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iFly
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iFly project and motivation

� Innovative project for EC DGInnovative project for EC DGInnovative project for EC DGInnovative project for EC DG----TREN (6TREN (6TREN (6TREN (6thththth Framework)Framework)Framework)Framework)
– Partners: 11 Partners: 11 Partners: 11 Partners: 11 universitiesuniversitiesuniversitiesuniversities + 7 + 7 + 7 + 7 fromfromfromfrom ATM/ATM/ATM/ATM/aviationaviationaviationaviation
– iFlyiFlyiFlyiFly project project project project durationdurationdurationduration: May 2007: May 2007: May 2007: May 2007---- August 2010August 2010August 2010August 2010
– Total Total Total Total efforteffortefforteffort: ~ 50 : ~ 50 : ~ 50 : ~ 50 personpersonpersonperson----yearsyearsyearsyears

� Motivation:Motivation:Motivation:Motivation:
– Free Flight (airborne self separation) has been Free Flight (airborne self separation) has been Free Flight (airborne self separation) has been Free Flight (airborne self separation) has been ““““inventedinventedinventedinvented”””” as a as a as a as a 
potential solution for high traffic demand airspacepotential solution for high traffic demand airspacepotential solution for high traffic demand airspacepotential solution for high traffic demand airspace

– During recent years ATM community research trend is to direct seDuring recent years ATM community research trend is to direct seDuring recent years ATM community research trend is to direct seDuring recent years ATM community research trend is to direct self lf lf lf 
separation research to situations of less demanding airspaceseparation research to situations of less demanding airspaceseparation research to situations of less demanding airspaceseparation research to situations of less demanding airspace

� BuildsBuildsBuildsBuilds onononon theoreticaltheoreticaltheoreticaltheoretical resultsresultsresultsresults of of of of HYBRIDGEHYBRIDGEHYBRIDGEHYBRIDGE project project project project forforforfor EC EC EC EC DGDGDGDG----INFSOINFSOINFSOINFSO
(2002(2002(2002(2002----2005)2005)2005)2005)
– NovelNovelNovelNovel methodsmethodsmethodsmethods in rare in rare in rare in rare eventeventeventevent modellingmodellingmodellingmodelling and and and and estimationestimationestimationestimation
– NovelNovelNovelNovel methodsmethodsmethodsmethods in conflict in conflict in conflict in conflict modellingmodellingmodellingmodelling and and and and resolutionresolutionresolutionresolution
– Accident risk Accident risk Accident risk Accident risk simulationsimulationsimulationsimulation resultsresultsresultsresults forforforfor MediterraneanMediterraneanMediterraneanMediterranean SelfSelfSelfSelf SeparationSeparationSeparationSeparation
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iFly participants
1.1.1.1. NLR (NL)NLR (NL)NLR (NL)NLR (NL)

2.2.2.2. Honeywell (CZ)Honeywell (CZ)Honeywell (CZ)Honeywell (CZ)

3.3.3.3. ISDEFE (ES)ISDEFE (ES)ISDEFE (ES)ISDEFE (ES)

4.4.4.4. Univ. of Tartu (EE)Univ. of Tartu (EE)Univ. of Tartu (EE)Univ. of Tartu (EE)

5.5.5.5. Athens U. Economics & Business (GR)Athens U. Economics & Business (GR)Athens U. Economics & Business (GR)Athens U. Economics & Business (GR)

6.6.6.6. ETH Zurich (CH)ETH Zurich (CH)ETH Zurich (CH)ETH Zurich (CH)

7.7.7.7. LLLL’’’’Aquila University (IT)Aquila University (IT)Aquila University (IT)Aquila University (IT)

8.8.8.8. PolitecnicoPolitecnicoPolitecnicoPolitecnico didididi MilanoMilanoMilanoMilano (IT)(IT)(IT)(IT)

9.9.9.9. Cambridge Univ. (UK)Cambridge Univ. (UK)Cambridge Univ. (UK)Cambridge Univ. (UK)

10.10.10.10. NTU Athens (GR)NTU Athens (GR)NTU Athens (GR)NTU Athens (GR)

11.11.11.11. TwenteTwenteTwenteTwente Univ. (NL) Univ. (NL) Univ. (NL) Univ. (NL) 

12.12.12.12. ENAC (FR)ENAC (FR)ENAC (FR)ENAC (FR)

13.13.13.13. DedaleDedaleDedaleDedale (FR)(FR)(FR)(FR)

14.14.14.14. NATS En Route (UK)NATS En Route (UK)NATS En Route (UK)NATS En Route (UK)

15.15.15.15. INRIA (FR)INRIA (FR)INRIA (FR)INRIA (FR)

16.16.16.16. EurocontrolEurocontrolEurocontrolEurocontrol Experimental Centre (F)Experimental Centre (F)Experimental Centre (F)Experimental Centre (F)

17.17.17.17. DSNADSNADSNADSNA----DTIDTIDTIDTI----SDER (FR)SDER (FR)SDER (FR)SDER (FR)

18.18.18.18. Leicester Univ. (UK)Leicester Univ. (UK)Leicester Univ. (UK)Leicester Univ. (UK)
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iFly objective

� ObjectiveObjectiveObjectiveObjective: : : : developmentmentdevelopmentmentdevelopmentmentdevelopmentment of of of of twotwotwotwo advancedadvancedadvancedadvanced en route en route en route en route conceptsconceptsconceptsconcepts::::

– High High High High capacitycapacitycapacitycapacity SelfSelfSelfSelf SeparationSeparationSeparationSeparation concept concept concept concept 

– ComplementaryComplementaryComplementaryComplementary ATM ATM ATM ATM groundgroundgroundground support of support of support of support of SelfSelfSelfSelf SeparationSeparationSeparationSeparation equippedequippedequippedequipped

aircraftaircraftaircraftaircraft

� Key research questions:Key research questions:Key research questions:Key research questions:

– At which en route traffic demands is Free Flight sufficiently saAt which en route traffic demands is Free Flight sufficiently saAt which en route traffic demands is Free Flight sufficiently saAt which en route traffic demands is Free Flight sufficiently safe ?fe ?fe ?fe ?

– WhichWhichWhichWhich complementarycomplementarycomplementarycomplementary support services support services support services support services fromfromfromfrom groundgroundgroundground ATM are ATM are ATM are ATM are 

neededneededneededneeded in order to in order to in order to in order to accommodateaccommodateaccommodateaccommodate higherhigherhigherhigher traffictraffictraffictraffic demandsdemandsdemandsdemands ????

� KeyKeyKeyKey design design design design aspectsaspectsaspectsaspects

– HumanHumanHumanHuman responsibilitiesresponsibilitiesresponsibilitiesresponsibilities are are are are leadingleadingleadingleading

– ComplexityComplexityComplexityComplexity is is is is wellwellwellwell understoodunderstoodunderstoodunderstood

– SESAR SESAR SESAR SESAR compliantcompliantcompliantcompliant safetysafetysafetysafety targetstargetstargetstargets
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Safety feedback based design

Air traffic 
operation design

Safety / Capacity
Assessment
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iFly design cycles

First cycle starts on basis of Hybridge
based safety risk simulation results

Design Cycle 1

Assessment

Design Cycle 2

Air and
Ground

Requirements
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Autonomous Mediterranean Free Flight 
(AMFF)

� Future concept developed for traffic over Mediterranean areaFuture concept developed for traffic over Mediterranean areaFuture concept developed for traffic over Mediterranean areaFuture concept developed for traffic over Mediterranean area

� Aircrew gets freedom to select path and speedAircrew gets freedom to select path and speedAircrew gets freedom to select path and speedAircrew gets freedom to select path and speed

� In return aircrew is responsible for selfIn return aircrew is responsible for selfIn return aircrew is responsible for selfIn return aircrew is responsible for self----separationseparationseparationseparation

� Each a/c equipped with an Airborne Separation Assistance SystemEach a/c equipped with an Airborne Separation Assistance SystemEach a/c equipped with an Airborne Separation Assistance SystemEach a/c equipped with an Airborne Separation Assistance System

� In AMFF, conflicts are solved one by one (pilot preference)In AMFF, conflicts are solved one by one (pilot preference)In AMFF, conflicts are solved one by one (pilot preference)In AMFF, conflicts are solved one by one (pilot preference)

� RTCA/RTCA/RTCA/RTCA/EurocaeEurocaeEurocaeEurocae ED78a safety assessment for pair of aircraftED78a safety assessment for pair of aircraftED78a safety assessment for pair of aircraftED78a safety assessment for pair of aircraft
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Parameter values used in baseline simulation of AMFF Parameter values used in baseline simulation of AMFF Parameter values used in baseline simulation of AMFF Parameter values used in baseline simulation of AMFF 

enabling technical systemsenabling technical systemsenabling technical systemsenabling technical systems

5.0 ·10-5Aircraft ASAS System mode failure
5.0 ·10-5Aircraft ASAS System mode corrupted
5.0 ·10-5Aircraft ADS-B Transmitter down
5.0 ·10-5Aircraft ADS-B Receiver down
1.0 ·10-6Global ADS-B down

1.0 ·10-5Global GPS down

ProbabilityModel Parameter 
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Monte Carlo simulated scenarios

1.1.1.1. Two aircraft head on encounterTwo aircraft head on encounterTwo aircraft head on encounterTwo aircraft head on encounter

2.2.2.2. Eight aircraft encounterEight aircraft encounterEight aircraft encounterEight aircraft encounter

3.3.3.3. Random traffic very high densityRandom traffic very high densityRandom traffic very high densityRandom traffic very high density
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Safety related events assessedSafety related events assessedSafety related events assessedSafety related events assessed

131131131131500500500500900900900900900900900900900900900900
Vertical distanceVertical distanceVertical distanceVertical distance
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0.0540.0540.0540.0541.251.251.251.254.54.54.54.54.54.54.54.54.54.54.54.5
Horizontal distanceHorizontal distanceHorizontal distanceHorizontal distance
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0000000000002.52.52.52.58888
Prediction timePrediction timePrediction timePrediction time

(minutes)

MACMACMACMACNMACNMACNMACNMACMSIMSIMSIMSISTCSTCSTCSTCMTCMTCMTCMTC
EventEventEventEvent

MTC    =  Medium Term ConflictMTC    =  Medium Term ConflictMTC    =  Medium Term ConflictMTC    =  Medium Term Conflict

STC     =  Short Term ConflictSTC     =  Short Term ConflictSTC     =  Short Term ConflictSTC     =  Short Term Conflict

MSI     =  Minimum Separation InfringementMSI     =  Minimum Separation InfringementMSI     =  Minimum Separation InfringementMSI     =  Minimum Separation Infringement

NMAC = Near MidNMAC = Near MidNMAC = Near MidNMAC = Near Mid----Air CollisionAir CollisionAir CollisionAir Collision

MAC    = MidMAC    = MidMAC    = MidMAC    = Mid----Air CollisionAir CollisionAir CollisionAir Collision
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Figure 1. Two aircraft encounter under AMFF; dependability on  GFigure 1. Two aircraft encounter under AMFF; dependability on  GFigure 1. Two aircraft encounter under AMFF; dependability on  GFigure 1. Two aircraft encounter under AMFF; dependability on  GNSS, ADSNSS, ADSNSS, ADSNSS, ADS----B and ASAS systemsB and ASAS systemsB and ASAS systemsB and ASAS systems

BaselineBaselineBaselineBaseline →→→→ HighHighHighHigh

Availability/reliability Availability/reliability Availability/reliability Availability/reliability 

10
−8

10
−6

10
−4

10
−2

10
0

MTC

STC

MSI

NMAC

MAC



LL/Mod 15

Eight aircraft encounter Eight aircraft encounter Eight aircraft encounter Eight aircraft encounter ---- coordinated resolutioncoordinated resolutioncoordinated resolutioncoordinated resolution
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Two aircraft encounter vs. eight aircraft encounterTwo aircraft encounter vs. eight aircraft encounterTwo aircraft encounter vs. eight aircraft encounterTwo aircraft encounter vs. eight aircraft encounter

2 a/c2 a/c2 a/c2 a/c →→→→ 8 a/c 8 a/c 8 a/c 8 a/c 

# of aircraft # of aircraft # of aircraft # of aircraft 
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Scenario 3 
Random traffic, high density

� Eight aircraft per packed container
– 3 times as dense above Frankfurt on 23rd July ’99
– factor 4 lower dense 
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High density random trafficHigh density random trafficHigh density random trafficHigh density random traffic
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iFly
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Conclusions

� HYBRIDGE theoretical developments enabled to assess safety risk HYBRIDGE theoretical developments enabled to assess safety risk HYBRIDGE theoretical developments enabled to assess safety risk HYBRIDGE theoretical developments enabled to assess safety risk of self of self of self of self 

separation concept, and has deserved separation concept, and has deserved separation concept, and has deserved separation concept, and has deserved iFlyiFlyiFlyiFly continuation continuation continuation continuation 

� Self Separation in combination with solving conflicts one by oneSelf Separation in combination with solving conflicts one by oneSelf Separation in combination with solving conflicts one by oneSelf Separation in combination with solving conflicts one by one, appears to , appears to , appears to , appears to 

fall short in accommodating high enfall short in accommodating high enfall short in accommodating high enfall short in accommodating high en----route traffic demand.route traffic demand.route traffic demand.route traffic demand.

� iFLYiFLYiFLYiFLY objectivesobjectivesobjectivesobjectives

– Assess maximum enAssess maximum enAssess maximum enAssess maximum en----route traffic to be accommodated by self separationroute traffic to be accommodated by self separationroute traffic to be accommodated by self separationroute traffic to be accommodated by self separation

– Develop enDevelop enDevelop enDevelop en----route high traffic demand Self Separation conceptroute high traffic demand Self Separation conceptroute high traffic demand Self Separation conceptroute high traffic demand Self Separation concept

– Develop complementary ATM ground support concept which further Develop complementary ATM ground support concept which further Develop complementary ATM ground support concept which further Develop complementary ATM ground support concept which further 

increases capacity of self separationincreases capacity of self separationincreases capacity of self separationincreases capacity of self separation

� Web site: http://Web site: http://Web site: http://Web site: http://iFLY.nlr.nliFLY.nlr.nliFLY.nlr.nliFLY.nlr.nl
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Thank You !


