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ANNEX C - ASAS SPACING 

C.1 OVERVIEW OF SCENARIOS 

The following figures summarise the scenario used for the ASAS sequencing & merging 
function evaluation (scenario 4 in EP3 D6.4-01). 

Scenario 4 - ASAS sequencing & merging - Initial Fl ight Plan (t = T0)     
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Scenario 4 - ASAS sequencing & merging (t = T0+3') 

 
Scenario 4 - ASAS sequencing & merging (t = T0+4') 
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Scenario 4 - ASAS sequencing & merging (t = T0+5') 

 
Scenario 4 - ASAS sequencing & merging (t = T0+8') 

 
 



 

Episode 3 

D6.5-01c - ASAS Spacing - Annex C to Technological 
Enablers Consolidated Validation Report 

Version: 2.00 

 

Page 8 of 32 

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

Scenario 4 - ASAS sequencing & merging (t = T0+9') 

 
Note: The instruction is CANCEL SPACING and not CANCEL TARGET. 

Scenario 4 - ASAS sequencing & merging (t = T0+12')  
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Scenario 4 - ASAS sequencing & merging (t = T0+13')  

 
Scenario 4 - ASAS sequencing & merging (t = T0+18')  
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Scenario 4 - ASAS sequencing & merging (t = T0+28')  

 
Scenario 4 - ASAS sequencing & merging (t = T0+29')  

 
Note: This is not the nominal procedure. Normally, the controller should give the instruction to 
end the spacing. Having an automatic altitude condition to end the spacing has been added to 
mitigate any controller oversight. 
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C.2 AIRBORNE EVALUATIONS 

C.2.1 Summary of experiment and strategy planning 

C.2.1.1 First Evaluation Session 

C.2.1.1.1 Objectives 

This first working session of ASAS sequencing & merging function was performed in June 
2008. The goal was to evaluate the global usability of the function during nominal operations. 

The main objectives of this evaluation session were to: 

• Assess the on board global usability of the function (for “Remain behind” and 
“Merge then Remain behind” manoeuvres) ran in an automatic mode (managed 
speed); 

• Test the flight crew work load, working methods and work sharing when operating 
ASAS sequencing & merging manoeuvres; 

• Validate airborne cockpit HMI and functional choices; 

• Validate the robustness and behaviour of the speed algorithm for acquisition then 
maintaining of time spacing. 

 

C.2.1.1.2 Evaluation Protocol 

The evaluation medium is the EPOPEE research simulator (mock-up cockpit simulator 
allowing to test the ASAS sequencing & merging function on an A340-600 environment). 

 

C.2.1.1.3 Evaluation Methodology: 

For data collection purposes: 

• Interviewed pilots evaluate the function into a simulated operational environment 
(cockpit simulator, surrounding traffic with party line, voice exchanges with a 
pseudo-controller); 

• Relevant facts noticed during flights are written down by observers; 

• Pilots’ comments and expression of needs are gathered together and re-discussed 
during a debriefing session; 

• Once collected, data are analyzed in order to release consolidated definition 
elements and produce appropriate recommendations for elements to be reworked. 

 

C.2.1.2 Second Evaluation Session 

C.2.1.2.1 Objectives 

This second working session of ASAS sequencing & merging function was performed in 
December 2008. The goal was to evaluate the global usability of the function during nominal 
and non-nominal operations and to validate evolutions from the previous evaluation session. 

The main objectives were to: 
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• Test the function (for “Remain behind” and “Merge then Remain behind” 
manoeuvres) in degraded cases where the spacing cannot be acquired or 
maintained; 

• Test speed reversion when ASAS sequencing & merging manoeuvre is stopped by 
the controller (before and after decel point); 

• Assess HMI, functional and algorithm modifications made further to June 2008 
evaluation session; 

• Validate the voice phraseology to be used; 

• Evaluate the crew task sharing; 

• Validate the pre-requisites to engage the ASAS sequencing & merging function. 

 

C.2.1.2.2 Evaluation Protocol 

The evaluation medium is the EPOPEE research simulator, (mock-up cockpit simulator 
allowing to test the ASAS sequencing & merging function on an A340-600 environment). 

 

C.2.1.2.3 Evaluation Methodology: 

For data collection purposes: 

• Interviewed pilots evaluate the function into a simulated operational environment 
(cockpit simulator, surrounding traffic with party line, voice exchanges with a 
pseudo-controller);  

• Relevant facts noticed during flights are written down by observers; 

• Pilots’ comments and expression of needs are gathered together and re-discussed 
during a debriefing session 

• Once collected, data are analyzed in order to release consolidated definition 
elements and produce appropriate recommendations for elements to be reworked. 

 

C.2.2 Conduct of validation exercise runs 

C.2.2.1 Common rules to evaluation sessions 

C.2.2.1.1 Evaluation run schedule 

Each evaluation session took place as follows: 

Five to six runs were planned for each session (June and December 2008 sessions) with 
either Airbus experimental pilots or Airbus training pilots. 

The global duration of an evaluation run was around 4 hours. 

• Before entering the cockpit simulator, the flight crews followed a 1-hour training 

o So as to understand the global environment in which they were going to 
operate, the kind of operations they might be requested and the reasons of 
these operations. 

o The specific HMI and functional cockpit elements for ASAS sequencing & 
merging function were described so as to have flight crews able to operate 
any manoeuvre they might be asked by the controllers during the scenarios 

o The limitations of the simulator were described during the briefing too. 
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o The global objectives of the evaluation session were mentioned to the 
participants. 

o The behaviour rules for evaluators and observers were reminded so as to 
avoid influencing on feedbacks obtained during these runs:  

• Silent observation during flight scenarios,  

• No comment whatever the mistakes, misunderstanding, etc 

• No answer to questions asked by the flight crew unless a blocking point 
prevents from keeping on flying the scenario.  

o Flight crews were invited to formulate their comments, thought, doubts and 
questions so that notes can be taken during the scenarios. 

• After the training the flight crew enters the cockpit and flies the proposed scenarios 
during about 1h30 (about 1/4h was needed between scenarios for simulator re-
initialisation). 

• Once all the scenarios are run, a debriefing of about 1h to 1h30 takes place in order 
to go through all the questionnaire elements and the events observed during the 
scenario runs. 

 

C.2.2.1.2 Participants 

Each evaluation run was performed and evaluated with at least four persons: 

• Two pilots; 

• One or two interviewers; 

• One or more observers; 

Pilots evaluate the function. They bring their experience and expertise to assess operational, 
functional and HMI aspects. 

Interviewers ask questions on the subjects of evaluation, problems observed during scenario 
runs, comments made, ask for development of arguments, consolidation of operational 
needs.  They lead the evaluation. 

Observers report pilot’s comments as close as possible of his/her opinions in order to pick up 
operational arguments.  They might help the interviewers to complement feedbacks 
collection. 

 

C.2.2.1.3 Debriefing 

Between two scenarios runs, a short debriefing takes place so as to collect first feedbacks. 
Then a 1h to 1h30-long debriefing is conducted in a meeting room to gather feedbacks from 
the pilots. A questionnaire prepared in advance by designers and human factors specialists is 
used to explore and evaluate the different aspects of the function. 

All data collected through the test and the debriefing were analysed. Moreover, recorded 
parameters were used to assess the performance of the algorithm. 

These data were used to produce recommendations to improve the design of the on board 
implementation of the function. 
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C.2.2.2 First Evaluation Session description 

C.2.2.2.1 Test runs conditions 

The global duration of an evaluation run was around 4 hours during which three different 
scenarios were run. 

5 flight crews (one per run) evaluated the ASAS sequencing & merging function: 3 flight crews 
with Airbus experimental pilots and 2 flight crews with Airbus training pilots. 

 

C.2.2.2.2 Scenario runs 

This first evaluation campaign tested two among the three ASAS spacing manoeuvres in 
nominal situations (Remain behind and Merge then remain behind). All scenarios took place 
at end of cruise and descent phase towards PARIS Charles de Gaulle airport in a high-
density airspace.  

During the 3 different scenarios that were played, the following events occurred: 

• Scenario 1: A Remain behind manoeuvre where target aircraft has comparable 
performance with the ownship was instructed to the flight crew. The objective was to 
test the ASAS sequencing & merging on board implementation in normal condition. 

• Scenario 2: A Merge then Remain behind manoeuvre with a target aircraft flying 
much slower than the ownship. The objective was to test the algorithm behaviour 
and the flight crew reactions when placed behind such a target. 

• Scenario 3: A Merge then Remain behind manoeuvre where the target aircraft and 
the ownship experience different wind conditions. The objective was to test the 
algorithm behaviour and the flight crew reactions and level of understanding of what 
happens when both aircraft experiment different meteo conditions. 

 

C.2.2.3 Second Evaluation Session 

C.2.2.3.1 Test runs conditions 

The global duration of an evaluation run was around 4 hours and 1 scenario was played. 

3 flight crews (one per run) evaluated the ASAS sequencing & merging function: 2 flight crews 
with Airbus experimental pilots and 1 flight crew with Airbus training pilots. 

C.2.2.3.2 Scenario runs 

This second evaluation campaign tested two among the three ASAS spacing manoeuvres in 
nominal and non-nominal situations (successful and unsuccessful Remain behind and Merge 
then remain behind manoeuvres). All scenarios took place at end of cruise, descent and 
approach phase towards PARIS Charles de Gaulle airport in a high-density airspace.  

The scenario played was composed of 5 main events: 

• A “Merge then remain behind” manoeuvre with a failed acquisition phase as the 
target aircraft accelerates beyond the ownship operational speed. The objective was 
to test the flight crew reaction in this situation and assessed the phraseology used in 
this case considering operational objectives. 

• A “Remain behind” manoeuvre after a heading instruction instructed by the ATC. If 
the pilot forgets to reengage the NAV mode (one prerequisite of the function), the 
ASAS sequencing & merging manoeuvre cannot be engaged. The objective was to 
test the system and flight crew behaviour in a missing pre-requisite situation.  

• A “Remain behind” manoeuvre with a normal acquisition phase and a failed 
maintaining phase because of an important change in the target A/C speed. The 
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objective was to test the flight crew reaction in this situation and assess the 
phraseology used in this case. 

• A failed feasibility check as the instructed spacing cannot be acquired at or before 
the acquisition point. The objective was to assess the algorithm behaviour and the 
flight crew reaction. 

• A “Merge then remain behind” manoeuvre during the approach phase, with flaps 
extension and loc/glide capture. The objective was to test the flight crew behaviour 
in approach phase and to get feedbacks about implementation choices for speed 
reversion in approach phase. 

 

C.2.3 Conclusion and main results 

C.2.3.1 First Evaluation Session 

Main results of this evaluation session are summarized here below. 

Operational feedbacks 

More information would be needed in order to know what are the consequences of not 
complying with the instructed spacing within the tolerances. 

Knowing the performance expected from the aircraft by the ATC systems would allow to 
better know the urgency to warn the controller about a non-compliance to the required 
spacing. 

Globally, pilots foresee the interest in having a traffic organisation better planned and earlier 
planned and to have such a tool to maintain this organisation so as to reduce the number of 
vectoring instruction while getting closer to destination. 

All flight crews clearly understood that the responsibility of ensuring separation from other 
aircraft was still on the ground side and provided feedbacks on the functional and HMI 
choices considering that no changes in this responsibility had occurred. 

 

Flight crew interface 

The ASAS sequencing & merging function was considered as globally easily usable thanks to 
the functional choice to have speed adjustments automated and not manually done by the 
flight crew. 

This allows guaranteeing a given level of performance that wouldn’t be guaranteed if the flight 
crew had to manually adjust the speed to maintain spacing. Moreover, having the flight crew 
in the loop of speed adjustment would increase the workload with a task where the flight crew 
has no added value. 

The HMI design was considered as intuitive from the target selection to the manoeuvre 
activation request and during the operations of acquisition and maintaining of spacing. 

Information presented on Navigation Display were considered as useful but a bit cluttering so 
a recommendation to propose another design containing only the needed elements for 
monitoring the ASAS spacing manoeuvre (during acquisition and maintaining phase) was 
requested: for that purpose the current spacing, the instructed spacing, and an indication on 
whether the current spacing is inside or outside the tolerance were considered as the only 
useful information to be presented on Navigation Display. 

Moreover, the indication displayed on Navigation Display when the current spacing is out of 
the tolerance was well appreciated as it was visible on the display mainly used for the 
monitoring of the spacing manoeuvre. However, the associated level of alert (red colour) was 
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considered as too alerting since the aircraft is requested to ensure a spacing, not a separation 
from the target aircraft. So, an amber display was considered as sufficient.  

The navigation through ASAS TRAF pages was considered as intuitive. Few simplifications 
were requested to get a quicker access to spacing information in order to reduce the risk of 
getting lost in the pages. 

The information displayed on the ASAS TRAF pages were considered as relevant, however 
some missing elements were noted when preparing a manoeuvre: flight crews expressed the 
need to get data allowing them to assess the feasibility of the spacing instruction and to 
anticipate the behaviour of the aircraft when starting the manoeuvre (current spacing value, 
ASAS speed calculated by the algorithm) before asking for the activation of an ASAS 
sequencing & merging manoeuvre.  

The need to provide an indication in PFD/FMA zone when ASAS sequencing & merging 
function is engaged was confirmed. Which indication and where exactly it should be provided 
lead to the conclusion that this point of design still has to be discussed and reworked. 

 

Workload 

The flight crew workload resulting from the use of the ASAS sequencing & merging function 
was considered as acceptable: the HMI is suitably designed and globally well adapted to the 
function. This is mainly due to the fact that the speed commands computed by the ASAS 
spacing algorithm are directly provided to the aircraft system. 

However; the complexity of ASAS sequencing & merging instructions and the difficulty to 
communicate with controllers in heavily loaded TMA might lead to difficulties at the initiation of 
the ASAS sequencing & merging manoeuvre. 

It has to be noted that, even if efforts were made in order to have a realistic audio 
environment (voice exchanges between the controller and other aircraft), it did not exactly 
reflect the real frequency load of Charles de Gaulle at peak hours and the associated 
difficulties found when intending to communicate. 

So, the use of datalink was foreseen as highly recommendable for several reasons: 

• Avoid the risk of misunderstanding of the instructions due to highly-loaded voice 
frequencies and complexity of instruction; 

• Risk for an aircraft designated as target to believe that the controller asks it to follow 
an instruction given to another aircraft; 

• Possibility of integrating the parameters of a given manoeuvre directly in the aircraft 
systems without having the flight crew to enter them manually, thus reducing risk of 
entry errors. 

All this arguments for the use of datalink also aimed at avoiding an increase of the flight 
crew workload. 

 

A/C behaviour 

The behaviour of the aircraft induced by the algorithm behaviour was considered as satisfying 
during the maintaining phase: once acquired, the spacing is rather easily maintained as far as 
aircraft performances are comparable and the difference between their respective altitude 
remains within “reasonable limits”.  

However, the algorithm behaviour during the acquisition phase of the “remain behind” 
manoeuvre needed to be improved. The dynamics of the acquisition had to be improved : 
instead of defining a fixed time of acquisition, this time of acquisition has to be adapted 
according to the initial conditions : 
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• If the required spacing is almost already acquired, no need to wait before starting to 
acquire the spacing; 

• If the requested spacing is far from the current spacing, the dynamics has to be 
adapted so that the acquisition remains within a maximum time of acquisition (set to 
300s, to be consolidated with performance needs on ground side).  

Concerning the range of values allowed for ASAS speed instruction: most pilots expressed 
the wish to have the lowest value limited to green dot rather than VLS. 

 

Crew task sharing 

Most flight crews agreed on the following work sharing: 

• PNF: communication, selection of the target A/C. 

• PF: monitoring of the ASAS sequencing & merging manoeuvre, disengagement of 
the ASAS sequencing & merging manoeuvre. 

However, the responsibility of the activation of ASAS sequencing & merging manoeuvre was 
not clearly identified as a PF or a PNF task. As it has an impact on navigation, it was thought 
to be of PF responsibility; but the fact that the TRAF pages would have to be displayed 
instead of NAV pages was considered as not easy nor recommended. Finally, the first 
conclusion was that the PF would delegate the activation of ASAS Spacing manoeuvre to the 
PNF, who has already the relevant TRAF pages displayed on his side, 

This conclusion would have to be discussed and confirmed during other evaluations sessions. 

 

Understanding and relevance of the ASAS sequencing & merging voice phraseology 

Flight crews globally found the voice phraseology used during the controller/pilots 
communications understandable. The consistency between the phraseology and the wording 
used in the HMI was appreciated. However, as this phraseology is not frozen yet in the 
standardization process (OSED etc…) so some exchanges may be reworked and modified. 

In such a case, the HMI would have to be adapted to these evolutions so that the coherency 
between the phraseology and the on board HMI is kept. 

 

Conclusion 

The flight crew outputs collected during the first evaluation session are positive about the 
utility and usability of the ASAS sequencing & merging function mainly due to the reduction of 
vectoring instructions and radio communication foreseen by flight crews. 

The flight crews found no specific difficulty in managing ASAS sequencing & merging 
function: the controller’s instructions, the interactions with the HMI, the information provided 
for the monitoring of the manoeuvre and the A/C behaviour were globally well understood 
even if some improvements were requested. 

 

C.2.3.2 Second Evaluation Session 

All flight crews appreciated the usability of the ASAS sequencing & merging function and all 
related information displayed in the primary field of view and in the TRAF pages.  

As during the first evaluation session, the ASAS sequencing & merging function was judged 
intuitive, simple and easy to use. Enhancement of the previous design was appreciated and 
other comments were added. 
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Communication and cooperation: ATC / Flight crew 

Pilots stated that the use of the voice was acceptable for this trial where the traffic is not 
dense; nevertheless in high-density TMA, they would recommend a datalink solution with the 
possibility to load the parameters of the instructed manoeuvre into the aircraft systems. This 
solution will be tested in the next evaluation session. 

 

Flight crew interface 

The design of the spacing indication was modified in accordance to the previous test session. 
Once again, all flight crews appreciated the usability of the ASAS sequencing & merging 
function. The simplification brought to the information displayed on Navigation Display was 
considered as satisfying and sufficient: only the required spacing, the current spacing were 
displayed. 

When the current spacing was outside of the tolerance, some specific indications were 
provided to the flight crew: change in the display of the current spacing value and display of a 
specific message. 

All crews considered the “ASAS” information displayed on FMA useful to inform when the 
ASAS sequencing & merging function is engaged. Flight crews also considered “ASAS” 
information as necessary as long as it is engaged and running whatever the flight phase, 
even when the ILS is captured. 

ASAS pages architecture was simplified and all flight crew found the navigation through the 
pages easier than during June evaluations. Indeed, a shortcut had been added in the Traffic 
List to give a direct access to the current ASAS “manoeuvre” page.  

Only one pilot raised the fact that there was still a lot of navigation through pages to set the 
manoeuvre, certainly due to the absence of rules regarding which page should remain 
displayed and when on MCDU, however, all pilots considered the navigation was extremely 
intuitive.  

Moreover, information displayed were found useful and comprehensive. In particular, the 
information added since the previous evaluation session, displayed during the acquisition 
phase, was very appreciated. It gave indication on when and where the spacing would be 
acquired and let the pilot anticipate the behaviour of the aircraft. 

The information provided during the acquisition phase if the spacing cannot be reached was 
well understood. 

If all pre-requisite are not present to engage an ASAS sequencing & merging manoeuvre, a 
message is displayed in ASAS pages. A majority of pilots considered this message as clear, 
understandable and necessary. 

 

Pre-requisites 

The ASAS sequencing & merging function is a fully integrated and automated function. The 
flight crew does not manually control the manoeuvre but it monitors the sequence of events 
and the spacing value. Thus, some pre-requisites are necessary to engage the manoeuvre 
(autopilot, auto-thrust and navigation mode have to be engaged).  

Two experimental pilots thought that the three pre-requisites (AP, ATHR and NAV) limit the 
range of use of the manoeuvre. However, company pilots do not necessary have the same 
skills as test pilots. According to one crew (training pilots), “full automation” is preferred to a 
manual following of the ASAS speed, for both training and company procedure. 
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ASAS managed speed 

Once engaged, the manoeuvre is entirely managed by the system and the pilot monitors the 
aircraft. The way the manoeuvre is engaged and managed was evaluated during the 
evaluation session. 

At ASAS sequencing & merging manoeuvre engagement, some pilots were confused 
regarding to the non-instantaneous aircraft reaction, due to the time-based spacing principle.. 

The way the algorithm works has to be clearly explained to pilots during the training sessions. 

 

Disengagement 

Once the ASAS sequencing & merging function is disengaged, there were two different 
options presented by flight crews concerning the expected behaviour of the aircraft:  

• The first opinion was to come back to the selected speed that is the current aircraft 
speed.  

• The other one was to revert to the FMS managed speed. 

In cruise or descent, if the ASAS sequencing & merging function is stopped, it will be due to 
an ATC clearance. The ATC will then give a speed clearance and an altitude clearance. So 
the first proposal was considered as good in that flight phase. 

But, when the DECEL point is sequenced, the crew is processing to land, therefore they 
expect to target Vapp.  

To conclude, the following proposition was made to improve the current design: 

• Keep a reversion to selected speed when the DECEL point has not been 
sequenced. 

• Revert to Vapp at manoeuvre stop when the DECEL point has been sequenced. 

 

Algorithm behaviour:  

Some pilots were disturbed by the fact that the system displayed the “ASAS SPACING: 
MISSED” message whereas the instructed spacing could be reached after a short time. They 
stated that with the target aircraft evolution (ground speed change, turn, etc…) that they 
would have quickly recovered the required spacing and considered the algorithm not robust 
enough. Some flight crews also determined before the system the unfeasibility to maintain the 
instructed spacing. They considered that the system was too slow to alert them. 

The algorithm has to be reworked to anticipate the behaviour of the target aircraft so that it 
can provides reliable and reactive indication to the flight crew about the feasibility or not of a 
manoeuvre. 
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C.3 GROUND EVALUATIONS 

C.3.1 Summary of experiment and strategy planning 

C.3.1.1 Evaluation Session 

C.3.1.1.1 Objectives 

This evaluation of the ASAS Sequencing & Merging function from an ATC viewpoint was 
carried out on the Airbus EPOPEE platform (Toulouse) during several working sessions in the 
first semester of 2009, and during a formal demonstration to ATC controllers and operational 
experts (belonging to EUROCONTROL 1) organised on 25/11/2009. 

This demonstration was combined with the one related to “Initial-4D transition to ASAS" (refer 
to Annex D). 

Thales technical experts in the field of ATM and avionics also attended the working sessions 
and the demonstration, in order to bring their technical support and share their expertise. 

The goal was threefold: 

• Get a feedback from an ATC viewpoint on the acceptability and feasibility of the 
proposed new operational procedures regarding ASAS sequencing & merging;  

• Collect comments on the ground ATC system (Thales Air Systems EUROCAT) 
ability to support the operations (e.g. HMI); 

• To identify and discuss ways of improvements. 

 

C.3.1.1.2 Evaluation conditions and methodology 

The principle of the evaluation was to run an operational scenario on the air / ground 
EPOPEE platform simulating an operational environment (specified in D6.2-01), depicted on 
the following figure:  

The following methodology was followed to collect the feedback of the ATCO's and 
operational experts: 

• Reminding the ASAS sequencing & merging operations principles in order to share 
a common view between participants; 

• Presenting the scenario (identified as "Scenario 4 - ASAS sequencing & merging - 
2" in D6.4-01). The slides of this presentation are included in C.1 - Overview of 
scenarios; 

• Presenting the air / ground system configuration supporting the scenario run; 

• Running the scenario with the ATC controllers and operational experts, and 
recording any significant or unplanned event that impacted the progress of the 
scenario; 

• Debriefing with the ATC controllers and experts. 

 

                                                
1 EUROCONTROL Experimental Centre and MUAC. 
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EUROCAT + ATG (Thales)

Configuration

FMS PC (Thales)

EPOPEE

0906Z FROM LFPG OPEN

STBY*

WILCO*

*UNABLE 

*LOAD 

CROSS LARPO AT 13:13:20Z 

+/10SEC

0906Z FROM LFPG OPEN

STBY*

WILCO*

*UNABLE 

*LOAD 

CROSS LARPO AT 13:13:20Z 

+/10SEC

0906Z FROM LFPG OPEN

STBY*

WILCO*

*UNABLE 

*LOAD 

CROSS LARPO AT 13:13:20Z 

+/10SEC

Air / Ground 
Datalink 

(4D-Traj, CPDLC, 
CTA, ASAS, 

surrounding traffic)

Display of 

CPDLC messages

RTA 
loaded in 

FMS

EPOPEE cockpit (Airbus)

DCDU

MCDU MCDU

 

 

C.3.2 Conduct of validation exercise runs 

C.3.2.1 Test Session Description 

The overall duration of the evaluation session was around 3 hours including the presentation, 
the scenario run and the debriefing. 

C.3.2.2 Training of the controllers 

A briefing on the operational background of the Initial-4D and ASAS sequencing & merging 
operations was given to the interviewed ATC controllers and operational experts. 

A presentation of the air / ground simulation platform was given, followed by a focus on the 
ATC System (Thales EUROCAT) and the Air Traffic Simulator (Thales ATG-X) interfaces. In 
particular, Thales Air Systems representatives described the new or modified functions that 
had been implemented to support the new procedures. 

C.3.2.3 Scenario 

The scenario aimed at evaluating the so-called "third ASAS sequencing & merging 
manoeuvre " (i.e. "Heading then Merge then Remain behind") in a nominal situation. 

The scenario demonstrates the use of two successive "Heading then Merge then Remain 
behind" ASAS sequencing & merging manoeuvres to build a sequence of aircraft in the 
Roissy CDG TMA. 

The scenario begins with a situation where the ATC has started to build a sequence of aircraft 
by means of conventional control procedure of by a pre-sequencing technique like "Initial 4D". 
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The controller will change the type of control procedure, switching to an ASAS sequencing & 
merging procedure in order to fine tune and maintain this sequence. The ASAS sequencing & 
merging instruction will enable first to adjust the spacing, then to maintain it between aircraft 
down to the final approach fix. The controller has first to insert and maintain the EPOPEE 
aircraft 180 seconds after a first target aircraft. Then he/she will insert EPOPEE 90 seconds 
behind another target aircraft. 

 

D6.4-01 ("Technical Validation Scenarios") provides a detailed description of this scenario #4. 

 

C.3.2.4 Exercise execution 

Four Air Traffic Controllers and ATC operational experts participated to the evaluation. They 
brought their experience and expertise to assess operational, and HMI aspects. After the 
presentation of the air/ground configuration, they focused their attention on the ATC system 
(EUROCAT) and the Air Traffic Generator (ATG-X). By staying close to the EUROCAT CWP 
and ATG-X screen, they were able to follow the detailed interactions done on the EUROCAT 
CWP and the ATG-X screen. Thales and Airbus technical experts performed the interactions. 

An observer took note of the comments made by the participants during the run. 

 

C.3.2.5 Debriefing 

A debriefing was the conducted to gather the feedback form the participants.  

The discussion took place around the comments related to each step of the scenario. 

In addition, a questionnaire prepared before the session, was distributed to the Air Traffic 
Controllers and operational experts, and filled in after the meeting, due to time constraints. 

 

C.3.3 Main results 

The main comments and results of the evaluation session are summarized below. 

Note: some of them may also apply to the "“Initial 4D” TRANSITION TO ASAS " scenario 
evaluation (Annex D) or vice-versa. They have been inserted in the most relevant section. 

 

C.3.3.1 Comments on the operational procedures 

The following remarks are related to the operational procedures implemented in the scenario. 

• General comment: ATC mainly uses distance-based separation today. Spacing 
based on time is a big step. 

• Is it better to send the whole ASAS sequencing & merging instruction in a single 
message, or in 2 subsequent messages? 

o By datalink it must be transmitted in a single message: this is more 
convenient for the pilot. 

o Nevertheless, it might help the pilot if a prior notice would be given 
beforehand (to get him prepared before the manoeuvre in order to be able to 
check if the procedure is feasible). 

• Time spacing value given in some of the ASAS sequencing & merging instructions 
should be selected to be closer to operationally used values (e.g. 150 sec used in 
ASAS sequencing & merging simulations may have an adverse effect on airspace 
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capacity by decreasing it: MUACC today works with flights at approach handover 
with a spacing of about 10 NM and close to 5 NM in dense traffic situations, i.e. less 
than 150 sec). 

• Regarding the 3rd manoeuvre, the operational experts explained that since the 
instructed aircraft will stray from its trajectory, a buffer space would be needed 
around the dogleg. Observations were also made on the lateral manoeuvring 
distance of several miles, and it was also pointed out that there are other aircraft in 
the sector and the controller is providing separation to all. This buffer space should 
be larger in higher altitude because the aircraft speed is higher, which increases the 
heading section and the turn radius when turning to the merge point. During the 
ASAS sequencing & merging simulation carried out at EUROCONTROL Brétigny, 
this is one of the problems that were faced. This does not contribute to an increase 
of the air space capacity. 

• Another remark about the 3rd manoeuvre dogleg was that it could increase the 
complexity for the control if it was leading the aircraft to cross a sector that should 
not be concerned by the flight. 

• Should the ASAS sequence of aircraft be built on "connecting" each aircraft one 
after the other, or should there be a unique "leader" (or target) with all the others 
following it with increasing time distances? 

• What can happen if the aircraft that is the head of the ASAS train has a behaviour 
that becomes not compatible with the followers? 

• There should be a preliminary prerequisite related to the speed compatibility 
(common class of aircraft?) allowing the following aircraft(s) a minimum 20 kts 
speed excursion (capability of 4 to 6 sec per minute of procedure) in order to be 
able to perform efficient relative spacing.  

• Navigation performance is also an issue. An actual 0.3 Nm navigation performance 
(Estimated Position Uncertainty required for most approaches) on each aircraft is 
equivalent to a relative 10 sec spacing uncertainty (nominal 90 sec spacing should 
therefore practically be instructed as 100 sec ASAS spacing). 

• More generally, the simulations showed that hazards and safety cases would have 
to be assessed.  

• Wind has also an impact on relative spacing when the following aircraft deviates 
from more than 90° from the target aircraft course (case of “downwind” leg)   

• Structured routes and specific corresponding procedures should be defined in order 
to be able to perform the 3rd manoeuvre more easily for the “dogleg” section. There 
is an analogy to make between the heading then dogleg steps and the sequencing 
leg of the "Point Merge" operations, the difference being that in ASAS sequencing & 
merging 3rd manoeuvre, the ASAS aircraft decides when it leaves the route and 
undertakes ASAS sequencing & merging. 

In other words, the airspace design would include pre-established doglegs that an 
instructed aircraft could follow in case it has to execute a 3rd manoeuvre.  

Advantage for the ATCo: this would increase by far the predictability of the path that 
will be followed by an instructed aircraft during a 3rd manoeuvre (would reduce the 
corresponding uncertainty for the ATCo). 

• The simulation shows that in the case of a 2nd manoeuvre, when the two routes are 
merging with an angle that is not important, the time spacing should not be 
guaranteed only from the merge point but also before it (otherwise, because the 
spacing time instruction from the merge point is reduced to the minimum, the 
separation may not be respected in the route segments that precede the merge 
point). 
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Please refer also to C.4 - Questionnaire filled in by EUROCONTROL MUAC. 

 

C.3.3.2 Situation awareness of the ATCO's 

The situation awareness of the ATCO is a key issue: 

• ATC does not want the ASAS sequencing & merging instruction (particularly the 
HEADING instruction) to be an open-loop instruction.  

• In order to get reliable predictions, there should be a “de-selection” ASAS point 
beyond which the ASAS sequencing & merging procedure is assumed to revert 
back to approach with scheduled approach speed as aircraft must be prepared to 
extend flaps and gear and land at the appropriate speed.  

• Should ATC be permanently kept aware of what the instructed aircraft is doing? If 
so, should the ASAS sequencing & merging manoeuvre be permanently monitored 
by ATC tools? Or would it be sufficient to get alerts in case of predicted conflicts? 

• Can we rely only on the ATCo spacing skill and mental prediction of the dogleg that 
will be followed by the aircraft during a 3rd manoeuvre? 

 

C.3.3.3 ATC system (EUROCAT) support to ATCo tasks  

• An operational expert explained that for the 3rd manoeuvre, the controller would 
need a complete representation of the instructed aircraft manoeuvre and thus 
airspace used, therefore the point where the aircraft will turn to rejoin the merge 
point. This additional point, computed by the FMS should be downlinked in the 4D 
trajectory and displayable on the controller working position. Possibly, this specific 
point should be an input of a TCT tool (alerting).  

• The type of transition on the turn point should also be indicated. Today, it is a fly-by. 

• Should the ATC system include tools that would, before actually issuing the 
instruction, predict the trajectory ("dogleg") that will be followed by the instructed 
aircraft in a 3rd manoeuvre, in order for the controller to make it sure that it is 
achievable safely? In this case, a model of the response time to trigger the 
manoeuvre should be used by the ground tools (including the response time of the 
aircrew). 

 

C.3.3.4 ATC system (EUROCAT) HMI 

• For the 3rd manoeuvre, EUROCONTROL confirmed that the controller should input 
the heading manually (this is the implementation selected in EPISODE-3 WP6). 

 

C.3.3.5 Workload for the Air Traffic Controllers 

• An operational expert out that the new ASAS sequencing & merging function should 
reduce the amount of instructions (voice or data link) to pilots as much as possible. 
Observations were made of a large amount of instructions, particularly during the 
manoeuvre initialisation. 
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C.3.3.6 Communication and cooperation with the aircrew 

EUROCONTROL confirmed that "WILCO" issued by an aircrew means that the aircraft will 
execute the instruction right away. 

 

C.3.3.7 Conclusion 

The activities undertaken in EP3 WP6 have achieved the goal to prototype in the ATC system 
(EUROCAT) and in the Air Traffic Simulator (ATG-x) the main functions required to support 
the run of the ASAS sequencing & merging scenario for evaluation. 

EP3 D6.3-01 ("Requirements for technical validation") had identified the validation objectives 
apportioned to WP6. The following table summarises the results of the WP6 exercises 
derived from these exercises. 

 

 

Id Objective Exercise Result 

14 

Assess the ability to provide efficient 
tools to the pilot to execute an 
ASAS Sequencing & Merging 
manoeuvre. 

Measurement of performance of 
ASAS spacing procedure in term of 
integrity, accuracy and stability. 

Please refer to the "AIRBORNE" section (C.2 - Airborne evaluations) 

15 
Assess the ability to initiate an 
ASAS Sequencing & Merging 
manoeuvre via datalink. 

This objective has been achieved by means of scenario 4 addressed 
in this annex.  

17 

Assess CWP HMI capability of 
presenting necessary information to 
monitor Aircraft during an ASAS 
sequencing & merging manoeuvre. 

This objective has been achieved by means of scenario #4 
addressed in this annex.  

Comments pertaining to the way of improving the EUROCAT CWP 
HMI have been captured and discussed (refer to §C.3.3.4 - ATC 
system (EUROCAT) HMI) 

18 

ASAS sequencing & merging 
experiments are using both voice 
and datalink. Capture pilots and 
controllers preference for media 
addressed by 6.4.3. 

This objective has been achieved by means of scenario #4 
addressed in the present annex and scenario #5 addressed in D. 

In order to avoid duplication, the Controllers preferences that have 
been captured are reported in §C.3.3.6 - Communication and 
cooperation with the aircrew 

19 

Define the data to be downlinked 
during an ASAS sequencing & 
merging manoeuvre and check that 
it is sufficient for the controller to 
monitor the ASAS sequencing & 
merging manoeuvre. 

EP3 has tacked this objective, and comments / issues have been 
raised. This will have to be further investigated in the SESAR 
projects pertaining to ASAS sequencing & merging. 

 

The participants consider the new operational procedures studied and evaluated in 
EPISODE 3 as very promising. 

Gathering simultaneously expertise in most of the fields related to this evaluation proved to be 
very fruitful. This lead to confirm choices made by the WP6 partners, and to identify concrete 
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issues. It is recommended that the results of WP6 be used as a starting point for SESAR 
projects addressing ASAS sequencing & merging. 
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C.4 QUESTIONNAIRE FILLED IN BY EUROCONTROL MUAC 

 

Phase of the scenario  

Start of scenario (EPOPEE aircraft "THL1001" simula tion 
begins with the aircraft positioned a little bit be fore 
LIMGO). The route planned in the FMS and the associ ated 
flight plan route managed in the EUROCAT are consis tent.  

 

ATC requests the A/C ADS-C contract (automatic downlink of 
4D-Traj periodically and upon change) 

Note: not yet implemented but to be taken into account in the 
evaluation  

 

'HEADING THEN MERGE THEN REMAIN BEHIND' ASAS 
MANOEUVRE (FIRST TIME) 

Potential comment on the step  

As for Initial Scope. 

General comments from previous sheets apply here as well. 

What are today's actions to reach equivalent result s? 

Almost identical to the ASAS sequencing & merging manoeuvre: 

An initial heading is passed (if the a/c are close then the DLH would also be instructed) 

The THL1001 would be monitored and when it is judged that the return to own navigation to 
RENSA would provide the correct spacing returned to own navigation 
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Phase of the scenario  

Speed control would be used to maintain the spacing 

What would the ATCo do to implement this phase? 

The most difficult part of this manoeuvre for the ACTO would be assessing whether or not it is 
initiated in time, and at the time of initiation the size of the initial turn needed to create the space. 

The second of these points is similar to the heading described in the toady's actions column and 
the first may be solved by familiarity with the procedure (latency is relevant here). 

It would also be important for the controller to have a back-up plan to obtain the spacing in case 
of the aircraft not being given the instruction in time or being unable to meet the spacing. This is 
far more relevant in this manoeuvre than in the other cases as the complexity is increased, 
however it could be considered that this is a safer procedure in terms of the risk of loss of 
separation as the initial heading can be chosen such that it would ensure separation (assuming 
the THL1001 would not turn back too early, only ever too late). 

From the scenario runs it would also be necessary to see if their was a more efficient way of 
achieving the spacing as the flight actually made an "S" shape manoeuvre creating a lot of extra 
flight miles. 

What would be the benefit for the ATCo, if the new procedure were implemented? 

With system support this further decrease control workload 

Would it be possible to use ASAS sequencing & merging between the AFR and the CPA and 
add on the THL1001 with the merge behind? 

What would be the drawback for the ATCo, if the new  procedure were implemented?  

Latency issues would become more relevant in this manoeuvre; if the heading instruction was 
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Phase of the scenario  

delayed the manoeuvre may not be capable of being carried out. 

The volume of the airspace used here would need to be known - effectively the controller is 
giving it away to the two a/c. Hence a downlink of the return point would be required (or the 
ground system would calculate it's own return point). 

The controller displays the Traffic Management List on RENSA 

- Flight DLH4344 will merge with THL1001 at RENSA. 

- EPOPEE aircraft (THL1001) is estimated over RENSA at a 
time too close to DLH4344 for a correct sequencing at the 
arrival. 

 

Once THL1001 has crossed LIMGO, the controller opens the 
ASAS sequencing & merging menu and instructs via CPDLC 
(single message) the aircrew of THL1001 to select the 
DLH4344 target, to turn right, to take heading HHH (exact 
value will be decided according to the current spacing with 
DLH4344) then merge on RENSA then maintain a time spacing 
behind this target ('Heading then Merge then Remain behind' 
instruction). 

Potential comment on the step   

Although this is the scenario the THL1001 does not need to have passed LIMGO - it may be 
more efficient to issue the instruction before. 

The EPOPEE aircrew identifies the target on its Navigation 
Display, loads the instruction in the traffic computer and 
responds WILCO to the instruction. 
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Phase of the scenario  

A few minutes after THL1001 has crossed RENSA, the 
controller terminates the ASAS sequencing & merging 
manoeuvre of THL1001 by selecting the target cancellation in 
the ASAS menu and instructs the pilot of EPOPEE aircraft to 
cancel the ASAS spacing.  

 

The pilot stops the ASAS sequencing & merging procedure 
and temporarily returns in vertical selected mode 

 

'HEADING THEN MERGE THEN REMAIN BEHIND' ASAS 
MANOEUVRE (SECOND TIME) 

Potential comment on the step  

As for Initial_4D 

What are today's actions to reach equivalent result s? 

What would the ATCo do to implement this phase? 

What would be the benefit for the ATCo, if the new procedure were implemented? 

This procedure will solve the issue raised in ''MERGE THEN REMAIN BEHIND' ASAS 
MANOEUVRE:" described on the previous sheet of ensuring separation at he merge point 

What would be the drawback for the ATCo, if the new  procedure were implemented?  

Once THL1001 has crossed RENSA, the controller opens the 
ASAS sequencing & merging menu and instructs via CPDLC 
(single message) the aircrew of THL1001 to select the 
AFR0566 target, to turn left, to take heading HHH (exact value 
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Phase of the scenario  

will be decided according to the current spacing with AFR0566) 
then merge on SOLBA then maintain a time spacing behind 
this target ('Heading then Merge then Remain behind' 
instruction). 

The EPOPEE aircrew identifies the target on its Navigation 
Display, loads the instruction in traffic computer and FMS and 
responds WILCO to the instruction. 

 

The ASAS sequencing & merging manoeuvre continues, with 
intermediate descent level clearance, until THL1001 reaches a 
"low" altitude, automatically finishing the ASAS sequencing & 
merging manoeuvre.  

 

End of scenario (just before landing).   
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