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Goal

� Operational assessment of the Contract Of Objectives 
Concept through three successive HILs focusing on:
• HIL1 : Impact of the CoO and TW management between

ATCOs
• HIL2 : Impact of the CoO and TW management between

ATCOs and pilots
• HIL3 : Evaluation of the renegotiation process in case of TW 

not fulfilled, involving airport, airline and ANSP.

� Proof of Concept Study, following E-OCVM
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The CATS operational assessment is 
focused on the En-route part and 
covers the V1 level (Scope) and V2 
level (Feasibility) of the Level of 
Maturity.
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Hypothesis

� CoO implementation allows safe operations .
� CoO is still manageable even with increase of traffic as foreseen 

in 2020.
� CoO implementation affects positively the flight within the sector 

(flight duration ...).
� Implementation of TWs ensures the respect of schedule .
� TWs integrate flexibility to cope with uncertainty .
� The working methods offered to ATCOs and pilots, as a result of 

the CoO implementation, are feasible and acceptable (task 
sharing, role and responsibility, as well as the offered support 
tools ).

� Implementation of CoO does not impose significant additional 
workload to ATCOs or pilots .

� Renegotiation of TWs is manageable for airport, airline and 
network manager staff.
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Methodology

� Evaluation principles:
• SESAR KPAs (Key Performance Area): system performance

4 KPAs are applicable for CATS

� Safety
� Capacity
� Efficiency
� Predictability

• Objectives relating to human performance
� Workload
� Situational Awareness
� Activity 
� Collaboration/communication
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Experimental environment

� Traffic :
• Real traffic
• Traffic load has been adapted to the airspace

• Current level of traffic (2008)
• 2020 traffic load (EUROCONTROL STATFOR)

� 2 sectors measured

� 5 airports 
Geneva, Milano, Zurich, 

Marseille, Lyon

KL1

FL275 – FL345

MI1

FL275 – FL345
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Experimental environment

� Simulation facilities
• Skyguide platform (operational platform adapted by SkySoft)
• 2 cockpits (Microsoft Flight Simulator)
• CDM platform, designed by FRQ, with the three actors positions
• No pseudo-pilot:

• Automatic order execution by aircraft
• Automatic “hand over” / “assume” by feed sectors
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Experimental plan (1)

� Independent variables:
• With and without TWs
• 2 levels of traffic (2008/expected in 2020)

• Disruptions (nominal & non nominal scenario)

• 5 renegotiation triggers (destination airport closure, + operational 
management of two aircraft from the same airline, forbidden airspace, 
aircraft windshield crack, entry into ECAC area modified) 

� 4 similar traffic scenarios
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Experimental Plan (2)

� Dependent variables:
• Workload

� Instantaneous self-assessment (ISA)

� NASA – Task Load Index (NASA-TLX)

• Situation Awareness
� SASHA-Q (Situation awareness for SHAPE – Questionnaire)

• ATCOs' performance
� Overt The Shoulder observation grid (OTS rating scales, FAA)

• Working methods
� Post run interviews

� Post experimental questionnaires

� ATCOs & Pilots communications - ATCOs orders- Acceptability & Usability

• Performance measurements (SESAR Key Performance Areas)
� Safety : Separation Performance Indicators, questionnaire on risks & 

hazards

� Efficiency: Flight duration, fulfilled TW, renegotiation duration, fuel burnt
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Conduct of the experiments

� 3 HILs:
• Oct 2008 : 2 weeks
• Oct 2009 : 2 weeks
• Jun 2010 : 1 week

� Location: Skyguide premises – Geneva

� Subjects:
• 4 controllers experienced in En-route ATC (ENAV)
• 2 experimented pilots (AF)
• 1 Network Manager (ENAV), 1 Airline operational staff (AF) and 1

airport operator (Zurich).
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Results

� Human Performance
• Workload
• Situation Awareness
• Acceptability and usability
• Communication / Collaboration
• Working methods

� System Performance
• Safety
• Efficiency
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Results : Human performance 
Workload

• Measured through ISA and NASA-TLX (+ statistical test Wilcoxon)

• Assessed also through questionnaires and debriefing s
• Comparison between 2 similar traffic situations: with/without TWs & 

with/without renegotiation.

ATCOs not impacted by 
TWs and renegotiation 
(only by traffic load). 
Renegotiation evaluated 
as easy

Pilots impacted by TWs and 
renegotiation

Actors’ workload evaluated 
as fair but also depends 
on the number of 
renegotiations.
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Results : Human performance 
Situation Awareness

• Measured through SASHA questionnaires (+ statistical test Wilcoxon)

• Tackled during debriefings
• Comparison between 2 similar traffic situations: with /without TWs & 

with/without renegotiation.
ATCOs not impacted by TW 

and renegotiation (only 
by traffic load).

SA always high.

Similar results for pilots, 
except for the 
renegotiation

Renegotiation process and 
sharing of data increased 
Actors SA
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Results : Human performance 
Acceptability and Usability

� Concept has been described by pilots and ATCOs as:
• Feasible & Acceptable
• TW was manageable, for 2008 as well as 2020

• Traffic volume constrained ATCOs more than the TWs

� Renegotiation process has been described as:
• Easy to apply by ATCOs (need of data-link)
• HMI not fully supporting pilots needs (CDU improvements, speed with 

new set of TWs, data-link with AOC…)
• Feasible & acceptable by the actors, with some improvements closer 

to operations (a/c size for APOC, NOTAM for NM…)

� The proposed training provided sufficient knowledge about the 
concept, platform, HMI and tools, except for the AOC.
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Results : Human performance 
Communication/collaboration

• Controller communication duration with 
piloted aircraft shows no significant difference 
between “with TW” and “without TW”
whatever the traffic load conditions

• No particular need for specific phraseology

• Communication increased between AOC and 
crew during renegotiation (lack of speed 
data)

• Collaboration between ATCOs depends on 
the nature of the changes in the new set of 
TWs. Depends also on the number of 
renegotiations.����������	
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• Communication duration measured

• Mainly based on questionnaires and debriefings
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Results : Human performance 
Working methods

� Pilots and ATCOs affirmed that TWs implementation 
induces no particular changes in their working methods
• TW management was considered as a task mainly for PLN, for 

traffic preparation.
• TW management was considered as a PF task 

� Safety remains always the first priority
• Conflict resolution first, then TW achievement 

� Collaboration
• Aircraft intentions are more shared between operators
• Not impacted between ATCOs
• Pilots have the feeling that TW implementation could slightly 

increase the communication between the aircrew.
• Impact due to the renegotiation with AOC
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Results : System performance

� System performance
• Safety
• Efficiency
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Results : System performance
Safety

• No loss of separation

• Majority of the traffic is 
maintained at more than 10Nm 
and 1000ft

• Pilots and ATCOs felt that Safety 
was not impacted by TWs or 
renegotiation.

• Measured through number of STCA and SPT tool

• Tackled during debriefings and questionnaires
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Results : System performance
Efficiency

• The flight durations "with TW" are 
closer to the reference than "without 
TW" whatever the traffic load 
conditions. 

• Percentage of TWs out very low (< 
3%) & not significant (p<0,05) 
between the two traffic load 
conditions whatever the controlled 
sector. It was assessed fully 
manageable by operators.

• Duration of renegotiation average is 
2 minutes and 3 seconds, assessed 
fully acceptable by operators.
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Conclusions

� Concept:
• CoO concept is manageable and acceptable with the 2008 & 2020 

traffic loads, without any impact on Safety.
• Collaboration between crew and ground increased
• ATCOs and pilots agreed CoO could optimise ATM system. 

� However, the forecast increase of traffic remains a limitation. New tools are 
required to support the traffic load.

• Renegotiation manageable without major impact on activity.
• Participants agreed on “flying what was planned & negotiated”

opposed to “1st come/1st served” concept.
• Participants found advantages of sharing information and collaborative 

decision making (better use of resources, global solution for the 
system)

� Methods:
• Successful use of known techniques, mixing HILs and Gaming
• Assessments reaching the limits => difficult to assess local part (2 

sectors) and global part (CDM) of a system, as the goals are quite 
different
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Conclusions

� The CoO concept proposes a global approach for the overall 
ATM : 
• It proposes a change from a first-come/first-served approach to 

a real collaborative decision making system , 
• It changed from slots management to TTA management , 

organizing RBT through TWs
• It allows cohabitation between different models of 

organization
• It keeps local reactivity to cope with a part of uncertainty

� CoO is a possible driver for implementing the SESAR Business 
Trajectory

� CoO is also a concrete possibility for SES to monitor 
performance
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Thank you for your attention!

www.cats-fp6.aero/ www.eurocontrol.int/eec/cats
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HIL3

� Trigger 1: destination airport closure. 
� Trigger 2: destination airport closure and operational 

management (swap) of two aircraft from the same 
airline. 

� Trigger 3: sudden forbidden airspace. 
� Trigger 4: aircraft windshield crack. 
� Trigger 5: entry into ECAC area modified. 
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Results : Human performance 
Workload

� Measured through ISA and NASA-TLX for ATCOs, NASA-TLX for pilots

� Tackled during debriefings and questionnaires for actors
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• No significant impact for ATCOs: 
they find the renegotiation process 
easy to manage

• Significant impact for pilots, mainly 
due to HMI issues and a lack of data 
during the discussion with AOC.

• No impact on workload for the three 
actors. Perception increases when 
number of renegotiation is high, but 
remains fully acceptable.
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Results : Human performance 
Situation Awareness

• Measured through SASHA questionnaires (+ statistical test Wilcoxon)

• Tackled during debriefings and dedicated questionnaires

• No impact for the ATCOs, new set of 
TWs was analysed as an a/c 
entering in the sector, with more 
information on HMI.

• Significant impact for pilots, but 
remaining around the level 5 
(comfortably acceptable)

• SA increased by the access to the 
other actors’ data, but some 
information were not available 
(NOTAM, entry time in a sector..)
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Results : Human performance 
Acceptability and Usability

� HMI proposed for renegotiation has been described by 
ATCOs as usable and easy to learn 

� Lack of some relevant data for pilots (add the aircraft 
speed in the new set of TWs, show that the aircraft is 
under renegotiation, integrate electronic messages 
between crew and AOC…)

� Platform proposed to the actors was a prototype to 
support the gaming exercises and was judged easy to 
use, even if some improvements could be added:
• Tool for sorting out the traffic according to specific variable of 

each actors (FL or AC type)
• Highlight the change in the FPL
• Adding some data for the airport needs, Notam for the NM
• More friendly HMI (no double click) for AOC
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Results : Human performance 
Communication/collaboration

� Actors:
• Collaborative process is the most relevant (compare to the 

cooperative process)
� Collaborative: AOC sends an electronic proposal after 

having a look on actors data, agreement or not by APOC 
and NM, AOC validates and sends the new set of TWs.

� Cooperative: AOC discusses by RT, find an agreement with 
APOC and NM, send it electronically, APOC and NM 
validate, the new set of TWs is activated.

• AOC has the central role (initiation and final validation)
• Triggers do not impact the process
• Electronic messages to support communication
• Access to other actors data improve the quality of the decided 

solutions.
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Results : Human performance 
Communication/collaboration (2)

� ATCOs:
• Need to collaborate between ATCOs depending on 

the size and nature of TWs changes
• Duration of renegotiation could increase 

communication between crew and ATCOs.
� Pilots

• Electronic messages needed to increase efficiency 
of communication with AOC

• More communication needed with AOC due to the 
lack of speed data when receiving a new set of TWs.
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Results : System performance
Safety

• No loss of separation were observed.
• Pilots and controllers agree the renegotiation 

process does not impact (neither positively or 
negatively) safety, whatever the traffic load.
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Results : System performance
Efficiency

• Relevant indicator is the duration of renegotiation p rocess
• Duration was assessed as fully acceptable by the act ors and 

acceptable by the operators (pilots and controllers). 
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Conclusion

� Renegotiation process was properly and safely managed with the 
capacity expected in 2020, without any impact on safety.

� The HIL3 results confirm HIL2 results for TW use. In addition, 
results show the feasibility and acceptability of the renegotiation 
process from an operational and systemic point of view when 
CoOs cannot be fulfilled and require a new set of TWs.

� Actors (NM, AOC and APOC) are very positive about the concept. 
The renegotiation procedures were found to be very useful for 
increasing collaboration between actors and the relevance of the
proposed solutions (new set of TWs). 

� The principle of sharing the operational data of others actors is a 
great improvement in the way the choices are made and validated.

� Operators (controllers and pilots) found the renegotiation process 
to be fully manageable without major impacts on their activity. 
However, pilots clearly expressed the negative impacts of the 
simulation platform and HMI limitations on their activities.


