attention should also be dedicated to the introduction of the SASHA Questionnaire
to the controllers. This is even of higher importance with controllers who are not native English
speakers as they might find it more difficult to express their opinion in a foreign language.

6.2. IMPLEMENTATION OF THE MEASURES

The Team Process Frequency recording as well as the Team Process Quality rating and
the SASHA on Line should be performed by experienced controllers referred to as SMEs.
The difficulties encountered by the QinetiQ Observer as well as by the DOVE-1 Human
Factors. Specialist when performing Team Process Frequency recordings confirm this
requirement.

As indicated by the DOVE SMEs it does not appear feasible to combine for a same
exercise and a single observer the two Teamwork observation methods.

In the future the availability of SMEs should be guaranteed for a longer period if not for the entire
simulation.

An alternative could possibly consist in the recording on video of the team of controllers. This
recording would have to be made with great care to avoid loosing elements as the body language
for example. In addition the time needed to perform ratings a posteriori should not be under-
evaluated. Actually the problem of the SMEs availability would just be postponed.

Regarding the SASHA Questionnaire, attention should be paid at the end of every exercise to the
correct marking of the questionnaires (i.e. indication of the complete reference of the exercise).
This should not be left to the Controllers as some mistakes have occurred during DOVE-1
(Controllers being Tactical Controllers during an exercise but marking their questionnaire as if they
were PC).
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6.3. POSSIBLE MODIFICATIONS OF THE FORMS AND QUESTIONNAIRES

As earlier mentioned DOVE-1 RTS gave the first opportunity, since the end of their design cycle, to
apply the SHAPE phase 1 measures. After this first trial it appears that some modifications to the
forms and questionnaire could benefit the measures.

Regarding the Team Process Frequency measure, the recording form could be simplified. Some
Team Behaviours, rarely observable in a simulation context (See paragraph 4.1.1) could be
regrouped under the higher level Team Processes. It is the case for example of the Team
Behaviours relating to the treatment of emergency situations.

Another possible evolution of the TPF would be to modify the nature of the data recorded itself:
instead of a simple log of a Team Behaviour occurrence it would be interesting to indicate as well
the instigator of this Behaviour. If it is the Planning Controller who is giving information the letter P
would be written in the corresponding cell of the recording form. A double entry table could also be
envisaged in order to specify the object of the interaction: was the PC prompting the TC in relation
to the Transfer of an aircraft?

Regarding the Team Process Quality measure, attention should be paid to the wording of the
introductory section and to the wording of the examples. The idea that it is actually the system that
is evaluated should be emphasised.

Some behaviour, such as non-work related exchanges and body language should be taken into
account and added to the list of examples given. Finally a way of indicating a possible evolution of
the Team performance according to the evolution of the situation should be investigated. A first
possibility could be to duplicate the rating tables for each Team Process. The ratings could for
example be attributed per period: beginning of the exercise, middle and end of the exercise. A
space could also be provided to the SME to note any possible event having modified the Team
performance.

The SASHA_Q questionnaire should be modified in order to incite the controllers to write down
more comments. Some questions could be added such as: “If you replied often or always why?” Or
“Which particular item of information?”

All the five levels of the rating scale should be clearly labelled (not only the two extremes).

Finally, the wording of the first question should be re considered in the light of some negative
comments associated with positive ratings (mainly with the Organisation C displaying the
Turbulence information).

6.4. EXPERIMENTAL PLAN

DOVE-1 RTS is characterised by an important number of variables associated with a limited
number of measured exercises. As a consequence each specific set of variables has been ran only
three times. This fact lowers the value of any statistical treatment of the data.

Possible evolutions for the future simulations would be either to reduce the number of variable
either increasing the number of measured exercises. The two approaches could also be combined.

If none of these options is chosen, it is then recommended to concentrate on qualitative measures
and to reduce the number of post exercise questionnaires in favour of debriefings and face-to-face
interviews.
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ANNEX A:  TEAM QUALITY RATING FORM

GENERAL INSTRUCTIONS

This protocol is designed to provide a measure of how well team members communicated and
collaborated in carrying out ATM tasks on scenario exercises. The protocol requires you to provide
judgements on how well the individuals, carrying out ATM exercises performed as a team.

The protocol requires you to rate a number of team activities, based on your observations of the
team at work. You are thus required to rate the team on the basis of what you saw and heard them
do. The rating you give must thus be based on what you observed happen during the ATM
exercise: it is not a rating of well you think the team might perform on another occasion, or in future
or on ATM team tasks in general.

You are being asked to assess TEAM activities not individual activities and this is very important. It
is vital to keep this continually in mind because some ATM functions have both an individual and
team aspect. For example, individuals can be concerned with situation assessment and planning
as part of their jobs but we are not concerned to assess individual situation assessment or
planning. The concern here is with, for example, assessing the quality of team situation
assessment (where more than one individual is actively concerned with a mutual assessment of
the situation).

The protocol requires you to provide a rating for eight team processes identified as being important
in ATM.

These are:

•  INFORMATION EXCHANGE
•  COMMUNICATION PROCEDURES
•  SITUATION AND ENVIRONMENTAL AWARENESS
•  PROCEDURAL INTERACTION
•  MUTUAL SUPPORT
•  AUTHORITY/ASSERTIVENESS
•  PLANNING
•  WORKLOAD MANAGEMENT

The protocol contains material to assist you in assessing these team processes (a page per team
process). Each process is defined and this is followed by a description of what you might expect to
observe if the process is carried out well (e.g. good information exchange) or poorly (e.g. poor
information exchange). You are also provided with a list of questions to consider concerning each
team process when arriving at a rating of the team process for the task you have observed being
performed. Please read this material before you decide on the rating you give and then record it in
the box at the bottom of each page. Give one rating for each team process.

The assessment requires you to rate each team process separately as either VERY GOOD,
GOOD, JUST ADEQUATE, POOR or VERY POOR. Please don’t be afraid to use the VERY
GOOD and VERY POOR categories if you think they apply. Many people using rating forms tend
to avoid using categories such as ‘very poor’ or ‘very good’ (people don’t like appearing to be too
judgmental) but this reduces the value of the measurement procedure.

A Comments box is also provided. You can use this as you wish. For example, you can comment
on the confidence you have in the rating you gave. You can comment on what you observed, for
example, ‘took rather too much time assessing situations’.
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TEAM PROCESS 1:  INFORMATION EXCHANGE

Definition

Seeking and passing information to all relevant team members at appropriate times in relation to
their task needs.

Good information exchange

Members tried to ensure that important information was made available to all who would need it.
Members were concerned to pass information that was relevant to current and future tasks. Team
members were alerted to important information without delay. Information exchange was
appropriate and selective, showing a good understanding of the needs of other team members.
Team members actively requested information and were precise in their requests. Requests for
information were dealt with quickly and competently.

Poor information exchange

Members showed little active concern to exchange information or to exchange it in a mutually
helpful manner. Members frequently failed to pass important information, sent it too late or sent
information to inappropriate members of the team. Information exchange was often trivial, with little
real relevance to ongoing activities. Members sometimes showed poor judgement, sending too
much information at the wrong time, rather than selecting significant information. Team members
failed to request information when it would have been appropriate. Members failed to respond to
requests or responded with too little too late.

Questions to consider:

Was information made available without prompting to members of the team who needed it to carry
out their tasks? 
Was information made available at an appropriate time?
Was information relevant to current goals and tasks?
Was the information complete?
Was the information provided to the point and non-trivial?
Was information made available when recipients were in a good position to receive it?
Did team members request information when this was needed?
Did team members provide relevant information quickly when requested?

Please rate the team’s information exchange by placing a tick in the box below the rating
you consider appropriate

VERY POOR POOR JUST ADEQUATE GOOD VERY GOOD

COMMENTS
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TEAM PROCESS 2:  COMMUNICATION PROCEDURES

Definition
The process by which information is clearly and accurately exchanged between two or more team
members in the prescribed manner and with proper terminology; the ability to clarify or
acknowledge the receipt of information.

Good communication
Team members passed information as required and passed information only when necessary.
Messages were concise, used standard terminology and followed standard procedures. Every
effort was made to ensure that messages were received as intended and fully understood. Team
members acknowledged information. Members were sensitive to others, keeping messages brief
and timing messages so as not to distract or increase the load of others.

Poor communication
Team members failed to convey information at appropriate times. Messages were incomplete or
clumsily phrased and failed to show sensitivity to the requirements and situation of recipients. Too
few or too many messages were sent. There was a failure to use standard terminology. Little effort
was made to ensure that recipients understood messages. Recipients rarely bothered to clarify
imprecise or ambiguous messages. Messages were rarely acknowledged correctly. There was too
much irrelevant chatter.

Questions to consider:
Was information transmitted clearly, precisely and with authority?
Was information transmitted concisely?
Was standard terminology used where appropriate?
Were standard communication procedures followed?
Were communications properly established, maintained and terminated?
Were communications limited to those which were necessary?
Were efforts made to ensure that important information was understood and received as intended?
Were efforts made to clarify information where it was unclear or ambiguous?
Did team members try to ensure that communications did not distract colleagues carrying out
important or difficult tasks?

Please rate the team’s communication procedures by placing a tick in the box below the rating you
consider appropriate:

VERY POOR POOR JUST ADEQUATE GOOD VERY GOOD

COMMENTS
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TEAM PROCESS 3:  SITUATION/ENVIRONMENTAL AWARENESS

Definition
Mutually developing a common compatible understanding of the current and future environmental
situation.

Good situation/environmental awareness
Team members monitored the environment together, alerted each other to new events, and acted
in concert to identify potential problems before they could escalate. Members actively discussed,
reviewed and updated their perceptions of the operational situation, either routinely or in response
to evolving environmental events. Where, helpful, information was actively collected from other
members or external sources. Team members kept each other informed on their own and others’
recent actions, plans and decisions and alerted each other where necessary to time constraints
and critical deadlines.

Poor situation/environmental awareness
Members seemed unconcerned and unprepared to mutually share and update their perceptions
concerning the operational environment. Team members rarely actively discussed the
environmental situation. Individuals worked in relative isolation, rarely alerting each other to new
events in the environment and rarely discussing the implications of these and a possible mutual
response. They did not normally update fellow team members concerning personal actions taken,
system inputs, decisions made or future plans. Team members rarely spoke to each other
concerning impending deadlines or time constraints.

Questions:
Did the team mutually monitor the external situation?
Did team members between them collect information from all available sources?
Did team members mutually update their view of the current and future situation?
Did team members discuss the common picture and identify potential problems?
Did team members update each other on the current status and success of their activities?
Did team members alert each other to new external events?
Were relevant team members alerted concerning important actions taken?
Did team members alert each other to time constraints?
Did team members alert each other concerning critical deadlines?

Please rate team situation/environmental awareness by placing a tick in the box below the
rating you consider appropriate:

VERY POOR POOR JUST ADEQUATE GOOD VERY GOOD

COMMENTS
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TEAM PROCESS 4: TEAM PROCEDURAL INTERACTION

Definition
The organisation and synchronisation of team activities and interactions in the timely completion of
laid down procedures.

Good team procedural interaction
The team showed concern with facilitating each other operational performance. Team members
mutually followed standard procedures, ensuring that tasks were carried out as and when
expected. Members showed good co-ordination in carrying out operating procedures, being
prepared to adjust their actions or the timing of actions in a fashion supportive of other members of
the team. Team members showed mutual awareness by ensuring that tasks were completed to
time, and by ensuring that their actions would be in line with the expectations and requirements of
other members. Every effort was made not to hinder or delay the activities of other team members.
Team members alerted each other whenever they needed to depart in any way from standard
procedures.

Poor team procedural interaction
Individuals carried out procedures with very little visible reference to other members of the team
and their operational needs. Team members appeared to act in isolation when carrying out
procedures. Members often showed poor co-ordination, rarely adjusting their actions or the timing
and synchronisation of actions to meet the operational requirements of colleagues. Team members
ignored or showed little apparent concern with the expectations of others concerning the timing of
activities, the amount of time taken or the standard required. Members departed from standard
procedures and did not tell other team members that they intended to do so or had done so.

Questions:
Did team members complete actions together, following standard procedures?
Did the team carry out tasks together as expected, when expected, in a predictable fashion?
Did team members carry out tasks at an appropriate time and without delays so as not to hinder or
delay each other?
Did team members mutually ensure that tasks were completed within time constraints?
Did team members, where necessary, adjust the timing of their activities to ensure good
coordination?
Did team members alert each other to any intended actions that did not follow standard
procedures?

Please rate team procedural interaction below by placing a tick in the box below the rating
you consider appropriate:

VERY POOR POOR JUST ADEQUATE GOOD VERY GOOD

COMMENTS
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TEAM PROCESS 5:  MUTUAL SUPPORT

Definition
Monitoring the performance of team members, providing constructive advice, giving and receiving
feedback. Providing assistance to other team members who need it.

Good mutual support
Team members helped each other. Team members monitored each others’ activities and workload
and showed awareness of the personal situation of other team members such as their fatigue level
and whether or not they were coping with stressful situations. Team members were prepared to
offer help or give help to other members experiencing problems or carrying out difficult tasks.
Equally, team members asked for assistance where necessary. Team members detected each
others’ mistakes and tactfully pointed these out, being prepared to help correct them if required.
Team members were ease with each other, being prepared to ask for advice and feedback and to
provide it, or to prompt each other that an action was required.

Poor mutual support
Team members paid little attention to each others workload and made little or no allowance for the
fatigue levels or stress being experienced by other team members. Little or no effort was made to
provide assistance to team members experiencing problems or coping with difficult tasks and
situations. Help was rarely or never offered or provided, and there were few if any requests for
assistance or advice. Team members did not point out each other’s mistakes and if mistakes were
made, left them to be corrected by the person responsible. Team members did not provide each
other with helpful feedback where this might be useful in future.

Questions
Did team members observe and keep track of each other’s performance?
Did members monitor and listen attentively to the communications of other team members?
Were team members aware of the current situation of other members of the team (e.g. their
workload, stress level or level of fatigue)?
Did team members prompt colleagues to act, or provide guidance or constructive advice?
Did team members tactfully alert other members to mistakes, suggest that they check for mistakes
or help to correct them?
Did team members help others having problems whilst completing their own duties?
Did team members provide help with difficult tasks, being prepared to provide assistance even
when not asked?
Did team members ask for assistance when necessary?
Did team members show willingness to receive and value inputs from others?
Did team members give and receive feedback concerning their performance?

Please rate team mutual support by placing a tick in the box below the rating you consider
appropriate:

VERY POOR POOR JUST ADEQUATE GOOD VERY GOOD

COMMENTS
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TEAM PROCESS 6:  MEMBER AUTHORITY/ASSERTIVENESS

Definition
The ability of team members to assess requirements and team performance, identify problems,
propose actions and take decisive action if required.

Good team member authority/assertiveness
Team members took control where potentially dangerous situations required, directly taking over
the roles and tasks of other team members. If the need arose, for example a team member was
temporarily unavailable, team members filled in for other members by carrying out their activities or
by mutually assigning tasks. Team members were prepared to take over leadership functions such
as motivating the team and trying to keep the team calm during emergencies. Team members
were assertive: they identified problems concerning actions and plans and were prepared to state
opinions and argue a case where decisions were required.

Poor team member authority/assertiveness
Team members failed to take charge adequately during emergencies or impending emergencies.
Team members failed to take on the roles and tasks of others or did so too slowly. The individual
or individuals concerned were left to cope alone or the role of providing assistance was left to
others. Team members did not fill in for other members when they were temporarily absent or
otherwise engaged. Team members rarely if ever questioned or commented on each other’s plans
or actions where this would have been advantageous. Team members did not facilitate decisions
by stating opinions and arguing a case.

Questions
Were members prepared to take control of a potentially hazardous situation requiring immediate
action?
Were members prepared to give directions to others during emergencies?
Did members fill in for another member who was unable to perform a function or task?
Were team members prepared if necessary to assign tasks to others?
Did team members focus other team members on tasks and requirements?
Were members willing to identify potential problems or ambiguities in proposed actions or plans?
Were members prepared to state and maintain opinions and to support and justify them?
Did team members try to motivate the team, for example when members were suffering from
fatigue?
Did members try to ensure that the team kept calm during emergencies?

Please rate the team member authority/assertiveness by placing a tick in the box below the
rating you consider appropriate:

VERY POOR POOR JUST ADEQUATE GOOD VERY GOOD

COMMENTS
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TEAM PROCESS 7:  TEAM PLANNING

Definition
Communication of intentions and plans leading to improved co-ordination among team members.

Good team planning
Team members provided each other with information on plans, or consulted each other during the
formation of plans, where these had implications for each others’ tasks and responsibilities. Team
members alerted each other to changes in plans and the possible consequences for the tasks of
other team members.

Poor team planning
Team members did not provide each other with information on plans or draw each other’s attention
to changes in plans, or the implications of plans for each other’s tasks and responsibilities. There
was little or no consultation or discussion on plans where this would have been desirable.

Questions
Did team members inform others of plans?
Were other members consulted in the formation of plans if these were likely to impact on individual
roles and functions?
Did team members alert others to changes in plans and alert them to possible consequences for
their own roles?

Please rate team planning and workload management by placing a tick in the box below the
rating you consider appropriate:

VERY POOR POOR JUST ADEQUATE GOOD VERY GOOD

COMMENTS
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TEAM PROCESS 8:  TEAM WORKLOAD MANAGEMENT

Definition
Managing workload through organised task sharing and clear prioritisation of primary and
secondary task, taking into account the stress levels and fatigue of other team members.

Good team workload management
Team members mutually took action to deal with high workload and team member fatigue. The
team mutually decided on priorities. Tasks were re-distributed among members or tasks were
shared.

Poor team workload management
The team did not act together in deciding how to deal with current or impending high workload. The
team did not share workload effectively by acting together to prioritise tasks, share duties or re-
distribute tasks.

Questions
Did team members re-distribute tasks or activities in order to deal with high workload?
Did team members mutually prioritise tasks when workload was high?
Did team members combine and share tasks when workload was high or during an emergency?
Did team members, if necessary, re-distribute tasks in order to deal with the level of fatigue of team
members or their known ability to cope under stress?

Please rate team planning and workload management by placing a tick in the box below the
rating you consider appropriate:

VERY POOR POOR JUST ADEQUATE GOOD VERY GOOD

COMMENTS
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To be completed by project staff:

Task(s) being assessed:

Personnel carrying out the assessment

Simulation ID:
Exercise/Scenario ID:
Exercise participants (names/IDs):
Date:

Data Summary Table

Team Process Rating

Information Exchange

Communication Procedures

Situation/Environmental Awareness

Procedural Interaction

Mutual Support

Authority/Assertiveness

Planning

Workload Management
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ANNEX B:  TEAM FREQUENCY RECORDING FORM

Instructions

This form is designed for you to log important team activities as they occur, whilst you are
observing an ATM scenario/exercise. The form is designed to provide an observation-based count
of the number of times various types of important team activity occurred during an exercise.

You are required to indicate the nature of any observed team behaviour by placing a tick in a box
alongside one or more of the team activities listed in the left-hand column. This means that you
have two decisions to make:
1. Have I observed a team interaction relevant to the ATM exercise?
2. What sort of interaction if ‘yes’?

The form identifies 16 types of common and significant team activity for you to log. These are all
team behaviours known to be important in ATM and which you are thus likely to observe. A brief
description of each team activity is attached to this form.

You will need to have had practice in using this log. Training and practice opportunities should
have been provided. Do not attempt to use this form unless you have received such training.

TEAM BEHAVIOUR LOG (tick each occurrence)

1 Information made available to team (unprompted)

2 Information requested where it is important

3 Information provided as required, when requested

4 Mutual completion of actions following procedures

Confirming and stating selected
options

6 Planning discussion

7 Plan sent/updated

8 Prompting colleagues, providing advice/guidance

9 Requesting/providing help or assistance when necessary

10 Mutually prioritising tasks

Re-distributing tasks to cope with
high workload

12 Taking control of task requiring immediate action

Giving directions to others during
emergencies

14 Acknowledging changes to status, alert to updates

15 Discussing common picture with colleague(s)

16 Alerting each other to time constraints or events
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To be completed by project staff:

Personnel completing log:

Simulation ID:
Exercise/Scenario ID:
Exercise participants (names/Ids):
Date:

Data Summary Table:

Team Process
(team behaviours shown in brackets)

No. of observed instances

Information Exchange (1 + 2 + 3)

Communication Procedures

Procedural Interaction (4 + 5)

Planning (6 + 7)

Mutual Support (8 + 9 )

Workload Management (10 + 11)

Authority/Assertiveness (12 + 13)

Situation/Environmental Awareness   (14 + 15 + 16)

Grand Total =
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ANNEX C:  SASHA_Q

Introduction

Computer-assistance tools and other forms of automation support are being increasingly
introduced into today's Air Traffic Management (ATM) systems, and are expected to be
fundamental components of systems in the future. The success of such automated tool support will
depend in part on the degree to which Human Factors are taken into account in the design and
implementation of these tools.

As part of the overall European ATM Programme (EATMP), the Human Factors & Manpower Unit
within EUROCONTROL has recently initiated a new programme of work to address the human
factors issues of automation in ATM systems. The programme is called SHAPE ("Solutions for
Human-Automation Partnerships in European ATM"). The present aim of SHAPE is to develop a
number of measurement techniques that can be applied during real-time simulations to assess and
measure the effectiveness of the automation.

This questionnaire is concerned with measuring your ‘situation awareness’. It consists of 13
questions. Please answer each question by ticking the box as appropriate. Add any other
comments in the space provided.
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Thank you for your assistance and co-operation.

SASHA Questionnaire

Q1: - Did you have the feeling that you were ahead of the traffic, able to predict the
evolution of the traffic?

            Never                       Always

Comments:………………………………………………………………………………………
……………………………………………………………………………………………………
………………………………………………………………………..
Q2: - Did you have the feeling that you were able to plan and organise your work as
you wanted?

           Never                       Always

Comments:………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………..…
Q3: - Have you been surprised by an a/c call that you were not expecting?

           Never                       Often

Comments:………………………………………………………………………………………
……………………………………………………………………………………………………
…………………………………………………………………….
Q4: - Did you have the feeling of starting to focus too much on a single problem and/or
area of the sector?

           Never                       Often

Comments:………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………….
Q5: - Did you forget to transfer any aircraft?

           Never                       Often

Comments:………………………………………………………………………………………
……………………………………………………………………………………………………
………………………………………………………………..…….

Q6: - Did you have any difficulty finding an item of (static) information?

           Never                       Always

Comments: ………… …………………………………………………………………
……………………………………………………………………………………………………
………………………………………………………………………………...
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Q7: - Do you think the FLIPCY provided you with useful information?

           Never                       Always
Comments:………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………….

Q8: - Were you paying too much attention to the functioning of FLIPCY?

           Never                       Always
Comments:………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………

Q9. - Did FLIPCY help you to have a better understanding of the situation?

           Never                       Always
Comments:………………………………………………………………………………………
……………………………………………………………………………………………………
…………………………………………………………………….
Q10: - Do you think the PPD provided you with useful information?

           Never                       Always
Comments:………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………….

Q11: - Were you paying too much attention to the functioning of the PPD?

           Never                       Always
Comments:………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………

Q12: - Did the PPD help you to have a better understanding of the situation?

           Never                       Always
Comments:………………………………………………………………………………………
……………………………………………………………………………………………………
…………………………………………………………………….

Q13: - Finally, how would you rate your overall situation awareness during this
exercise?

     poor  quite poor   Okay Quite Good   Very good

Comments:………………………………………………………………………………………
……………………………………………………………………………………………………
………………………………………………………
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ANNEX D:  SASHA_ L

These instructions are intended for the person(s) who will apply the SASHA on-line situation
awareness measure. It is assumed that you are an experienced air traffic controller (either
operational or ex-operational). Ideally, you will have some experience of on-the-job training and
therefore be familiar with evaluating another controller’s performance.

It is assumed that you understand what is ‘situation awareness’, what is the purpose of the
measure and how it is to be used. (It is assumed that you have briefed beforehand by the EEC
Project Team or human factors specialists assigned to the simulation.)

Before the simulation (or measured exercises):

Familiarise yourself with the simulation system and in particular any new computer-assistance
tools or other forms of automation support that are being evaluated.

Ensure that you have read all of the information provided to the participating controllers and attend
the pre-simulation briefings. Familiarise yourself with the airspace, route structure, and traffic
samples being simulated.

Familiarise yourself with the SASHA workstation. (This workstation will either be located in the
pseudo-pilots room, in the Human Factors Laboratory, or other facility separate from the main
simulation room.)

During the Simulation:

During each specified simulation exercise, as directed by the Project Team leader or other
specialist responsible for co-ordinating the simulation, ask the specified controller your set of
situation awareness questions. Each question should be recorded on the SASHA_L query form
(see attached) and scored appropriately.

When formulating the questions to ask, the following general guidelines should be followed:

It is important to remember at the outset that the aim of the exercise is to test the controller's
situation awareness from the operational point of view. The aim is not to catch the controller out
with 'tricky' questions.

It is important to ask the question at an appropriate moment, both operationally and from the point
of view of not disturbing the controller too much.

One query should be made about every 5 minutes (i.e. 12 questions overall during a 1-hour
exercise). The timing does not need to be precise - an interval varying between 3 to 10 minutes will
be satisfactory.

The queries should be worded clearly and concisely (not forgetting that English might not be the
native language of the controller) such that it is reasonable to expect the controller to give a clear
and concise answer (see examples below).

Some of the queries - about one-third - should be related to information displayed by the
automation tools.

Some of the queries – again about one third – should be related to the evolution of the situation in
the near future. How long in advance is dependent of the possible extrapolation capabilities of the
tools provided.
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Typically the queries will all be different, but a query can be repeated if it is felt to be useful.

When scoring the controller’s answer:

•  Evaluate the response according to the situation at the moment it is made.

•  Evaluate the operational accuracy of the answer, rather than its absolute correctness, i.e.
does his/her answer confirm that the controller has good SA and indicates good ATC?

•  When evaluating the time taken to answer take into account both the complexity of your
question and the probable activity/task that the controller was doing when you asked it.

•  A too quick answer might be the sign of a lucky guess. If you feel this is the case then tick
the box ‘Too Short ’.

It is important to make your evaluation and scoring as soon as possible after the controller has
answered while the exact circumstances are still fresh in the memory.

After the Simulation:

After the exercise, review your completed Query forms and put down any additional comments. It
might be useful to discuss some points with the controller concerned, but make sure you get the
help and approval of the simulation analyst.

SASHA On-Line Query Form
(photo-copy as necessary)

SASHA On-Line Query No. ……

Query:…………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………

Query’s operational importance             -                                                 +

Answer’s operational accuracy   Incorrect       OK      Correct 

Time to answer              Too Short       OK     Too Long 
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ANNEX E:  TPF RESULTS

SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 7
Info requested 4

Information exchange

Info provided 4 15
Mutual completionProcedural Interaction

Confirming and stating selected option 2 2
Planning discussion 6Planning

Planning sent/updated 6
Prompting, providing advice/guidance 10Mutual Support

Requesting /providing help or assistance 4 14
Mutually prioritising tasksWorkload Management

Re-distributing task when high workload
Taking control task req. immediate actionsAuthority/Assertiveness

Giving directions during emergencies
Acknowledging changes to status alert to

updates
Discussing common picture 15

Situation/Environmental
Assessment

Alerting to time constraints or events 5 20
Date: 29/05 TL:120 Org: A DL: 75 Team: S

SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 8
Info requested 4

Information exchange

Info provided 4 16
Mutual completionProcedural Interaction

Confirming and stating selected option 6 6
Planning discussion 11Planning

Planning sent/updated 11
Prompting, providing advice/guidance 16Mutual Support

Requesting /providing help or assistance 1
17

Mutually prioritising tasksWorkload Management
Re-distributing task when high workload

Taking control task req. immediate actionsAuthority/Assertiveness
Giving directions during emergencies 1 1

Acknowledging changes to status alert to
updates

Discussing common picture 18

Situation/Environmental
Assessment

Alerting to time constraints or events 2 20
Date: 28/05 TL: 140 Org: A DL: 75 Team: D
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SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 14
Info requested 6

Information exchange

Info provided 6 26
Mutual completion 2Procedural Interaction

Confirming and stating selected option 10 12
Planning discussion 12Planning

Planning sent/updated 12
Prompting, providing advice/guidance 17Mutual Support

Requesting /providing help or assistance 1 18
Mutually prioritising tasksWorkload Management

Re-distributing task when high workload 1 1
Taking control task req. immediate actionsAuthority/Assertiveness

Giving directions during emergencies
Acknowledging changes to status alert to

updates
Discussing common picture 16

Situation/Environmental
Assessment

Alerting to time constraints or events 12 28
Date: 30/05 TL:120 Org: A DL: 95 Team: D

SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 2
Info requested 2

Information exchange

Info provided 2 6
Mutual completionProcedural Interaction

Confirming and stating selected option 4 4
Planning discussionPlanning

Planning sent/updated
Prompting, providing advice/guidance 24Mutual Support

Requesting /providing help or assistance 4 29
Mutually prioritising tasksWorkload Management

Re-distributing task when high workload
Taking control task req. immediate actions 2Authority/Assertiveness

Giving directions during emergencies 2
Acknowledging changes to status alert to

updates
Discussing common picture 11

Situation/Environmental
Assessment

Alerting to time constraints or events 4 15
Date: 30/05 TL:120 Org: A DL: 50 Team: S
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SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 17
Info requested 4

Information exchange

Info provided 4 25
Mutual completionProcedural Interaction

Confirming and stating selected option 7 7
Planning discussion 8Planning

Planning sent/updated 8
Prompting, providing advice/guidance 17Mutual Support

Requesting /providing help or assistance 17
Mutually prioritising tasksWorkload Management

Re-distributing task when high workload 3 3
Taking control task req. immediate actionsAuthority/Assertiveness

Giving directions during emergencies
Acknowledging changes to status alert to

updates
Discussing common picture 21

Situation/Environmental
Assessment

Alerting to time constraints or events 7 28
Date: 31/05 TL: 140 Org: B DL: 95 Team: S

SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 14
Info requested 8

Information exchange

Info provided 8 30
Mutual completionProcedural Interaction

Confirming and stating selected option 12 12
Planning discussion 23Planning

Planning sent/updated 23
Prompting, providing advice/guidance 20Mutual Support

Requesting /providing help or assistance 20
Mutually prioritising tasksWorkload Management

Re-distributing task when high workload
Taking control task req. immediate actionsAuthority/Assertiveness

Giving directions during emergencies
Acknowledging changes to status alert to

updates
Discussing common picture 23

Situation/Environmental
Assessment

Alerting to time constraints or events 11 34
Date: 31/05 TL: 140 Org: C DL: 95 Team: D
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SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 6
Info requested 4

Information exchange

Info provided 4 14
Mutual completionProcedural Interaction

Confirming and stating selected option 3 3
Planning discussion 6Planning

Planning sent/updated 6
Prompting, providing advice/guidance 36Mutual Support

Requesting /providing help or assistance 6 42
Mutually prioritising tasksWorkload Management

Re-distributing task when high workload 1 1
Taking control task req. immediate actions 1Authority/Assertiveness

Giving directions during emergencies 1
Acknowledging changes to status alert to

updates
Discussing common picture 17

Situation/Environmental
Assessment

Alerting to time constraints or events 6 23
Date: 03/06 TL:140 Org: A DL: 50 Team: S

SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 3
Info requested 3

Information exchange

Info provided 3 9
Mutual completionProcedural Interaction

Confirming and stating selected option 5 5
Planning discussion 6Planning

Planning sent/updated 6
Prompting, providing advice/guidance 16Mutual Support

Requesting /providing help or assistance 16
Mutually prioritising tasksWorkload Management

Re-distributing task when high workload
Taking control task req. immediate actionsAuthority/Assertiveness

Giving directions during emergencies
Acknowledging changes to status alert to

updates
Discussing common picture 8

Situation/Environmental
Assessment

Alerting to time constraints or events 7 15
Date: 03/06 TL:120 Org: A DL: 75 Team: D
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SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 9
Info requested 2

Information exchange

Info provided 2 13
Mutual completion 1Procedural Interaction

Confirming and stating selected option 1
Planning discussion 14Planning

Planning sent/updated 14
Prompting, providing advice/guidance 15Mutual Support

Requesting /providing help or assistance 2 17
Mutually prioritising tasksWorkload Management

Re-distributing task when high workload
Taking control task req. immediate actionsAuthority/Assertiveness

Giving directions during emergencies
Acknowledging changes to status alert to

updates
3

Discussing common picture 16

Situation/Environmental
Assessment

Alerting to time constraints or events 11 30
Date: 04/06 TL: 140 Org: B DL: 95 Team: D

SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 1
Info requested 5

Information exchange

Info provided 5 11
Mutual completion 3Procedural Interaction

Confirming and stating selected option 4 7
Planning discussion 4Planning

Planning sent/updated 4
Prompting, providing advice/guidance 13Mutual Support

Requesting /providing help or assistance 13
Mutually prioritising tasksWorkload Management

Re-distributing task when high workload 217 2
Taking control task req. immediate actionsAuthority/Assertiveness

Giving directions during emergencies
Acknowledging changes to status alert to

updates
Discussing common picture 12

Situation/Environmental
Assessment

Alerting to time constraints or events 7 19
Date: 04/06 TL:140 Org: A DL: 95 Team: S

                                                
17 To cope with interface problem, not workload
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SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 8
Info requested 4

Information exchange

Info provided 4 16
Mutual completionProcedural Interaction

Confirming and stating selected option 4 4
Planning discussion 12Planning

Planning sent/updated 12
Prompting, providing advice/guidance 15Mutual Support

Requesting /providing help or assistance 2 17
Mutually prioritising tasks 1Workload Management

Re-distributing task when high workload 1 2
Taking control task req. immediate actionsAuthority/Assertiveness

Giving directions during emergencies
Acknowledging changes to status alert to

updates
Discussing common picture 15

Situation/Environmental
Assessment

Alerting to time constraints or events 10 25
Date: 05/06 TL: 140 Org: A DL: 95 Team: D

SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 5
Info requested 1

Information exchange

Info provided 1 7
Mutual completionProcedural Interaction

Confirming and stating selected option 3 3
Planning discussion 8Planning

Planning sent/updated 8
Prompting, providing advice/guidance 13Mutual Support

Requesting /providing help or assistance 13
Mutually prioritising tasksWorkload Management

Re-distributing task when high workload
Taking control task req. immediate actionsAuthority/Assertiveness

Giving directions during emergencies
Acknowledging changes to status alert to

updates
Discussing common picture 15

Situation/Environmental
Assessment

Alerting to time constraints or events 6 21
Date: 06/06 TL:145 Org: C DL: 95 Team: S
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SHAPE Team Process Team behaviours Observed
instance

Total per
process

Info made available unprompted 5
Info requested 5

Information exchange

Info provided 5 15
Mutual completionProcedural Interaction

Confirming and stating selected option 7 7
Planning discussion 6Planning

Planning sent/updated 6
Prompting, providing advice/guidance 24Mutual Support

Requesting /providing help or assistance 4 28
Mutually prioritising tasksWorkload Management

Re-distributing task when high workload
Taking control task req. immediate actionsAuthority/Assertiveness

Giving directions during emergencies
Acknowledging changes to status alert to

updates
Discussing common picture 9

Situation/Environmental
Assessment

Alerting to time constraints or events 5 14
Date: 06/06 TL:120 Org: A DL: 50 Team: D
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ANNEX F:  TPQ RESULTS

SHAPE Team Process Observer 1 Observer 2
Information exchange  GOOD VERY GOOD
Communication Procedures GOOD Communication procedure:

GOOD
Situation/Environmental
Assessment

VERY GOOD VERY GOOD

Procedural Interaction Team procedural interaction:
GOOD

Team procedural interaction:
GOOD

Mutual Support Mutual support: GOOD Mutual support: VERY
GOOD

Authority/Assertiveness ember authority/ assertiveness:
VERY GOOD

VERY GOOD

Planning Team Planning: Just
ADEQUATE

VERY GOOD

Workload Management Team Workload management :
Just ADEQUATE

VERY GOOD

Date: 03/06/02 TL: 140 Org: C DL: 95

SHAPE Team Process Observer 1 Observer 2
Information exchange POOR GOOD
Communication Procedures Just ADEQUATE Communication procedure:

GOOD
Situation/Environmental
Assessment

POOR GOOD

Procedural Interaction POOR interaction: GOOD
Mutual Support Just ADEQUATE GOOD
Authority/Assertiveness POOR GOOD
Planning Just ADEQUATE GOOD
Workload Management Just ADEQUATE GOOD
Date: 03/06/02 TL: 140 Org: A DL: 50
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SHAPE Team Process Observer 1 Observer 2
Information exchange  VERY GOOD GOOD
Communication Procedures Communication procedure: 

VERY GOOD
GOOD

Situation/Environmental
Assessment

VERY GOOD GOOD

Procedural Interaction Team procedural interaction:
VERY GOOD

GOOD

Mutual Support Mutual support:    VERY GOOD GOOD
Authority/Assertiveness ember authority/ assertiveness:

VERY GOOD
GOOD

Planning Team Planning: VERY GOOD GOOD
Workload Management Team Workload management:

VERY GOOD
GOOD

Date: 03/06/02 TL: 120 Org: A DL: 75

SHAPE Team Process Observer 1 Observer 2
Information exchange VERY GOOD VERY GOOD
Communication Procedures GOOD VERY GOOD
Situation/Environmental
Assessment

VERY GOOD VERY GOOD

Procedural Interaction VERY GOOD VERY GOOD
Mutual Support VERY GOOD VERY GOOD
Authority/Assertiveness VERY GOOD VERY GOOD
Planning VERY GOOD VERY GOOD
Workload Management Team Workload management

VERY GOOD
VERY GOOD

Date: 04/06/02 TL: 140 Org: A DL: 95
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SHAPE Team Process Observer 1 Observer 2
Information exchange JUST ADEQUATE / GOOD VERY GOOD
Communication Procedures GOOD VERY GOOD
Situation/Environmental
Assessment

GOOD VERY GOOD

Procedural Interaction GOOD VERY GOOD
Mutual Support VERY GOOD VERY GOOD
Authority/Assertiveness VERY GOOD VERY GOOD
Planning VERY GOOD VERY GOOD
Workload Management VERY GOOD VERY GOOD
Date: 04/06/02 TL: 140 Org: A DL: 75

SHAPE Team Process Observer 1 Observer 2
Information exchange Just ADEQUATE VERY GOOD
Communication Procedures Just ADEQUATE VERY GOOD
Situation/Environmental
Assessment

GOOD VERY GOOD

Procedural Interaction GOOD VERY GOOD
Mutual Support GOOD VERY GOOD
Authority/Assertiveness POOR/ J ADEQUATE VERY GOOD
Planning GOOD VERY GOOD
Workload Management GOOD VERY GOOD
Date: 04/06/02 TL: 140 Org: B DL: 95

SHAPE Team Process Observer 1 Observer 2
Information exchange VERY GOOD VERY GOOD
Communication Procedures GOOD/VERY GOOD VERY GOOD
Situation/Environmental
Assessment

VERY GOOD VERY GOOD

Procedural Interaction VERY GOOD VERY GOOD
Mutual Support VERY GOOD VERY GOOD
Authority/Assertiveness GOOD/VERY GOOD VERY GOOD
Planning VERY GOOD VERY GOOD
Workload Management VERY GOOD VERY GOOD
Date: 05/06/02 TL: 120 Org: A DL: 75

SHAPE Team Process Observer 1 Observer 2
Information exchange GOOD VERY GOOD
Communication Procedures GOOD VERY GOOD
Situation/Environmental
Assessment

Just ADEQUATE VERY GOOD

Procedural Interaction GOOD VERY GOOD
Mutual Support GOOD VERY GOOD
Authority/Assertiveness GOOD VERY GOOD
Planning GOOD VERY GOOD
Workload Management VERY GOOD VERY GOOD
Date: 05/06/02 TL: 140 Org: A DL: 95



EUROCONTROL DOVE-1 Real-Time Simulation

262 Project AGC-Z-DO - EEC Report No. 383

SHAPE Team Process Observer 1 Observer 2
Information exchange VERY GOOD VERY GOOD
Communication Procedures VERY GOOD VERY GOOD
Situation/Environmental
Assessment

GOOD VERY GOOD

Procedural Interaction GOOD VERY GOOD
Mutual Support VERY GOOD VERY GOOD
Authority/Assertiveness GOOD/VERY GOOD VERY GOOD
Planning VERY GOOD VERY GOOD
Workload Management VERY GOOD VERY GOOD
Date: 06/06/02 TL: 140 Org: C DL: 95
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Date: 03/06/02 Observer: 1 TL: 140 Org: C DL: 95

Information exchange: GOOD

“Information flow was good, but occasionally not specific enough – Callsign given without numbers”

Communication procedure: GOOD

“Globally OK, but again occasionally not specific enough. However, this was rectified between the
controllers when required”

Situation/environmental awareness: VERY GOOD

“Had a good picture overall”

Team procedural interaction: GOOD

“Sometimes too much information being passed: I’m doing this co-ordination- OK OK”

Mutual support: GOOD

“Overall acted well together, but some times needed prompting to complete an action”

Member authority/ assertiveness: VERY GOOD

“One in control, one helping”

Team Planning: Just ADEQUATE

“Sometimes too much information on intention. See team procedural interaction”

Team Workload management : Just ADEQUATE

“Could have organised task sharing better- sometimes it was done on an individual basis rather
than by both”
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Date: 03/06/02 Observer: 2 TL: 140 Org: C DL: 95

Information exchange: VERY GOOD

Communication procedure: GOOD
“In two cases the PC missed to pass the correct information about conflicts on the TC’s request”

Situation/environmental awareness: VERY GOOD

Team procedural interaction: GOOD
“The PC missed to pass information to TC. The TC solved the problems”

Mutual support: VERY GOOD
“It was a nice example of mutual support”

Member authority/ assertiveness: VERY GOOD

Team Planning: VERY GOOD

Team Workload management: VERY GOOD
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Date: 03/06/02 Observer: 1 TL: 140 Org: A DL: 50

Information exchange: POOR

“Sometimes OK but sometimes exchange of information was not sufficient to prevent problems”

Communication procedure: Just ADEQUATE

“Most of the time OK, but during a sticky period a lot of unnecessary communication was needed
because the TC was not performing brilliantly””

Situation/environmental awareness: POOR

“Mainly due to poor TC performance the PC had to compensate a lot of the time”

Team procedural interaction: POOR

“Some suggestions from the PC were rejected by TC, which lead to the PC withdrawing further
suggestions”

Mutual support: Just ADEQUATE

“A lot of information being passed from PC to TC. TC was not having a particularly good exercise.
Support was all one way”

Member authority/ assertiveness: POOR

“TC not at the top of things, but PC did not go as far as to take control. For a short while there
seemed no overall control of the sector”

Team Planning: Just ADEQUATE

Outside a 15 minute period, planning was good, but during that period not so”

Team Workload management Just ADEQUATE“

PC took on extra tasks, to try to compensate for somewhat poor TC performance”
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Date: 03/06/02 Observer: 2 TL: 140 Org: A DL: 50

Information exchange:  GOOD

“The PC is passing information to the TC all the time. The TC sometimes listens not”

Communication procedure: GOOD

“The radar screens were turned outside. Sometimes I could feel that the communication between
TC and PC was rigid. To be precise the TC’s attitude was rigid”

Situation/environmental awareness: GOOD

“All the operational problems were solved but sometimes there were discussions between TC and
PC on solving an operational issue”

Team procedural interaction: GOOD

“The TC does not accept all the time the PC’s information

Mutual support:  GOOD

“The PC helped a lot the TC. The TC was quite rigid sometimes”

Member authority/ assertiveness: GOOD

Team Planning: GOOD

Team Workload management: GOOD

“The TC sometimes tried to do everything alone”
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Date: 03/06/02 Observer: 1 TL: 120 Org: A DL: 75

Information exchange: VERY GOOD

“Very quiet exercise, but what was required was done”

Communication procedure: VERY GOOD

“Very quiet exercise, no great effort required”

Situation/environmental awareness: VERY GOOD

Team procedural interaction: VERY GOOD

“Interaction was what would be expected from a quiet period of traffic”

Mutual support: VERY GOOD

“No great effort required”

Member authority/ assertiveness: VERY GOOD

“Not a factor”

Team Planning: VERY GOOD

“Little forward planning required”

Team Workload management: VERY GOOD

“Little workload, no need for task sharing beyond the normal”
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Date: 03/06/02 Observer: 2 TL: 120 Org: A DL: 75

Information exchange:  GOOD

“In some case the information exchange between the TC and the PC was not “ideal” because the
TC did not listen to the PC.”

Communication procedure: GOOD

“The radar screens were turned outside. The attitude of the two controllers was a bit isolated.
Otherwise legality and standard procedures were followed.”

Situation/environmental awareness: GOOD

“I felt a lack of trust between the TC and the PC which led to a re evaluation of certain conflicts by
the TC.”

Team procedural interaction: GOOD

“Standard procedures were followed. But sometimes they worked in isolation as individuals not as
a team.”

Mutual support:  GOOD

“The PC seemed to be very flexible and co-operative, but the TC was quite rigid sometimes.”

Member authority/ assertiveness: GOOD

“The TC had a quite rigid attitude and most of the times tried to do everything himself.”

Team Planning: GOOD

“I found this team in some cases non co-operative. They should talk much more to each other.”

Team Workload management GOOD

“The TC tried most of the time to do everything alone”
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Date: 04/06/02 Observer: 1 TL: 140 Org: A DL: 95

Information exchange: VERY GOOD

“Information passed all through the exercise, good, timely and relevant”

Communication procedure: GOOD

“Sometimes referred to Callsign without number, but always verified”

Situation/environmental awareness: VERY GOOD

“ Totally aware, helped each other well to find the “missing” aircraft”

Team procedural interaction: VERY GOOD

“Helped each other in tasks, even when workload did not require a redistribution”

Mutual support: VERY GOOD

“Supported each other well, with possibly an element of making up for yesterday (ref. 2nd ex
30/06/02)”

Member authority/ assertiveness: VERY GOOD

“Tasks shared effortlessly, TC unable to assume one aircraft, PC assumed very quietly”

Team Planning: VERY GOOD

“Information exchange and planning carried out very confortably. Suggestion for conflict resolution
were agreed and discussed”

Team Workload management VERY GOOD

“TC took on extra tasks, such as transfer of datalink, but in a light-hearted shared way”
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Date: 04/06/02 Observer: 2 TL: 140 Org: A DL: 95

Information exchange:

VERY GOOD

“It was completely different from yesterday. The TC and the PC co-operated well.”

Communication procedure:

VERY GOOD

“180 degrees different from yesterday with the same team.”

Situation/environmental awareness:

VERY GOOD

Team procedural interaction:

VERY GOOD

Mutual support:

VERY GOOD

Member authority/ assertiveness:

VERY GOOD

Team Planning:

VERY GOOD
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Date: 04/06/02 Observer: 1 TL: 140 Org: A DL: 75

Information exchange:

JUST ADEQUATE / GOOD

“Information exchange was good overall but sometimes (once or twice) slightly ambiguous-
Callsign without a number, and once wrong information was passed” (what effect ? )

Communication procedure:

GOOD

“Overall again, good. If ambiguous information was received by the TC he went looking for the full
story. PC has a trend to give Callsign without numbers sometimes”

Situation/environmental awareness:

GOOD

“ Totally aware of what was going on the TC side. PC gave wrong information once, but picked up
very quickly by TC”

Team procedural interaction:

GOOD

“Excluding the previous comments about the mistake and occasional Callsign without a number,
the team reacted well together, offering help and information throughout”

Mutual support:

VERY GOOD

Member authority/ assertiveness:

VERY GOOD

“Stayed calm throughout- definitely one leader on the suite TC!””

Team Planning:

VERY GOOD

“Little planning required, but what was needed was done”

Team Workload management

VERY GOOD

“What was required was done”

Team Workload management

VERY GOOD
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Date: 04/06/02 Observer: 2 TL: 140 Org: A DL: 75

Information exchange:

VERY GOOD

“Neat, harmonised information exchange.”

Communication procedure:

VERY GOOD

“Very nice co-operation.”

Situation/environmental awareness:

VERY GOOD

Team procedural interaction:

VERY GOOD

“It looks like they have been working together for ages”

Mutual support:

VERY GOOD

Member authority/ assertiveness:

VERY GOOD

Team Planning:

VERY GOOD

Team Workload management

VERY GOOD
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Date: 04/06/02 Observer: 1 TL: 140 Org: B DL: 95

Information exchange: Just ADEQUATE

“Nothing lost or not sent, but sometimes too much information, especially in the form of TC
reaffirming his actions verbally”

Communication procedure:    Just ADEQUATE

“Sometimes PC responded impatiently “yeh,yeh,yeh” to the constant flow of talk coming from TC”

Situation/environmental awareness: GOOD

“ SA helped by the fact that for a long period PC became semi-tactical, and whilst not doing the TC
work was making very strong suggestions”

Team procedural interaction: GOOD

“Interaction was OK, but sometimes difficult to determine who was the PC

Mutual support:          GOOD

“Supported each other well, but roles almost changed in the middle of the exercise. However they
still managed to get the job done”

Member authority/ assertiveness:     POOR/ J ADEQUATE

“Difficult for a stranger to determine the leader on the suite”

Team Planning:          GOOD

“Planning was OK by both. PC  however, physically reacted to a plan he didn’t particularly like”

Team Workload management GOOD
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Date: 04/06/02 Observer: 2 TL: 140 Org: B DL: 95

Information exchange:

VERY GOOD
“Mostly using screen markers, did not talk a lot.”

Communication procedure:

VERY GOOD
“They did not talk a lot, but they performed their job perfectly.”

Situation/environmental awareness:

VERY GOOD

Team procedural interaction:

VERY GOOD

“Good team work”

Mutual support:

VERY GOOD

Member authority/ assertiveness:

VERY GOOD

Team Planning:

VERY GOOD

Team Workload management

VERY GOOD
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Date: 05/06/02 Observer: 1 TL: 120 Org: A DL: 75

Information exchange:

VERY GOOD
“Very good and efficient exchange of information and prompts from PC to TC””

Communication procedure:

GOOD/VERY GOOD

“Information from PC to TC accurate, except for one occasion, picked up by TC. TC sometimes
gave ambiguous information “Look at the Lufthansa” when 2 of them on the screen”

Situation/environmental awareness:

VERY GOOD
“ PC constantly checking DL and PPD and feeding TC as required. TC kept PC informed of what
he was doing”

Team procedural interaction:

VERY GOOD

Mutual support:

VERY GOOD
“Supported each other very well, prompts were not instructions, and were well received and
assessed”

Member authority/ assertiveness:

GOOD/VERY GOOD

Team Planning:

VERY GOOD

“Planned as required and kept each other informed”

Team Workload management

VERY GOOD

“Quiet exercise, not a great deal of re-distribution required”
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Date: 05/06/02 Observer: 2 TL: 120 Org: A DL: 75

Information exchange:

VERY GOOD

“I am really impressed how well this team worked.”

Communication procedure:

VERY GOOD

Situation/environmental awareness:

VERY GOOD

“The PC was especially good and helped a lot the TC”

Team procedural interaction:

VERY GOOD

Mutual support:

VERY GOOD

“Impressive”

Member authority/ assertiveness:

VERY GOOD

Team Planning:

VERY GOOD

Team Workload management

VERY GOOD
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Date: 05/06/02 Observer: 1 TL: 140 Org: A DL: 95

Information exchange: GOOD

“Overall quite good, although TC still displaying trend to give incomplete details which can be
confusing at times”

Communication procedure:    GOOD

“Again quite good, but with occasional uncertainty due to a lack of details”

Situation/environmental awareness: Just ADEQUATE

“ At one stage aircraft was given a point well off his route- not picked up initially by either controller,
only sorted out when TC admitted being confused”

Team procedural interaction: GOOD

Mutual support:          GOOD

“Despite one or two glitches co-operated well as a team.”

Member authority/ assertiveness:     GOOD

“Not the most “authoritative” of pairings, things tend to be done by constant cross referring to each
other”

Team Planning:          GOOD

“All Planning, and most other decision taken together”

Team Workload management VERY GOOD

“Not busy enough to require much re-distribution”
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Date: 05/06/02 Observer: 2 TL: 140 Org: A DL: 95

Information exchange:

VERY GOOD

Communication procedure:

VERY GOOD
“PC and TC communicated well and effective”

Situation/environmental awareness:

VERY GOOD

Team procedural interaction:

VERY GOOD

Mutual support:

VERY GOOD

Member authority/ assertiveness:

VERY GOOD

Team Planning:

VERY GOOD

Team Workload management

VERY GOOD
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Date: 06/06/02 Observer: 1 TL: 140 Org: C DL: 95

Information exchange: VERY GOOD

“Information exchange both verbal and graphical. PC zoomed in a conflict with yellow leader-lines
to quickly show to TC the problem”

Communication procedure:    VERY GOOD

“See info exchange”

Situation/environmental awareness: GOOD

“Sometimes TC had to “hunt” for information on aircraft. Seemed slightly put out by turbulence
indications and procedures.”

Team procedural interaction: GOOD

“One aircraft transferred with a open dialogue, which caused a permanent yellow display on
screen”

Mutual support:          VERY GOOD

“This team normally works smoothly together”

Member authority/ assertiveness:     GOOD/VERY GOOD

“Tasks assign or taken on willingly, TC in control, but with some strong prompting”

Team Planning:          VERY GOOD

“Transfers and co-ordination worked out well by the team”

Team Workload management           VERY GOOD

“Shared task when required”
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