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EXECUTIVE SUMMARY

E.1. |APA project overview

E.1.1. Background and context

E.1.1.1.The Airborne Collision Avoidance System Il (ACAS)as essential component in
the current ATM system and should play the sameirofuture ATM operations.

E.1.1.2. The operational use of the Airborne Separationsasce System (ASAS) is seen as
a promising option to improve the ATM system throagireater involvement of the
flight crew in the separation provision.

E.1.1.3.The interaction between ACAS and the operational efSASAS is an open issue
never thoroughly investigated, which needs to bérested before any European
ASAS implementation.

E.1.1.4.The IAPA (Implications on ACAS Performances due toA&Simplementation)
project addresses the issue, analyses its potepishtional and safety implications
and provides guidelines for the future developmém®AS applications in Europe.
The study comes within the scope of the EUROCONTR®dde S & ACAS
Programme. It is of particular interest for seveesbas dealing with ASAS
development.

E.1.2. Scope and purpose

E.1.2.1.The IAPA project is focused on the potential inttian with ACAS of ATM
operations both with and without the use of ASA%skertains:

» whether there are any significant implications A&ZAS performance due to
possible ASAS implementation in the ECAC (Europearvil CAviation
Conference) airspace; and

» whether the benefits expected from ASAS could be comsed due to the
operations of ACAS.

E.1.2.2.The introduction of ASAS potentially raises someefattion issues with ACAS in
terms of airborne system integration and operatiptthke pilot, but these issues are
out of the scope of the project.

E.1.2.3.The IAPA project identifies and assesses the ojp@at issues (in terms of
undesirable ACAS alerts) resulting from the poténitigeraction between the ACAS
logic and ASAS procedures. It also performs a sadeslysis of the ACAS / ASAS
interaction, which evaluates the safety benefitdgrms of reduced risk of collision)
that can be expected from ACAS during ASAS proceslure

E.1.2.4.The project builds on the methodology that was distadd, and the tools that were
developed in the ACASA (ACAS Analysis) project. Adhiage is also taken of the
recent improvements brought to some of these toothkeanACAS Safety Analysis
post-RVSM Project (ASARP).
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E.1.3. Project breakdown

E.1.3.1.The project was conducted in three main phases:

* Phase | (November 2002 — October 2003) defineddbpesand framework of
the ACAS / ASAS interaction study;

e Phase Il (November 2003 — December 2004) consistedriducting a full set
of simulations, based on different sources of da@aan in-depth operational
and safety analysis of the interaction between A@A& ASAS; and

e Phase lll (January 2005 — November 2005) consolid#te results of the
previous phases and drew the project conclusiodsezommendations.

E.1.3.2.The IAPA project represented a total effort of mitren 11 man-years.
E.1.4. Phase I: Scope and framework

E.1.4.1.Phase | of the IAPA project first consisted of s@lgg and defining an ASAS
application with the potential for studying a maxim of significant and realistic
ACAS / ASAS interaction issues.

E.1.4.2.This selection was supported by a preliminary amgslys the ACAS / ASAS
interaction issue for a set of ASAS applicationspmsed for early implementation in
Europe. The focus was on ASAS applications with fential for raising
interaction issues with ACAS.

E.1.4.3.An Operational Environment Definition (OED) was deyed for the purposes of
the IAPA study, which describes the main assumptaiosut the selected ASAS
application, i.e. the ASAS lateral crossing appl@ma and its ATM/CNS
environment. This OED took advantage of availableef@fional and Service
Environment Definitions from various European prtgecThe applicable spacing
(Option 1) / separation (Option 2) value during A&#®AS procedures was established
S0 as to be realistic yet demanding in terms ofriatieinteraction with ACAS.

E.1.4.4.Phase | also established the framework requirecrioin-depth investigation of the
ACAS / ASAS interaction issue. This framework sugped the various simulations
conducted in Phase Il and includes:

* a common simulation framework defining three differ&®AS scenarios for
the use of the selected ASAS application, and defia list of ACAS / ASAS
interaction indicators;

» a simplified model of the selected ASAS applicat®mulating its nominal
effect on the aircraft trajectories assuming per®&®AS performance; and

e an ATM encounter model describing conflict situasiambserved in current
ATM operations in core Europe.

E.1.4.5.Within IAPA Phase Il, an ASAS encounter model wasivedel from the ATM
encounter model, which was assumed to model an agspawhich the selected
ASAS application would be used in accordance with bperational principles
defined in the OED.
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E.1.5. Phase Il: Operational and safety analyses

E.1.5.1.Phase Il consisted of a comprehensive investigaifothe operational and safety
issues potentially raised by the introduction ofA&Sin the European airspace. This
investigation was focused on the ASAS applicatielected during Phase |, viz. the
ASAS lateral crossing procedure.

E.1.5.2.The operational analysis of the potential ACAS /ASSinteraction issues was
focused the two aircraft involved in the ASAS prdaee. It was supported by a full
set of simulations using different sources of datduding:

« the ASAS encounter model;

» modified European radar data;

» CFMU flight plan simulation data; and

» data extracted from real-time simulation data.

E.1.5.3.Different sources of data were used to compensatearfy individual limitations
related to any one of them and to ensure that lavaat issues were identified. The
use of the common simulation framework set-up duRthgse | allowed the cross-
validation of ACAS / ASAS interaction trends iddi@d using each source of data,
as well as the investigation of specific featurepahding on the source of data.

E.1.5.4.The safety analysis of the potential ACAS / ASASeiaction investigated and
assessed the impact of ASAS operations on the shéstgfit provided by ACAS.
This analysis considered not only the two aircirafblved in the ASAS procedures,
but also the possible presence of a third airclaftas supported of a set of methods
and tools developed in previous studies of ACA®tyafind supplemented by other
ATM safety assessment methodologies.

E.1.6. Phase lll: Synthesis and guidelines

E.1.6.1.Phase Ill concluded the project by consolidating work performed during Phase |
and Phase Il, and delivering guidelines for the ettggment of future ASAS
applications.

E.2. |Initial investigation of the ACAS / ASAS interaction

E.2.1. Scope and approach

E.2.1.1.The preliminary investigation of the ACAS /ASAS erdction issue performed
during Phase | was supported by a case-by-casessalf relevant encounters
featuring possible ASAS operations.

E.2.1.2.The range of ASAS applications of initial interestluded the Package | of Airborne
Surveillance applications proposed for early impletagon in Europe. To cope with
the IAPA study purposes, this set was extendedddASAS applications presenting
the potential for an extension into airborne sejpamaapplications (Package ).

E.2.1.3.A preliminary step consisted of identifying the emcter situations that have the
potential to trigger an ACAS alert. This was deterad on the basis of the ICAO
guidance material associated with the ACAS StandamdsRecommended Practices.
In a second step, a set of specific and demandiogumters (in terms of potential
interaction with ACAS) was built manually and ACAignslations were performed.
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E.2.1.4.Finally, a specific case study of the ASAS lateralssing application was performed
to further identify the encounter parameters thdluémce the interaction with
ACAS.

E.2.2. Main achievements and results

E.2.2.1.Following this preliminary investigation of the ACARASAS interaction issueo
interaction with ACAS is anticipated for the following ASAS applications

» The in-trail phases of the ASPA-S&M: “Enhanced semireg and merging”
operationswhatever the altitude layer, assuming the Wake éxoseparation
minima are preserved; and

» The lateral passing situations resulting from ASP&PC“Enhanced crossing
and passing” operationshatever the altitude layer, since the laterakcisma
values required to trigger an ACAS alert duringnsloconvergence situations
are of the order of the ACAS minimum protection distanparameter
(DMOD), e.g. 1.3NM for a TA above FL200. It is ugdly that such lateral
spacing values would not be operationally acceptabl

E.2.2.2.Some interaction with ACAS potentially exists for he ASPA-S&M: “Enhanced
sequencing and merging” operationsbut only during merging situations close
to the limit to what could be considered operationly acceptable In particular,
some merging encounters with required spacing atlAte close to the radar
separation minimum in Terminal control Area, i.e. 3 NMay trigger a TA.
However, such spacing values between aircraft quesece are unlikely to occur
during typical merging situations.

E.2.2.3.Finally, the results of the preparatory analysisvetd thatsome interaction with
ACAS potentially exists for the ASPA-C&P: ‘Enhanced crossing and passing
operations’ during nominal operations. In particular, the fallng encounter
situations were identified as likely to trigger TAs

o Lateral crossing encounters with high closure ratel small horizontal
separation between the aircraft at CRA. typically encounters with angles of
convergence greater than 90 degrees and a Horiddigs Distance close to
the applicable radar separation minima, i.e. 3 NMMA and 5 NM in en-
route ECAC airspace; and

» Level-off encounters at the applicable verticalasafion minimai.e. 1,000 ft
below FL415 in the ECAC airspace, with verticalesabperationally realistic
for almost all aircraft types. In addition, 2,0@0lével-off encounters may
trigger TAs in the altitude layer FL100-FL410 inseaof significant, but
realistic, relative altitude rates.

E.2.2.4.The 1,000 ft level-off encounters may even triggerdesirable’ RAs below FL415
in the case of significant, but realistic, verticates. It should be noted that the
ACAS interaction issue raised by such encounteesadl exists for current ATM
operations. Therefore, it is not solely linkedhe introduction of ASAS operations.

E.2.2.5.With regard to the lateral crossing encounters, rtfan factors influencing the
interaction with ACAS include the angle of converge, the aircraft speed and the
type of ASAS manoeuvre (i.e. “pass in-front” or “palsehind”): the higher the
resulting closing speed between the aircraft, tgkdr the likelihood of a TA.
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E.2.2.6.In particular, by increasing the initial rate ofneergence, the “pass behind”
manoeuvres are more likely to trigger TAs than thas¥in-front” manoeuvres.
However, this does not mean the latter are safertti@former.

E.3. Operational analysis of the ACAS / ASAS interaction

E.3.1. Scope and approach

E.3.1.1.The various data-oriented studies performed durings® Il focused on the ASAS
lateral crossing application. In order to assessABAS / ASAS interaction issue on
the most demanding basis, the ASAS separation applienost of the simulations
was 4 NM (considered the minimum separation applecabssuming RNP-1
navigation performances and perfect surveillancecandmunication performances).
Further, a specific sensitivity analysis of the ARAASAS interaction, depending
on that applicable separation minimum, was perforrhedugh the study based on
flight plan data.

E.3.1.2.An investigation into ASAS operations with distinessumptions was performed
through the study based on real-time simulation.dBEt#s dealt with both “ASPA-
Crossing & Passing” and “ASPA-Sequencing & Mergingbgedures with ASAS
spacing values close to current ATC practices. artaysis of the available real-time
simulation data did not reveal any ACAS interacigsue.

E.3.1.3.The framework developed during Phase | successtulyported the full set of
simulations conducted within Phase Il. Further, Bmecmethodologies, and
associated sets of tools, were developed in supgothe various data-oriented
studies. The studies based on modified radar daaASAS encounter model and
flight plan data provided comparable results hidftiigg a set of potential
operational issues linked to the issuance of unalelsi ACAS alerts during nominal
ASAS operations.

E.3.1.4.The studies based on the ASAS encounter model andodified radar data allowed
a comparative analysis of the interaction with ACAStween current ATM
operations and future operations following the ddtrction of ASAS procedures.
Because of the forward looking nature of the IAPWdy, this comparison was
limited to the ASAS application selected for funmthievestigation, i.e. the ASAS
lateral crossing procedure.

E.3.2. Potential impact of ACAS on ASAS performance

E.3.2.1.The possible issuance of “undesirable” ACAS aldusng the execution of ASAS
lateral crossing procedures (with a minimum sepanatedue of 4 NM) is likelyto
affect the performance of the ASAS procedures, antherefore, their expected
benefits

E.3.2.2.Although all three IAPA studies provided differegdtimates of the ratio of ASAS
procedures triggering at least one TA, a similandrevas observed whatever the
source of data used in the simulations. It is esdth#tiat a TA will occur in between
13% and 18% of the ASAS procedures regardless ethen or not a manoeuvre is
required to ensure the ASAS separation. The likelthof TAs increases to between
42% and 67% when considering ASAS encounters witiaas behind” or “pass in-
front” manoeuvre.
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E.3.2.3.With regard to the likelihood of RAs, all three dies provided comparable results:
on average just under 1% of the ASAS proceduregdring at least one RA
whatever the scenario. Nevertheless, this proporiticeably varies depending on
the ASAS encounters, and particularly whether dr anananoeuvre is required to
ensure ASAS separation.

E.3.2.4.In line with the initial results of the IAPA castudy, all three studies resulted in a
slightly increased likelihood of ACAS alerts foreth'pass behind” manoeuvres
compared to the “pass in-front” ones.

E.3.3. Potential impact of the ACAS / ASAS interaction aloipacceptance

E.3.3.1.The frequent, but non-systematic, issuance of Traffic Avisories by the ACAS
logic against the other aircraft involved in an ASAateral crossing proceduig
likely to be considered as disruptive from the piloperspective, and therefore, a
major ACAS / ASAS interaction issue Further, this is likely to affect the pilot's
confidence in the ASAS procedure and system.

E.3.3.2. The mean likelihood of undesirable TAs during ASAfm@tions has been estimated
up to one time per ten flight hours, regardless rof ather TAs that may occur
independently of the ASAS lateral crossing procedufhis result is highly
dependent on the frequency of the ASAS proceduingghwhas itself been estimated
to be in between one to five times per ten flighifsan the study based on modified
radar data.

E.3.3.3.1t should be noted that, in all three IAPA studithe likelihood of TAs during the
ASAS lateral crossing procedure appeared to beegrea high altitudes, i.e. within
the sensitivity level 7 of the TCAS Il logic vergio7.0. Furthermore, a non-
negligible proportion of repetitive TAs has beersatved, i.e. in between 1% to 3%,
depending on the source of data.

E.3.4. Potential incompatibility between ACAS and ASAS giiEms

E.3.4.1.The possible occurrence oflisruptive and undesirable Resolution Advisories by
the ACAS logic during nominal ASAS operationsis a major ACAS / ASAS
interaction issue Indeed, such alerts would be considered as adhckmpatibility
between the separation function provided by ASA8 #re collision avoidance
function devoted to ACAS. Further, this is likelp taffect the operational
applicability of the ASAS procedures.

E.3.4.2. Assuming a nominal performance of the ACAS surveilkarthe mean likelihood of
undesirable RAs during nominal ASAS operations heenbestimated up to one per
sector every 6 days, regardless of any other Ratsntfay occur independently of the
ASAS lateral crossing procedure. Once again, #sslt is highly dependent on the
frequency of the ASAS procedure, which has beamastd to be at least one ASAS
lateral crossing procedure every two hours perseahd possibly up to three times
per hour and per sector, for the European core area

E.3.4.3.The various simulation results show that the issearfiche RAs is quite sensitive to
the quality of the aircraft trajectories used ie gimulations. A specific analysis of
the TCAS Il logic version 7.0, conducted in thedstibased on flight plan simulation
data, highlighted the effects of simulated trajecteariations on the ability of the
“Miss Distance Filter’ of the TCAS Il logic to acilly prevent the issuance of
undesirable RAs.
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E.3.4.4.The ACAS / ASAS compatibility is likely to dependh dhe minimum separation
value applicable during the ASAS operations. Iis tleispectthe demanding value
of 4 NM appeared to cause compatibility issues wheocompared with current
separation margins applied by ATC

E.3.4.5. The sensitivity analysis (conducted in the studsellaon flight plan simulation data)
indicated that a minimum separation value of 7 NMswiacessary to prevent TAs
from being triggered when an ASAS lateral crossinghoeavre was required.
Further, a minimum separation value of 5 NM wasesssary to prevent the issuance
of any RAs.

E.3.5. Comparison between ASAS and ATM operations underimalnsircumstances

E.3.5.1.Current ATC practices with the typical separation margins applied by ATC
appears to be much more compatible with ACAS thanhe ASAS lateral
crossing procedures with the demanding separation minimum of 4 NM
investigated within the IAPA study, except for th€00 ft level-off encounters.

E.3.5.2.Depending on the source of data used for the AS/8Iations, the ratio of ASAS
encounters triggering an RA compared to the origamalounters with ATC increases
by a factor of four with the ASAS encounter modedl &y a factor of forty with the
modified radar data.

E.3.5.3.1t was thus not possible to draw precise conclisionthe extent to which the
introduction of ASAS lateral crossing proceduresuldoincrease the issuance of
undesirable ACAS alerts during ASAS operationsesiboth IAPA studies provided
distinct alert rates. However, both studies prodidesimilar trend with regard to the
prevalence of RAs between ASAS and ATM encounters.

E.4. Safety analysis of the ACAS / ASAS interaction

E.4.1. Scope and approach

E.4.1.1. The safety analysis conducted during Phase Il pagd an initial evaluation of the
level of safety that can be expected from the omeraif ACAS when aircraft are
engaged in ASAS procedures. This level of safety assessed both qualitatively in
terms of consequences and severity of hazardsgaadititatively in terms of the
reduced risks of collision.

E.4.1.2.Using the guidelines of the EUROCAE OperationakeBafAssessment methodology
and the EUROCONTROL Safety Assessment Methodologg, technique of
Operational Hazard Analysis was employed to ideratifd assess the ways in which
the use of ASAS and ACAS could result in a safegue, and particularly a Near
Mid-Air Collision (NMAC).

E.4.1.3.The main findings of the ACAS/ASAS interaction OHRas used to adapt a
contingency tree previously developed in the ACASAject, to the context of the
IAPA study and to ensure the completeness of thefsatents that it considered.

E.4.1.4.This contingency tree combines ACAS logic risks witle probabilities of other
external events (such as human factor events andhlvecquisition events) to
provide a full-system risk evaluation. By varyingremof the scenario parameters of
the ACAS simulations, many full-system risk estimates t®e determined for
distinct assumptions related to the ACAS equipagecgeration by the flight crew.
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E.4.1.5.To allow for the computation of ACAS logic risksam ASAS environment, and the
comparison with the logic risks in the airspace ptiothe introduction of ASAS, a
ACAS/ASAS-applicable safety encounter model (relatedhe close encounters in
which the ASAS procedure would be applicable) andA@AS/ASAS safety
encounter model (related to the close encountetewinlg the use of the ASAS
procedure) have been produced.

E.4.1.6.All these methods and tools as a whole has provefulus identifying the safety
issues potentially raised by the ACAS / ASAS intdiom, and assessing the safety
benefits that can be expected from ACAS during A®ASrations.

E.4.1.7.Because of the forward looking nature of the IARédy, this evaluation was limited
to the ASAS application selected for further inigstion, i.e. the ASAS lateral
crossing procedure.

E.4.2. Operational hazards and IAPA contingency tree

E.4.2.1.Two separate Operational Hazard Analyses were @iestducted on the ASAS
procedure and the ACAS procedure respectively, kvhiere used as the basis for an
analysis of the impact of the ASAS OHA on the ACABAD This analysis revealed
that the interaction with ACAS is different depending onwhether or not the
ACAS intruder is the other aircraft involved in the ASAS procedure or a third
aircraft .

E.4.2.2.Furthermore, the analysis highlighted that tkehanced Airborne Traffic
Situational Awareness of the flight crew that can b expected in an ASAS
environment can be a safety-contributing factor that either mitigates the
consequences or reduces the likelihood of someatipeal hazards related to the
ACAS procedure.

E.4.2.3.These findings were taken into account in the dgraknt of the IAPA contingency
tree. The two possibilities of the reference aittdoeing on a close encounter course
with the other aircraft in the ASAS procedure, eirlg on a close encounter course
with a third aircraft, was handled by a high-lesplit of the contingency tree into an
‘ASAS intruder branch’ and a ‘third aircraft brancMany of the events on one
branch were qualitatively duplicated on the othmnbh, but were assigned different
probabilities that reflect the two contexts.

E.4.3. Safety encounter models and underlying NMAC rates

E.4.3.1. A crucial factor in evaluating the risk reductioropided by the operation of ACAS
is the underlying NMAC rate of the considered aacgp The ACAS / ASAS-
applicable safety encounter model and the ACAS/ASAafty encounter model
were thus used to determine the underlying NMAC rdiefore and after the
introduction of ASAS in the airspace) in those amters in which the ASAS lateral
crossing procedure would be applicable.

E.4.3.2.For the ASAS-applicable close encounter set (wherdked by conventional ATC),
an NMAC rate of 1.5810" per flight hour was estimated. For the ASAS close
encounter set (when applying the ASAS lateral engsprocedure in the same
encounters), an NMAC rate of 1,88 per flight hour was estimated.
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E.4.3.3.Rather than indicating that there will be a risehia underlying NMAC rate when
ASAS procedures are introduced, these values shiostidad be viewed as evidence
that care will be needed to ensure that the introductiorof ASAS procedures
does not lead to an unacceptable rise in the undgihg risk of collision.

E.4.4. Risk ratio calculations

E.4.4.1.The ACAS logic risk ratios calculated using both thCAS/ASAS-applicable safety
encounter model and the ACAS/ASAS safety encountedemeevealed that the
safety performance of ACAS is similar in both enmireents.The introduction of
ASAS procedures into the airspace does not preseany particular problems
for the ACAS logic, which will continue to act as a effective safety net

E.4.4.2.The ACAS full-system risk ratios calculated usihg ACAS/ASAS safety encounter
model revealed that the deployment of ACAS in ASA&pdures could typically be
expected to reduce the risk of collision to 4.6%haf risk in the absence of ACAS.
The alerting aspects of ACAS (the prompting of contaith the controller and/or
visual acquisition of the threat) are contributdagtors in achieving this overall
reduction, but the most important factor is the netsoh advice (i.e. RAs) generated
by the ACAS logic.

E.4.4.3.By operating ACAS and responding to RAs in the saypécal manner as other
pilots, the pilot engaged in an ASAS procedure &uce the risk of collision to
which he is exposed to 16.5% of the value appled#tiie were not ACAS equipped.
By improving his own response to RAs (whilst thepasse of other pilots remains
typical), the risk of collision to which pilot enged in an ASAS procedure is
exposed can further reduced to 11.2% of the vahypdicable if he were not ACAS
equipped.

E.4.4.4.By not responding to RAs, a pilot seriously compregsithe safety benefit that can
be afforded by ACAS equipage. Operating ACAS in RAde, but ignoring the RA
it generates, a pilot would expose himself (and uhevitting pilot of the other
aircraft) to a risk of collision that is over fotimes greater than it can be if pilot
typically respond to the RAs.

E.4.4.5.1f, for some reason, an aircraft is unable to compith RAs it is preferable that the
system be placed in TA-only mode. In this circumstattee risk of collision is
reduced, compared to the case of ignoring RAs,UscACAS in equipped threats is
free to choose the most effective RA. Neverthel&§3AS should not be routinely
operated in TA-only mode. By operating ACAS in RA raahd following the RAs
that are generated, the risk of collision to atpéogaged in an ASAS procedure is
less than half the risk to which he would be expdébe operates ACAS in TA-only
mode.

E.5. Conclusions

E.5.1. General

E.5.1.1.The IAPA project is a substantial European contrdsuto the understanding of the
potential interaction between ACAS and ASAS proceduSuch a contribution was
required given the envisaged evolution of the EaaopATM system, which may
impact the forecasted performance of both ACAS aachtdw ATM system itself.
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E.5.1.2. The IAPA study of the ACAS / ASAS interaction isstansisted of a comprehensive
work programme supported by a set of sophisticatechadst and tools. It has
demonstrated that:

* ACAS remains effective as the last resort safety aret the demonstrated
safety benefits underline the need to operate AG&Eg ASAS operations;

» The ACAS constraints must be taken into account wiheveloping ASAS
procedures envisaged for implementation; and

» The existing ACAS system may need to evolve to imprcompatibility with
ASAS applications envisaged for implementation.

E.5.1.3. Any conclusions drawn from the IAPA study resulissld be considered taking due
account of the various study assumptions and liroitati These assumptions may be
challenged by a specific implementation of ASAS.utls there will be a need to
further assess the interaction between ACAS and \%Zking into account the
specific environment in which the operational uBABSAS would be envisaged.

E.5.1.4.With this perspective, the complete work programmeiexarout within the IAPA
project is substantial body of work on which furtiaork should build on.

E.5.2. ACAS safety net during ASAS operations

E.5.2.1.The safety analysis conducted within IAPA Phasgetlhonstrated that, if nominally
operated, ACAS would continue to provide positiagety benefits during ASAS
operations.

E.5.2.2.1t confirms that operating ACAS in RA mode, but igngrthe RAs that it generates,
is more dangerous than operating ACAS in TA-only mddewever, operating
ACAS in TA-only mode during ASAS procedures entailsisk of collision that is
more than twice what it would be if pilots engagedAiSAS procedures nominally
operate ACAS.

E.5.2.3.The standard operational procedure should be th&SAS procedures, as at all
other times, ACAS should be operated in RA mode thedRAs that are generated
should be followed, and followed promptly for besnbfits.

E.5.3. Effect of ACAS on ASAS application development

E.5.3.1.The preliminary analysis made during IAPA Phase | Hamonstrated that the
interaction with ACAS highly depends on the natof¢he ASAS application and its
main assumptions with regard to the type of separatipplied, i.e. lateral,
longitudinal or vertical separation with applicaBkparation minima.

E.5.3.2.1t also allowed identifying possible ACAS / ASASénaction issues that may affect
a set of Package | Airborne Surveillance applicetiduring nominal operations. In
particular, some interaction with ACAS potentialkists for:

» the ASPA-C&P: ‘Enhanced Crossing and Passing opasit for lateral
crossing situations in case of demanding applicségparation minima; and

» the ASPA-S&M: “Enhanced Sequencing and Merging dpmra’ during the
merging phases, but only during marginal situations.
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E.5.3.3.The in-depth investigation of the ACAS / ASAS irgtetion issue performed during
IAPA Phase Il on the ASAS Lateral Crossing appiaratonfirmed the initial results
achieved during Phase I. Furthermore, it demorstrite influence of the separation
minimum applicable during ASAS operations on theratgon with ACAS.

E.5.4. Possible effect of ASAS applications on ACAS

E.5.4.1.With regard to the ACAS / ASAS compatibility, therius simulations performed
during IAPA Phase Il have shown to what extentmaleding ASAS application can
trigger undesirable ACAS alerts.

E.5.4.2.This is particularly the case for the possible @sme of frequent, but non-systematic,
TAs against the other aircraft involved in the ASA®cedure. To avoid affecting
the performance of demanding ASAS procedures, anckftite, their expected
benefits, it may hence be required to revisit theesu ACAS logic for TAs.

E.5.4.3.Further, it will be critical to ensure that the dable role of the ‘Miss Distance
Filter of the TCAS Il logic version 7.0 (in preving the issuance of undesirable
RAS) is effective.

E.5.5. Strength and relevance of the IAPA methodology

E.5.5.1.The IAPA methodology has proven successful in asapsthe ACAS / ASAS
interaction issue and would equally benefit to doyure investigation of the
interaction between ACAS and ATM changes in thevigion of separation.

E.5.5.2.The use of European radar data is key to operdti@havance. It is particularly
valuable in obtaining a precise understanding & ¢trrent ATC practices and
allows a comparative analysis between current atldlATM operations.

E.5.5.3.The ATM encounter model developed within IAPA (lthsen real encounters
extracted from radar data) is a powerful tool foaleating ATM changes and their
interaction with ACAS

E.5.5.4.Finally, the sophisticated methods and tools thppetted the safety analysis of the
ACAS / ASAS interaction allows identifying poteriteafety issues and assessing the
ACAS safety benefits during ATM operations.

E.6. Recommendations

E.6.1. ACAS must be operated during ASAS procedures asnin ATM operations.
Furthermore, the possible impact on the safety litsr@bvided by ACAS should be
carefully assessed prior to any particular ASAS an@ntation.

E.6.2. The ACAS constraints must be taken into account wheneloping ASAS
applications so as to achieve an appropriate ACASAS compatibility. In this
regard, particular attention should be paid to die¢éermination of the separation
minima applicable during ASAS operations.

E.6.3. When implementing ASAS operations, appropriate amrsition should be given to
ACAS developments that would improve the compatibivtjth ASAS while
preserving the independence of ACAS.

E.6.4. Any future investigation of ACAS / ASAS interactisues should be supported by
a comprehensive and robust methodological framewack as the one established
during the IAPA project.
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LIST OF DEFINITIONS

ACAS Airborne Collision Avoidance System — A system gtadised in the ICAO
SARPs that uses transponder replies from otheradiito warn the pilot of a
risk of impending collision.

In IAPA ACAS always refers to ACAS Il — a systenatiyenerates traffic
advisories (TAs) and also generates resolutionsades (RAS) in the vertical
plane.

ACASA project ACAS Analysis — a study commissioned by EUROCONTR@Eupport of
the mandate for the carriage of ACAS Il in Europsark Package 1 of
ACASA investigated the safety of ACAS and developdeluropean safety
encounter model, and a contingency tree.

ACASA safety A safety encounter model developed in the ACASAqutowhich
encounter model characterised close encounters occurring in Europeapace before the
introduction of RVSM.

ACAS/ASAS- A safety encounter model characterising the closeenters expected to
applicable safety occur in the encounters in which the ASAS laterassing procedure would
encounter model have been applicable.

ACAS/ASAS safety A safety encounter model characterising the closeenters expected to
encounter model occur during ASAS lateral crossing procedures.

ACAS / ASAS Any implications for ACAS performance due to possiASAS
interaction implementation and/or any implication for ASAS dpations due to the
operation of ACAS.

In the IAPA study, focus is on the operational aatkty issues potentially
raised by the interaction between ACAS and ASA& potential issues in
terms of airborne system integration and operdiipthe pilot are out of the
scope of the study.

Aircraft-centred The risk ratio (in a given procedure) experiencga@ib individual aircraft as a
risk ratio result of other aircraft equipping with ACAS.

In the IAPA study, this is the ratio of the riskadllision to the reference
aircraft in the ASAS lateral crossing procedure whther aircraft are
equipped in accordance with the ACAS mandate, comap@ the risk of
collision when no aircraft are ACAS equipped. Ie ttvo scenarios the
reference aircraft is assumed not to be operatifg

ASARP project ACAS Safety Analysis post-RVSM Project — an ongastgdy commissioned
by EUROCONTROL to investigate the safety of ACA8dwing the
introduction of RVSM.

Work Package 2 of ASARP has developed a safetyuentepmodel
characterising current European airspace incluttiadgRVSM levels. Work
Package 4 of ASARP has refined the pilot resporsdeirdeveloped in
ACASA.

ASARP safety A safety encounter model developed in the ASARRFeptpwhich
encounter model characterises close encounters occurring in cuEergpean airspace.
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ASAS Airborne Separation Assistance System — An airadtem based on
airborne surveillance that provides assistanchedlight crew supporting the
separation of their aircraft from other aircraft.

ASAS active A horizontal manoeuvre by one aircraft (either beror in-front of another

intervention aircraft) that preserves ASAS separation.

ASAS encounter
(or encounter with
ASAS)

ASAS encounter
model

ASAS lateral
crossing procedure

ASAS passive
intervention

ASAS procedure

ASAS separation

ATC encounter
(or encounter with
ATC)

ATC intervention

ATC separation

An encounter, either resulting from the modellifighee behaviour of ASAS
procedures or extracted from real-time experimehsSAS operations.

An encounter model characterising the encountgrea®d to occur in an
airspace in which the selected ASAS applicationld/be used in accordance
with the IAPA operational environment definition.

A new air traffic control procedure to allow one AS equipped aircraft to
cross the flight path of a designated aircraft,levmaintaining a separation of
no less than the applicable spacing (Option 1pasaion (Option 2)
minimum.

The ASAS procedure was selected for detailed iiyetion of the
ACAS / ASAS interaction issue in the IAPA study.

Monitoring of aircraft separation without any reqd manoeuvre to preserve
ASAS separation.

A component of an ASAS application (which is acfadperational
procedures for controllers and flight crews thakesause of an Airborne
Separation Assistance System to meet a definediopeal goal). In IAPA
the lateral crossing procedure was selected failddtstudy.

Either horizontal or vertical separation (or batbpve the applicable
separation minima in an encounter where ASAS s#épara applied.

When studying the ASAS lateral crossing procedniédPA, the applicable
horizontal separation minimum was set to 4 NM dredvertical separation
minimum to 1,000 ft.

An encounter, either a generated encounter ora eExtounter, which
potentially includes ATC intervention to presereparation.

Either a horizontal or a vertical manoeuvre (ohbobn at least one aircraft,
that preserves ATC separation. Hence, distinctionke made between:

- single intervention on only one aircraft,

- double intervention on both aircratft,

- single horizontal or vertical manoeuvre and

- combined horizontal and vertical intervention.

Any ATC intervention through speed regulation i$ oluthe scope of the
IAPA study.

Either horizontal or vertical separation (or baibpve the applicable
separation minima in an encounter managed by ATC.

In the IAPA study, the ATC horizontal separatiomimium is 3 NM or 5 NM,
respectively below and above FL135, and the vérsigparation minimum is
1,000 ft in the RVSM airspace, i.e. below FL415] 2000 ft above.
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ATM encounter An encounter model characterising the encountgrec®d to occur in the
model current ATM operations (prior to the introductiohASAS procedures).

The ATM encounter model developed within the IARAdy describes the
characteristics of radar encounters extracted ffonopean radar data
recordings.

Back-end facility Software that analyses a set of encounters (egrbounters extracted from
radar data by the “front-end” facility) and detenes their properties, using
these to populate the tables of an encounter model.

Clear of traffic Time and/or location in an encounter when:
- either the aircraft are diverging laterally (titeemodified CPA is negative)
and the current distance between the aircraftuglegy superior to the value
of the applicable lateral spacing (Option 1) / safian (Option 2) [by ASAS],
- or the aircraft are not converging vertically @hd difference in altitude is
equal or superior to the applicable vertical sefiamgby ATC].

Close encounter A trajectory of an aircraft in an encounter in whtbe HMD is less than the

course NMAC horizontal threshold (500 ft) and in which ACAS tracks the other
aircraft, there will be an RA. Close encounter segrare considered (even
when sufficient vertical separation prevents itfrbeing a collision course)
because manoeuvres in the vertical plane, in regptmnan ACAS alert, can
reduce the vertical separation and result in andad collision.

Closest Point of Local minimum in the physical distance between &wvoraft (slant range)
Approach involved in an encounter.

The issuance of ACAS alerts and the type of alepedds on the predicted
time to CPA, which is calculated by dividing thardl range by the closure

rate.
Closest Point of Local minimum in the “propinquity” distance betwevo aircraft involved in
Propinquity an encounter. The “propinquity” distance scaleshibrézontal and vertical

distances between the aircraft according to theetve separation minima
applicable by ATC.

The closest point of propinquity is used as théaimsof closest approach in
the IAPA encounter model.

Cockpit Display of A plan-view display of traffic in the vicinity ofwn aircraft. Most ACAS
Traffic Information installations include a traffic display, and it asged that ASAS will also
provide a CDTI.

The IAPA study assumed that all aircraft engageshidSAS procedure have
a single traffic display with shared ACAS and ASikfrmation.

Collision course A trajectory of an aircraft which, if not modifiexs the result of an ACAS
alert (either by following an RA, or following canotler advice prompted by
contact from the pilot because of the ACAS alergue to visual acquisition
prompted by the ACAS alert), results in a collision

Conscientious pilot A response by the pilot to ACAS RAs in which he ereignores the RA and if
response he responds to it (i.e. does not prefer to actamtroller advice or visual
acquisition) he responds promptly.

Contingency tree A branching structure which combines the probaediof individual events to
calculate the overall probability of a given compdevent.

Designated aircraft The other aircraft involved, but not actively engdgin an ASAS procedure.
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Encounter

Front-end facility

Generated
encounter

Heading phase

IAPA project

Intruder
Logic risk

Modified encounter
(or encounter
without ATC)

Near Mid-Air
Collision

Operational
Environment
Definition
Operational Hazard
Assessment

Operational Safety
Assessment

Option 1

Option 2

A traffic situation involving two aircraft and seked using agreed capture
criteria. Hence, distinction can be made between:

- an actual encounter extracted from radar data,

- an artificial (or generated) encounter built eitmanually or automatically
from an encounter model.

Software that analyses radar data and capturesietees, according to certain
criteria, that are of interest.

An artificial, but operationally realistic, encoentgenerated from an
encounter model. Unless otherwise specified, géegtencounters refer
hereafter to encounters generated from the ATM emeo model developed
in the IAPA project.

In the context of an ASAS lateral crossing procedbat requires a
manoeuvre to preserve the ASAS separation, therwgptase extends from
when the aircraft first manoeuvres from its oridjitnack until the ‘Clear of
Traffic’ indication, at which point the aircraft sananoeuvre back towards its
original track.

Implications on ACAS Performances due to ASAS imatation — a study
commissioned by EUROCONTROL to assess the effattie introduction
of ASAS procedures might have on ACAS operations.

An aircraft that is tracked by ACAS.

The risk of collision that results from the opepatof the ACAS collision
avoidance algorithms, given a particular pilot cse to the RAs that are
generated.

An encounter, either a generated encounter ora mEttounter, resulting
from the removal of any ATC intervention (where AT@s acted to preserve
separation).

An encounter in which the horizontal separatiomieein two aircraft is less
than 500 ft and simultaneously the vertical sejamas less than 100 ft.

An OED describes how and in what context an apjptinaof a system is
expected to operate. For the purposes of IAPA, BB Of the ASAS lateral
crossing procedure was developed.

A systematic procedure which identifies the hazast®ciated with a system
or procedure. The ways in which the procedure cgaldrong are
considered, as well as the conseqguences and #veirity.

A methodology designed to identify the safety reguients of a procedure or
system. In IAPA, the guidelines of the OSA methodglhave been used to
perform an Operational Hazard Assessment (OHAh®ACAS procedure
and of the possible interaction between the ACASABAS procedures.

First option of the ASAS lateral crossing applioat{in the context of the
IAPA study) as an Airborne Spacing application, rehgeparation minima are
unchanged (i.e. applicable radar separation mimintiae IAPA environment)
and spacing minima depend on aircraft capabilities.

Second option of the ASAS lateral crossing applicefin the context of the
IAPA study) as an Airborne Separation applicatiwhere the separation tasks
are transferred to the flight crew for the duratidrihe ASAS lateral crossing
procedure and airborne separation standards a@redefThese include
airborne separation minima applicable by the fligtetv.
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Procedure-centred The risk ratio (in a given procedure) that reswiten all the appropriate
risk ratio aircraft in the airspace equip with ACAS.

In the IAPA study, this is the ratio of the riskadllision (in the ASAS lateral
crossing procedure) when all aircraft covered leyrttandated are equipped
and operate ACAS, compared to the risk of colligiarthe ASAS lateral
crossing procedure) when no aircraft operate ACAS.

Progressional risk  The risk ratio (in a given procedure) experiencgai individual aircraft who
ratio equips with ACAS, the equipage of other aircrafbaiing the same.

In the IAPA study, this is the ratio of the riskadllision to the reference
aircraft in the ASAS lateral crossing procedure wh@perates ACAS,
compared to the risk of collision when the samerait disables ACAS. In the
two scenarios the equipage of intruders remainsdhee (i.e. carriage of
ACAS by mandated aircraft).

Prompt pilot A response by the pilot to RAs that is close tostamdard response assumed
response in the ACAS logic.

Radar encounter An encounter extracted from radar data accordiragteed capture criteria.
Hereafter, radar encounters refer to encountera@gt from radar data
recordings (using the “front-end” facility) withihe IAPA study based on
radar data. The IAPA capture criteria allow for #ieéection of encounters that
correspond to a possible conflict for ATC.

Reference aircraft  The aircraft that has been instructed to condu&®AS procedure with
respect to another designated aircraft.

Resolution advisory A resolution advisory (RA) is an ACAS alert instting the pilot how to
modify or regulate his vertical speed so as toate risk of collision
diagnosed by the system. It is normally preceded tygffic advisory.

Resume phase In the context of an ASAS lateral crossing procedbat requires a
manoeuvre to preserve the ASAS separation, theneghase extends from
the ‘Clear of Traffic’ indication until the aircrigis back on its original track

Risk ratio The ratio of the risk of collision after some charig conditions to the risk of
collision that existed before the change in condgi

In the IAPA study, the change in conditions is ¢theriage and operation of
ACAS by certain aircraft. A risk ratio of 0% wouilddicate a perfect system
that eliminated the risk of collision; a risk ratb100% would indicate an
ineffective system that made no change to thedafigollision.

Safety encounter  An encounter model that generates encounters iohathie two aircraft are on
model a close encounter course.

See-and-avoid The principal by which pilots are expected to visuacquire collision threats
and make suitable avoidance manoeuvres to reduviesk of collision.

Slow pilot response A response by the pilot to RAs that is not as giras the standard response
assumed in the ACAS logic.

Standard pilot The response by the pilot to RAs that is assumélde\CAS logic.
response
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Third aircraft i) In the context of ASAS, an aircraft other thée two aircraft (reference
aircraft and designated aircraft) engaged in thA@grocedure.

i) In the context of an ACAS alert, an aircrafhet than own aircraft and the
threat aircraft.

Threat aircraft The aircraft that is the subject of an ACAS alert.

Traffic advisory A traffic advisory (TA) is an ACAS alert warningdlpilot of the proximity of
other traffic that might become the subject ofsphation advisory.

Undesirable ACAS An ACAS alert that occurs whereas the applicabpasgion minima are not
alert infringed during the encounter without ACAS contitilon.

The same horizontal and vertical margins of errenused, i.eAH = 0 NM

and AV =130 ft respectively, for the determination of asidable ACAS
alerts during ATC and ASAS encounters.

Wobbulation A mathematical process that introduces realisti@tians in to smoothed
aircraft trajectories by incorporating both a ramdcomponent (“wobble”)
and a systematic component (“modulation”).
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1.1
1.1.1.

1.1.2.
1.1.3.

1.1.4.

1.15.

1.1.6.

Introduction

Objective and scope

The interaction between the Airborne Collision Adamce System 1l (ACAS) and
the operational use of the Airborne Separationsdaste System (ASAS) is an open
issue never previously thoroughly investigated,clvimeeds to be addressed before
any European ASAS implementation. The IAPA projelttrasses the issue, analyses
its potential operational and safety implicationad grovides guidelines for the
development of future ASAS applications in Europe.

IAPA stands fot mplications omrACAs Performances due tAsAs implementation.

The focus is on the potential interaction with ACAS Air Traffic Management
(ATM) operations in the European Civil Aviation Gerence (ECAC) area both
with and without the use of ASAS. Hence, the IARAject:

» ascertains whether there are any significant imfiina for ACAS
performance due to possible ECAC ASAS implementation

» ascertains whether the benefits expected from ASéBdcbe compromised
due to the operation of ACAS;

» identifies and assesses potential operational ss¢imeterms of undesirable
ACAS alerts) resulting from the potential interantinetween the ACAS logic
and ASAS procedures; and

» evaluates the safety benefits (in terms of reduistdaf collision) that can be
expected from ACAS during ASAS procedures.

The introduction of ASAS potentially raises someerattion issues with ACAS in
terms of airborne system integration and operatiptthe pilot, but these issues are
out of the scope of the IAPA project.

The IAPA project builds on the methodology which vessablished, and the tools
which were developed, for the Full System Safetyld@{ACAla], [ACA1lb] and the
ACAS / RVSM (Reduced Vertical Separation Minimum)eiratction study [ACA3a]
completed within the framework of the ACAS Analysi&CASA) project.
Advantage is also taken of the recent improvememtgght to some of these tools in
the ACAS Safety Analysis post-RVSM Project [ASARP].

The IAPA study comes within the scope of the EURDIJAOL Mode S & ACAS
Programme. It is of particular interest for seveesbas dealing with ASAS
development, e.g. the joint FAA/EUROCONTROL Regomient Focus Group
(RFG) and the EUROCONTROL CASCADE (Co-operative AT8rough
Surveillance and Communication Applications DeployeBCAC) Programme. The
project is based on a two-year-and-a-half schedunte started in November 2002.
The technical work was conducted by a consortiunfioof organisations (DSNA,
EEC, QinetiQ and Sofréavia) and the project was aged by Sofréavia
(ATM division).
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1.2. Background and context

1.2.1. The Role of ACAS in the ATM System

1.2.1.1. The Airborne Collision Avoidance System Il has bé@noduced in order to reduce
the risk of mid-air collisions. It serves as a lesdort safety net irrespective of any
separation standards.

1.2.1.2. ICAO defines ACAS as “an aircraft system based aoiséary surveillance radar
(SSR) transponder signals which operates indepdéydenground-based equipment
to provide advice to the pilot on potential cortfhg aircraft that are equipped with
SSR transponders” (cf. ICAO Annex 2 — Rules ofAlir.

1.2.1.3. From F' January 2005, the carriage and operation of ACASptiant equipment
(i.e. the Traffic alert and Collision Avoidance &m (TCAS) Il version 7.0) is
mandatory in the ECAC area for all aeroplanes of immam takeoff mass
exceeding 5,700 kg or authorised to carry more f€apassengers.

1.2.1.4. ACAS is thus an essential component in the curréitlSystem and it should play
the same role in future ATM operations.

1.2.2. Airborne Surveillance Applications based on ADS-B

1.2.2.1. EUROCONTROL has defined a Roadmap of Operational drgments (Ol) to be
implemented as part of the overall ATM system out@®@@ A significant proportion
of the defined Ols are enabled by Automatic Depen&emveillance - Broadcast
(ADS-B) applications. The envisaged ADS-B relategpleations have, for
implementation feasibility reasons, been organisei ithree packages. Each
package includes both Ground Surveillance apptioatiand Airborne Surveillance
(AS) applications supported by ADS-B.

1.2.2.2. The EUROCONTROL CASCADE programme is in charge ofnpiag and co-
ordinating the implementation of a first package Kage |) of ADS-B applications,
together with more Controller-Pilot Data-Link Commuations services and some
other data link services, in ECAC in the timefrape¢ween now and 2010.

1.2.2.3. The determination of coordinated requirements fazkBge | applications is being
carried out at the international level by the RFdHofving the ED78A/DO-264
guidelines. The RFG membership includes the EUROCODIRCASCADE
Programme, FAA, EUROCAE, RTCA, Airservices Australimpan, and industry.
The main objective of the RFG work is to provide thafety and Performance
Requirements, as well as Interoperability requireshéor surveillance applications
supported by ADS-B (and possibly TIS-B). These megments are based on
definitions of the relevant applications and thesimmments in which they are
operating.

1.2.2.4. At the ICAO level, the Surveillance and Conflictd®tution Systems Panel (SCRSP)
has developed a Circular on ASAS [ICAO-ASAS], whaffdresses the whole range
of ASAS applications included in Packages I, Il didof Airborne Surveillance
applications. Although no commitment yet exists toeirinationally implement
ASAS, the operational use of ASAS is seen as a inmioption to provide an
increase in capacity and flight efficiency whilehancing flight safety in conformity
with the vision for the potential evolution of ATNescribed by ICAO [ICAO-OCD].
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1.2.3. Relationship between ACAS and ASAS applications

1.2.3.1. Along the way towards a mature ASAS environmeningatibility must be assured
between current and future systems and proceduBefore ASAS can be
realistically implemented, questions remain to bewaned in several areas. In
particular, the issue of ACAS and ASAS interactias to be addressed.

1.2.3.2. The purpose of ACAS to is prevent mid-air collisidtirborne collision avoidance is
a last resort function, which requires immediatdoactin normal circumstances,
when separation (ATC or airborne) is provided, @ine collision avoidance should
not be necessary.

1.2.3.3. 1t is thus essential to pay particular attentionctompatibility with ACAS when
designing ASAS applications. Furthermore, it musehsured that ACAS will still
act as an effective safety net under non-nominalioistances.

1.3. Project overview

1.3.1. General
1.3.1.1. The IAPA project [WP00/002] was conducted in thnegn phases:

* Phase | (November 2002 — October 2003) defineddbpesand framework of
the ACAS / ASAS interaction study;

* Phase Il (November 2003 — December 2004) considtéigeoperformance of
the required simulations for an in-depth operatiaralysis of the interaction
between ACAS and ASAS. It also assessed the impa&BAS operations on
the safety benefit provided by ACAS; and

* Phase Il (January 2005 — November 2005) consolid#dte results of the
previous phases and drew the project conclusiodsentommendations.

1.3.1.2. The main achievements and results of Phase | wesemiezl in an interim project
report [WP00/032]. Phases |l and Il capitalisedompthe methodology and
framework which had been developed, and the prelipianalysis which had been
undertaken, during Phase I.

1.3.1.3. The IAPA project represented a total effort of mdran 11 man-years, including
effort related to the project management, and sphrat®mut three years from
November 2002 until November 2005.

1.3.2. Phase |: Scope and framework

1.3.2.1. Phase | of the IAPA project consisted of seleciimgASAS application with the
potential for ACAS interaction, performing a preliraig analysis of the potential
ACAS / ASAS interaction issues, and establishingftlamework required for an in-
depth investigation of the identified issues, andgibly others, within Phase II.

1.3.2.2. It was composed of the following Work Packages (WP):

- WPO01: ASAS application selection and definition. Based agreed
criteria, including the results of WP04, the wodasisted of selecting and
defining an ASAS application of interest for thePA study;
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1.3.2.3.

1.3.3.
1.3.3.1

1.3.3.2.

1.3.4.

1.3.5.
1.3.5.1.

- WP02: Performance indicator definition. The work corsisbf defining a
common simulation framework for IAPA, which consists afset of
scenarios and indicators to assess the ACAS / Aisi&gaction;

- WPO03: Simplified modelling of the ASAS application. Therk consisted
of developing a tool simulating the nominal effectghe selected ASAS
application on the aircraft trajectories; and

- WP04: Case study. This work consisted of a preparatmglysis of the
potential interaction with ACAS for some ASAS apglions of potential
interest for IAPA and a specific analysis of theA&Sapplication selected
for further investigation within I1APA.

- WPO05: ASAS encounter model development. This work stamethin
Phase | with the specification of an ATM encoumerdel, and proceeded
within Phase Il with its derivation into an ASASceninter model.

It should be noted that WP0O1 and WP04 were conduatgarallel and interacted
between each other. The other work areas starliesvfog the completion of WPO1.

Phase |l: Operational and safety analyses

Phase Il consisted of various studies based oerdiit sources of data, i.e. encounter
modelling, modified radar data, flight plan simulatidata and real-time simulation
data. The rationale for using different sourcesdafa was to compensate any
limitations related to each source of data, andojpe with a larger set of issues. It
also consisted of a safety analysis of the poteA@sAS and ASAS interaction.

It was composed of WPO05 and of the first tasks oD®/#® WP10 defined as follow:
- WP05: (ATM and) ASAS encounter model development;
- WP06: Study based on the ASAS encounter model;
- WPQ7: Study based on modified radar data;
- WP08: Study based on flight plan simulation data;
- WP09: Study based on real-time simulation data; and

- WP10: Safety analysis based on the ED78A Operationafetppa
Assessment (OSA) methodology.

The various studies conducted within Phase |l vetsad-alone yet complementary
studies. Nevertheless, certain relationships existetween some work packages,
which are further described in section1.5.

Phase lll: Synthesis and guidelines

Phase Ill concluded the IAPA project by summarising work performed during
Phase | and Phase Il and delivering guidelinegHerdevelopment of future ASAS
applications. It was composed of the report devaleqt tasks of WP06 to WP10 and
of the final work package:

- WP11: Synthesis and guidelines.
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1.4.
1.4.1.

Package |

Relationship between the IAPA Phases

The following figure provides an overview of theeoall IAPA project structure and
the relationship that existed between the variowgept phases. In particular, the
main inputs and outputs of each phase are identified

Phase [: IAPA Interim
Report (WP0O0)

of ASAS—®|  geppeand [ »

applications

1.4.2.

1.4.3.

1.4.4.

1.4.5.

framework
OED of selected ASAS
application (WPO01) .
R Phase II:
Ll
Simulation framework (WP02) .
. Operational
= ATM &ASAS encounter
ASAS simplified model (WP03) and safety models (WPO5)
> analyses >
ATM encounter model specs (WP05)
>
(WP06, W07,
WPO08, WP09)
> Phase Il Synthesis &
Safety study results (WP10) ) ) guidéllines (WP11)
WPO4) »| Consolidation >
> of results

Figure 1: Links between the phases of the IAPA preict

Phase | of the project set up the scope and framkewb the ACAS / ASAS
interaction study through the WP01, WP02, WP03 W05 work areas. It also
provided initial results about the potential ACABSAS interaction issues for a set
of Package | AS applications with the WP04 caséystu

Phase Il was focused on the ASAS application sedeédr further investigation
during Phase |. It further investigated both:

» the operational issues that may result from an iotiera between nominal
ASAS operations and ACAS, using different sourcéglata. This was the

purpose of the simulations conducted within the W8/P@&/P07, WP08 and
WPO09 work areas, and

» the safety issues raised by a potentially reduéfedtereness of ACAS during

non-nominal ASAS operations, through the safety yamiglperformed as part
of the WP10 work area.

The framework set up during Phase | supported thieus simulations conducted
during Phase Il and defined their common bases.

Finally, Phase Ill consolidated the results of tlaious studies performed during
Phase Il, first separately, then in combinationudoig the initial results obtained
during Phasel as part of the WP04 work area. #o atoncluded on the

methodological framework set up by the IAPA projear fstudying the
ACAS / ASAS interaction issue.
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1.5.

1.5.1.
1.5.1.1.

15.1.2.

1.5.1.3.

1.5.1.4.

1.5.1.5.

Relationship between the various Phase Il studies

Relationship between the WP05, WP06 and WPO07 studie

The links between the study based on modified radia (WPO07) and the
development of the ASAS encounter model (WPO05) vdestified from the start of
the IAPA project. Following coordination betweerethlwo work packages, both
studies applied the same general principles to siml&AS operations in lieu of
current ATC operations [WP05/091], [WP07/078].

As illustrated in the following figure, the numeitidaputs of the ATM encounter
model (from which the ASAS encounter model is derif#dP05/071]) were
obtained from the same initial set of radar encasntaptured using agreed capture
criteria as part of the WP07 work area.

Work Package ( Work Package 05

Capture N —
criteria radar
encounter.

( )

Radar dat
recordings

encounte
> model

\

A

ASAS encounts
model

modified

encounter
(with

ASAS)

Figure 2: Links between the WP05 and WPO07 studied tAPA

The IAPA capture criteria are based largely on ¢hased in the ACASA study
[ACA1a], but the tests and parameters have beemeatdo allow the selection of
encounters that correspond to a possible confictAfTC, i.e. encounters involving
two aircraft with a predicted loss of separatiokely to be resolved with the
manoeuvring of one or both aircraft [WP05/045].

Furthermore, the study based on modified radar @&f07) and the study based on
the ASAS encounter model (WPO06) raised similar isswid regard to the
derivation of ASAS encounters. Indeed, in both saffee ASAS application would
replace, when appropriate, the ATC actions to gl®\separation between aircraft.
Although the working method was sometimes differéimé, main principles were
coordinated between the two work packages.

Hence, both studies used the same preliminary ierifee. separation and crossing
status of the encounters) to identify those enagnof potential interest for the
study of the selected ASAS application. In additire identification and removal of
ATC intervention were addressed similarly within lbetork packages. Finally, the
two studies used the simplified model of the ASABliption to simulate the effect
of the ASAS application (cf. section 2.4 for funthieetails).
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1.5.2. Relationship between the WP05 and WP10 studies

1.5.2.1. The IAPA safety study of the ACAS / ASAS interactiGVP10) included, among
other things, the development of a safety encountatel for assessing the benefits
of ACAS during ASAS operations (focused on the gelé ASAS application), i.e.
the ACAS/ASAS safety encounter model.

1.5.2.2. As illustrated in the following figure, the ACAS/AS safety encounter model was
derived from an existing safety encounter model deisgy close encounters
observed in current ATM operations in core Europiz. the ASARP safety
encounter modél This derivation consisted of applying the obsdrekfferences
between the ATM encounter model and the ASAS eneoumbdel developed as
part of the IAPA project (WP05). These differendedween the two models are
ostensibly due only to the introduction of the ASg®cedure into the airspace.

Work Package 05

encounte ASAS encountsg
model model
Differences
safety .| ACAS/ASAS
encounter modgl " | safety encounts
model

Work Package 10

Figure 3: Links between the WP05 and WP10 studied tAPA

1.5.2.3. More precisely, an intermediate step consisted mitting the ASARP safety
encounter model into two separate complementary rmatiglending on whether the
ASAS procedure was applicable or not. The ACAS/AS#Sety encounter model
was then derived from the safety encounter modeiictssd to the encounters where
the ASAS procedure would be applicable (cf. sechi@nhfor further details).

1.6. Document overview

1.6.1. Organisation of the document

1.6.1.1. The document is organised into seven chapters, dimguthis Chapter 1 on the
objectives and purpose of the IAPA project.

1 A European safety encounter model describing cémsmunters observed with conventional ATC
had initially been developed in the ACASA proje&tJAla], [ACALb]. This safety encounter model
has recently been updated in the ASARP project [RBAto address post-RVSM operations in
Europe.
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1.6.1.2.

1.6.1.3.

1.6.1.4.

1.6.1.5.

1.6.1.6.

1.6.1.7.

1.6.2.
1.6.2.1.

1.6.2.2.

1.6.2.3.

1.6.2.4.

Chapter 2 defines the precise scope of the IAPA study indgdhe selection of an
ASAS application with the potential for raising someeraction issues with ACAS.
It also describes the framework set in place durfligase | to support further
investigation of the ACAS / ASAS interaction on thasis of the selected ASAS
application.

Chapter 3 presents the main results of the initial investayatperformed during
Phase | on a set of Package | ASAS applicatioss,the WP04 case study of the
potential ACAS / ASAS interaction issues.

Chapter 4 deals with the operational investigation of theeliaction between ACAS
and the selected ASAS application performed dufgse Il. The results of the
various simulations conducted using various souofetata, i.e. the WP06, WP07,
WP08 and WPOQ9 studies, are presented and comparstewdr possible.

Chapter 5 is dedicated to the results of the safety analgsizducted as part of
WP10 work area during IAPA Phase Il. The tools amethods that supported the
assessment of the safety benefits of ACAS durindA®Soperations are first
presented. Then the main findings of the operatitiaaard assessment and risk
evaluation performed are described.

Chapter 6 consolidates the main results of both the operdtiand safety analyses
and provides a synthesis of the main ACAS / ASASraattion issues identified. It
also provides an overview the methodological framé&wbat supported the various
IAPA studies.

Finally, Chapter 7 concludes on the approach and main results ofAR& Iproject
and draws some recommendations for the future dewaopof ASAS applications
that take into account the potential implicationssed by the ACAS /ASAS
interaction features identified during the project.

Note to the reader

Depending on their interests, the readers are eaged to concentrate on specific
chapters and overview the remaining ones.

The readers who are interested in an overview efpbtential interaction issues
between the ACAS logic and a specific ASAS appiaafpossibly distinct from the
ASAS application selected for further investigatiafthin IAPA) are invited to
concentrate o&hapter 3.

The readers who are interested in the assessméin¢ @otential operational issues
for the European airspace may prefer to concentnat€hapter 4, whereas those
who are more interested in the safety aspects oA®RS / ASAS interaction are
invited to concentrate c@hapter 5.

Finally, the readers who are not particularly intted in the technical work of the
IAPA project are invited to proceed directly@hapters 6 and 7after a brief review
of Chapter 2 (i.e. mainly sections 2.1 and 2.2).
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2.1
2.1.1.

2.1.2.

2.1.3.

2.1.4.

2.1.5.

2.1.6.

2.2.

2.2.1.
2.2.1.1.

Scope and framework of the IAPA study

General

Phase | of the IAPA project first consisted of sdfeg and defining an ASAS
application with the potential for studying a maxim of significant and realistic
ACAS / ASAS interaction issues (WP01). The rangd8AS applications of initial
interest included the Package | of Airborne Sutaeide applications proposed for
early implementation in Europe [PACKI].

Based on agreed selection criteria, including #seilts of an initial investigation of
the potential ACAS / ASAS interaction issues (WRQhe ASAS lateral crossing
procedure was selected for further investigationhiwi the IAPA project (cf.
Chapter 3).

An Operational Environment Definition (OED) was dexgd for the purposes of
the study, which describes the main assumptions talioei selected ASAS
application and its ATM/CNS environment. These asdionp were as realistic as
possible and built on available Operational andviger Environment Definitions
(OSED) dealing with the ASAS lateral crossing aqgaiion.

Finally, Phase | established the framework requicedan in-depth investigation of
the potential ACAS / ASAS interaction issues. Hence

» a simulation framework was proposed involving thrégeent scenarios with
full ASAS / ADS-B equipage (WP02);

» a simplified model of the selected ASAS applicatios, both the ASAS “pass
behind” and “pass in-front” procedures, was devetb@/VP03); and

* an ATM encounter model was specified, with the ofiye of supporting the
development of an ASAS encounter model (WP05).

Within Phase Il, this framework was further devebbgeiith the ASAS encounter
model), and supported the operational analysis ef AKAS / ASAS interaction
issues using various sources of data (cf. Chaptes 4vell as the safety analysis of
the ACAS / ASAS interaction (cf. Chapter 5).

The remainder of this chapter describes the seteptiocess of an ASAS application
with the potential for interaction, as well as t#¢>A operational environment and
simulation framework developed in support to the atigation of the ACAS / ASAS
interaction issue.

Selecting an ASAS application with the potential for ACAS
interaction

Selection criteria and scope

The ASAS application of most interest for studyitg tpotential ACAS / ASAS
interaction issues was selected from a set of RgckaAirborne Surveillance
applications as follows:
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2.2.1.2.

2.2.1.3.

2.2.2.
2.2.2.1.

2.2.2.2.

2.2.2.3.

» Package I/ASPA-S&M Enhanced sequencing and mergiegations;
» Package I/ASPA-C&P: Enhanced crossing and passiagabpns;

» Possible extension of the previous Airborne Spaaipglications into Airborne
Separation applications (Package ).

Further, the following criteria were consideredidgrthe selection process:

« Demanding applicationan application with the potential for studying a
maximum of significant and realistic issues from anACAS safety and
operational performance perspective

» Scope and applicabilitythe larger the scope, the more interesting thA®&S
application since it potentially addresses a widege of operations;

» Maturity: Airborne Surveillance applications proposed forarle
implementation within Europe (Package 1) were oftipalar interest, as well
as extensions of these applications into airborapamtion applications
(Package II).

Finally, available documentation related to the ddete@ ASAS applications was
reviewed in order to determine the most relevanbketcounters to be investigated
within the IAPA study.

Preparatory analysis of candidate ASAS applications

To support the selection of the most relevant ASA®lieation, a preparatory
analysis of the potential interaction with ACAS waerformed, which dealt with a
set of artificial encounters.

These encounters were built so as to simulate tissille aircraft trajectories
resulting from various ASAS operations as describetie literature:

» Package I/ASPA-S&M Enhanced sequencing and mergingperations
- NUP Il Cluster D Arlanda OSED [NUPII-ITS],
- NUP Il Cluster D Frankfurt OSED [NUPII-FRA], and
- NUP Il Cluster E Co-operative ATS OSED [NUPII-COOP3.
» Package I/ASPA-C&P: Enhanced crossing and passingerations:
- MA-AFAS lateral crossing and passing [MA-AFAS], and

- MFF A4 operational procedures (defined as airbasaparation ones)
[MFF-A4].

For each ASAS application, an initial analysis ofed of qualitative encounters was
performed based on the ICAO guidance material adedciavith the ACAS
Standards and Recommended Practices (SARPS). Thaivbjeas to identify the
set of encounter parameters (e.g. encounter geonflgiyt parameters, spacing
values at the closest point of approach) that lhgepotential to trigger an ACAS
alert.
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2.2.2.4.

2.2.2.5.

2.2.3.
2.2.3.1.

2.2.3.2.

2.2.3.3.

2.2.3.4.

2.2.3.5.

2.3.

2.3.1.
2.3.1.1.

2.3.1.2.

In a second step, artificial encounters with spedircraft trajectories were built,
and simulations of the TCAS Il logic version 7.0 wgverformed. These ACAS
simulations were focused on the worst-case scenadestified in the initial
analysis.

The main assumptions and results of the preparatalysis of the ACAS / ASAS
interaction issue are further described in Chapter
Final selection of a demanding ASAS application

In summary, Package I/ASPA-S&M, Package I/ASPA-C&Pd aRackage/Il
separation showed comparable results in the achevewof the agreed selection
criteria with:

e an advantage to Package I/ASPA-S&M for the availgbibf real time
simulation data, an Operational Service and EnvirgrirBefinition, radar data
and maturity of the application;

« an advantage to Package I/ASPA-C&P and Package pargtéon as
demanding applications in terms of potential inteoactvith ACAS.

Package I/ASPA-S&M may be implemented earlier bilgss demanding in terms of
ACAS interaction.

The ASAS Lateral Crossing application can be seearaexcellent bridge between
Package | and Package Il, and it was agreed tlirdiciage | application with the
potential to become a Package Il application cartsstthe best compromise for the
IAPA study.

An additional interest of the ASAS Lateral Crossapplication is that it also allows
the potential issues related to the merging phdséhe® Package I/ASPA-S&M
application to be addressed.

Based on the agreed selection criteria, including tesults of the preparatory
ACAS / ASAS interaction analysis, the ASAS late@abssing application was
therefore selected for further investigation.

Selected application: ASAS Lateral Crossing application

General

The IAPA Operational Environment Definition definte main assumptions within
the study with regard to the ASAS Lateral Crossapplication and the airspace in
which it would be used [WP01/024].

It built on the available OSEDs dealing with theA&SLateral Crossing application.
Care was taken to make assumptions as realistiossbte, while addressing the
study objectives. These assumptions are brieflyeptesl hereafter.
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2.3.2. Operational purpose

2.3.2.1. The purpose of the ASAS lateral crossing applicatioto provide a new air traffic
control procedure, allowing one ASAS equipped aiitcito cross a designated
aircraft. Within the IAPA study, it is assumed foply in radar controlled airspace
between FL60 and FL420

2.3.2.2. To allow for investigation of a wider range of ogions, the IAPA operational
environment envisaged the ASAS Lateral Crossingiegipdn within the scope of
the following options:

* Option I Airborne spacing application, where separation minima are
unchanged (i.e. applicable radar separation minimtae IAPA environment)
and spacing minima depend on aircraft capabilities;

* Option 2 Airborne separation application, where the separation tasks are
transferred to the flight crew for the durationtbe ASAS application and
airborne separation standards are defined. Theded airborne separation
minima applicable by the flight crew.

2.3.2.3. Furthermore, the applicable spacing (Option 1pasation (Option 2) value was
established so as to be realistic yet demandingrmg of potential interaction with
ACAS.

2.3.3. Operational procedure and conditions of use

2.3.3.1. The air traffic controller can instruct a flight der his control to perform an ASAS
lateral crossing procedure against a designateda#tir if some general conditions
are met which ensure the compatibility of the ASA@leation with the provision of
separation by ATC.

2.3.3.2. The ASAS lateral crossing procedure can be accepyedhe flight crew of a
controlled flight if some general conditions are mehich allow for the safe and
efficient execution of the procedure.

2.3.3.3. Two different procedures (i.e. “pass behind” ands'p in-front” procedures) are
distinguished, each of which results in a headiteyation by the aircraft performing
the ASAS lateral crossing procedure.

2.3.3.4. At the ‘Clear of Traffic’ indication, which correspds to the time/location when the
risk of infringement of applicable separation is pvine aircraft performing the
ASAS lateral crossing procedure can resume its asieig direct to track.

2 The lower limit of FL60 was taken to avoid redidas related to noise abatement constraints that
alter the nominal climb rates. The upper limit df4E0 corresponds to the upper boundary of the
RVSM airspace.

EUROCONTROL Mode S & ACAS Programme — DSNA, EEQ&IQ & Sofréavia — IAPA Project Page 36/136



IAPA Project Final Report — Synthesis and guidedine 28-10-2005
IAPA/WP11/114/D Version 1.2

2.3.3.5.

2.3.3.6.

2.4.

2.4.1.
2.4.1.1.

Legend
Reference aircraft (performing the

=
ASAS crossing procedure)
-all Designated aircraft (to be crossed)
o

Closest point of approach

Figure 4: Example of a “Pass Behind” instruction

To cope with the IAPA study purposethe minimum applicable spacing
(Option 1) / separation (Option 2) during the ASAS dteral crossing procedure
was set to 4 NM.This value is derived from the integrity requiremfatpositioning
accuracy of 99.999% atxRNP established within the [RNP-MASPS] assuming
RNP-1 aircraft navigation performances. It is coesd to be the minimum
applicable between two RNP-1 compliant aircraftuasag perfect surveillance and
communication performances.

It is recognised that under certain circumstanbesvalue of 4 NM would be lower
than the Wake Vortex radar separation minimum apgkchp ATC. Depending on
the actual airborne surveillance performances of fitere ASAS equipment,
additional margins will probably have to be taketoiaccount, but this is beyond the
scope of the IAPA study.

Simplified model of the selected ASAS application

Main principles and characteristics

The simplified model developed during Phase | albwee simulation of the effects
of the selected ASAS application, i.e. the ASA%Hal crossing procedure, on the
aircraft trajectories. The development of this sifigadi model was guided by the
following general approach:

» the simulation of the nominal effect of the ASAS prcedure (i.e. assuming
perfect ASAS performance) on the aircraft trajdeorof an encounter
involving two conflicting aircraft (without any AT @tervention); and

» the off-line trajectory modification of the aircraft performing the ASAS
procedure, rather than the execution of an airborne algoritthat would
support the performance of the ASAS applicationeial-time, but potentially
with limited performances due to the simulated ainkosurveillance and
separation processing functions.
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2.4.1.2. The figures below are examples of aircraft trajgesoresulting from the use of the
simplified model of the ASAS lateral crossing proaedun the left-hand figure, the
northbound aircraft was initially crossing the atladrcraft trajectory with almost no
horizontal separation at the Closest Point of Appho (CPA). In the right-hand
figure, the aircraft northbound was the first aftiat the track crossing point, with a
Horizontal Miss Distance of less than 2 NM. In batiodified encounters, the
aircraft manoeuvre resulted in a horizontal sepamati 4 NM at CPA

ASAS “pass behind” manoeuvre ASAS “pass in-front‘'manoeuvre
Y=t §= 1)
*
3 j E
¥ ;
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Figure 5: lllustrations of the simplified modelling of ASAS lateral crossing procedures

Note In both figures, an ‘0’ symbol shows the starthad horizontal trajectory of
each aircraft and a solid line is drawn betweem ladtcraft positions at CPA. The
trajectory of the ASAS manoeuvring aircraft is dégicin black, whereas that of the
crossed aircraft is depicted in red.

2.4.2. Use of the simplified model of the ASAS application

2.4.2.1. Within Phase Il of the IAPA project, the simplifiedodel of the ASAS application
was used within:

» the study based on the ASAS encounter model (WR06jlerive a set of
ASAS encounters from a set of encounters generadatthe ATM encounter
model;

» the study based on modified radar data (WPQO7),etteate a set of ASAS
encounters from a set of encounters extracted fiadarrdata recordings and
modified to remove ATC intervention, when appropriated

» the study based on data extracted from fast-time latronos (WP08), to
generate a set of ASAS encounters from encountstedsfrom fast-time
simulations based on European flight plan data.

2.4.2.2. When using the simplified model of the ASAS applmatto simulate the effect on
the aircraft trajectory starting from an actual emger with ATC, there was a need
to firstidentify and remove any manoeuvre resulting from arATC intervention.
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2.4.2.3.

2.4.3.
2.4.3.1.

2.4.3.2.

2.4.3.3.

This was actually the case during the developménh® ASAS encounter model
(WPO05) and the study based on modified radar daf@O®)\ Indeed, in both cases,
the effects of ASAS application should replace, wappropriate, the ATC actions
to provide separation between aircraft.

Addressing ATC intervention in actual encounters

To allow for comparison between the various sinmotatesults, the same principles
were applied within both studies for addressing Atérvention. It was thus agreed
to:

» identify an ATC intervention when the separation isreduced (and not
necessarily lost) within the modified encounter (vth the ATC intervention
removed)when compared to the original encounter (with ATI@)nany cases
the ATC intervention results in large separatios, greater than the applicable
ATC separation minima, and so the removal of ATCrirdetion does not
necessarily result in a loss of separation.

» consider as candidate ASAS encounters, only thoseaunters with an
ATC intervention that preserves ATC separation In particular, to allow for
a fair comparison between ATC and ASAS, the enarsnwith loss of ATC
separation were discarded from the set of encourtkisterest. Further,
although the ASAS lateral crossing procedure caulprinciple be applied by
ATC even when there was no ATC intervention in dhiginal encounter, this
simplification is considered acceptable within thepe of the IAPA study

* include in the ASAS encounters all the candidate eounters in which
ASAS proved to be applicable,with either an ASAS active or passive
intervention, i.e. with or without a “pass behimdfiont” manoeuvre required
to ensure ASAS separation. Indeed, as far as ATCmdervene to maintain
aircraft separation, the use of ASAS instead of AS@onsidered relevant.
The fact that the use of ASAS has no impact on thgdtory should be
considered as a positive side-effect in termsighflefficiency.

Almost the same types of ATC intervention have bagdressed within both IAPA
work areas including the tactical turns, the tattievel-offs of an aircraft in vertical
evolution and the tactical flight level change onagrcraft in level flight.

Other potential ATC interventions to preserve safian, which are not taken into
account in the IAPA study, include speed regulaian expedite descent/climb
instructions. Indeed, these actions were diffidoltdetermine based only on the
aircraft trajectories without any further knowledafethe actual aircraft performances
or flight plans.

3 Because of the perfect modelling of the ASAS aggion, the simplified model does not result in
any loss of ASAS separation.

4 The encounters without an ATC intervention arekety to be modified by the simplified model of
the ASAS procedure, and so would not be of intefesta comparative assessment of the
compatibility with ACAS between ATC and ASAS.

5 No direct correlation was possible between theenters extracted from the radar data (which were
missing the call-sign information) and the flighdup recordings collected within the study.
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2.4.3.4.

The horizontal and vertical manoeuvres were adddegslependently. Further, for
some encounters, more than one ATC intervention doeildientified. The common
strategy applied when removing the manoeuvres idedtifis possible ATC
interventions is summarised in the following table:

Type of ATC Madified encounter
intervention

Single intervention | Removal of the horizontal (respectively, verticaBnoeuvre on the
manoeuvred aircrgfonly if it reduces horizontal (respectively,
vertical) separation at closest approach

(on only one
aircraft)

Double intervention | Removal of the horizontal (respectively, verticainoeuvre
preferably on both manoeuvred aircriéft reduces horizontal
(respectively, vertical) separation at closest aggin

(at least one
manoeuvre on both
aircraft) Otherwise, removal preferably of the lathetizontal (respectively,
vertical) manoeuvre, or the first one otherwisé, i€duces
horizontal (respectively, vertical) separationlasest approach

2.4.3.5.

2.4.3.6.

2.5.

25.1.
2.5.1.1.

2.5.1.2.

Table 1: Removal of ATC intervention within actualencounter

The vertical manoeuvres were similarly removed by ragsy that the aircraft
continues at the same vertical rate. @elimbing/descending aircraft that originally
reverses its rate or levels-off shall continuelimlo/descent at the same vertical rate;
an aircraft that originally leaves level flight dhstay in level flight), whereas the
removal of horizontal manoeuvres slightly diffefeetween the two work packages
[WP5/091], [WPQ7/078].

The minor discrepancies that existed between th&®3\A&hd WPO7 studies were
linked to their respective assumptions and limitatiaand notably the distinct
encounter time windows addressed within the two istudFor instance, the
encounters generated by the ATM encounter modatarstrained to a maximum of
two turns in each aircraft trajectory, whereas mmms can be observed in the
trajectories of aircraft in radar encounters.

The ATM and ASAS encounter models

Scope

Within IAPA Phase I, initial work consisted of déwging the specification of an
ATM encounter model for the airspace associatedh wvilie selected ASAS
application. This work builds on the specificatioinan ATM encounter model in the
ACAS SARPs and the specification of the Europedatgancounter model in the
ACASA project.

Within IAPA Phase Il, an ASAS encounter model wasivée from the ATM

encounter model [WP05/071], which was assumed to haodairspace in which the
selected ASAS application is used by ATC accordiogthe conditions of
applicability and operational use defined in thefirbel IAPA operational
environment.
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2.5.1.3.

2.5.2.
2.5.2.1.

2.5.2.2.

2.5.2.3.

2.5.3.
2.5.3.1.

2.5.3.2.

2.5.3.8.

2.5.3.4.

Both the ASAS and ATM encounter models have the sstmeture, but differ in
terms of likelihood of specific encounters. Theonenon structure is further
described hereafter, whereas their development epsocand main encounter
characteristics are further described in secti@n 4.

General features

The advantage of an encounter model is that it eamsked to generate an arbitrarily
large set of artificial encounters whose propertes characteristic of a given
airspace.

These encounter properties are specified by apiptepparameters, whose values
can be different in each encounter and are detedniby being selected

stochastically from a distribution of probabilitiespresentative of the considered
airspace. Many of these distributions are in thenfof histograms. Hence, the

encounter model includes a set of tables definirgtobabilities of each of the

encounter parameters.

The encounter model parameters define the charstaterbf individual trajectories
and their relationship to one another when combintedan encounter.

Encounter properties

Each encounter takes the form of a sequence of-timeensional positions at
regular intervals. The time window of each encourge® minutes and is centred
upon the instant ofclosest approach

Closest approach is defined here as the minimum inasune of closeness referred
to as ‘propinquity . Propinquity considers the horizontal and veltmamponents of
separation separately and scales them accordinghdoappropriate separation
minimum before combining them in a normal manner usirthdypras’ theorem.

This definition of closest approach, which différsm the one used when studying
the efficacy of ACAS, is used because horizontglasgtion standards are much
larger than vertical separation standards andit@es$ the capture of the operational
characteristics of encounters in which safety isnazessarily compromised (even if
there is an infringement of separation standards).

The altitude at which each encounter occurs israiniant feature of the model. The
airspace is divided into a number alfitude layers whose boundaries have been
chosen to reflect the differing characteristicsaof traffic and ATC procedures at
different altitudes. Most of the distributions withthe encounter model have a
dependency on the particular layer to which an entay has been assigned.

EUROCONTROL Mode S & ACAS Programme — DSNA, EEQ&IQ & Sofréavia — IAPA Project Page 41/136



IAPA Project Final Report — Synthesis and guidedine

28-10-2005

IAPA/WP11/114/D Version 1.2
Layer6 2 3 4 5
from 5000ft FL135 FL215 FL295
to FL135 FL215 FL295 FL415

Table 2: Altitude layers in the IAPA encounter mogels

2.5.3.5. The model includes eiglircraft performance classesbased on engine type and
airframe size. These are broad classes intendegptoduce the typical performance
limitations of groupings of aircraft rather tharpreduce the precise performance of
any particular types. Limitations on altitude, spped vertical rate are taken into
account when the distributions within the model sampled.

2.5.3.6. Thevertical and horizontal profiles of each aircraft are specified by the timing and
magnitude of accelerations defining aircraft manoesvr

The vertical profile consists of three segmentflighit at constant vertical rate
between which there are two potential vertical maroes in which the

vertical rate may change. Where the vertical pesfibf the aircraft need to be
correlated, this is achieved by selecting the feofypes from a joint

distribution.

In each segment, the aircraft may be in a climb J;'@{ a descent (“D”) or
flying level (“L”). Each vertical profile is alsosaigned an overall vertical
trend, which can be “climbing”, “descending”, “le¥elr “mixed”.

The horizontal profile consists of three segmeifitfight on given headings
between which there are two potential turns. Thabability of each aircraft
executing a turn in each portion of the encounténdew is determined
independently. Further, the probability of a tuepends on the general trend
of the vertical profile, and whether or not theihontal profiles of the aircraft
need to be correlated.

The turns themselves are specified by the time ahwimey start, the change
in heading (or track, since for the sake of simpliche effects of wind are
ignored in the model), and the bank angle usedh@ee the specified change
in heading.

In addition, the speed of the aircraft may vanainencounterThe probability
of a change in speed and its nature is determinetthdogeneral trend of the
vertical profile.

The speed profiles of the two aircraft are deterchimelependently. However,
the relative speeds of the two aircraft, in encetmthat are not vertically
separated, are considered when deciding whichaftirpasses in-front the
other should the ground-tracks of the aircraft erétence, there is a tendency
for the faster aircraft to pass behind the slovireraft in the model.

6 The first layer considered within IAPA is namedyka?2, and its lower boundary was set to 5000 ft,
for compatibility with encounter models used in@ti\CAS studies, which include a Layer 1 that
corresponds to the altitude band from 1,000 ft,@®6 ft.
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2.5.3.7.

2.5.3.8.

2.5.3.9.

Aircraft are frequently in level flight in which sa they fly close to (nominally at)
standard cruising levels. These standard cruigugl$ are separated by the vertical
separation minimum (viz. 1,000 ft in the airspacd snge of altitudes considered
within the IAPA encounter model). There are consatjyenany instances when, in
an encounter, the two aircraft are flying levelcldsest approach separated by a
multiple of 1,000 ft. For this reason, the encountedel distinguishes between:

e ‘level-level’ encounters(i.e. both aircraft flying level close to (nominalkht)
standard cruising levels); or

e ‘non level-level’ encountergi.e. at least one aircraft not flying level absbst
approach).

An essential feature of the encounter model issdparation at closest approach,
i.e. at the Closest Point of Propinquity (CPR)This is composed of a horizontal
component (‘Horizontal Miss Distance’) and a veiticamponent (‘Vertical Miss
Distance).

In those encounters in which it is judged that s&ian is being provided in a given
dimension (i.e. horizontal or vertical) at closapproach, the aircraft profiles of the
two aircraft in the other dimension are independeint those encounters in which it
is judged that separation is not being providedaigiven dimension the aircraft
profiles in the other dimension are correlated.

2.5.3.10Hence, separate Vertical Miss Distance (VMD) andrittmtal Miss Distance

254,
2.54.1.

2.5.4.2.

2.5.4.3.

(HMD) distributions are used for the ‘non leveld¢vand ‘level-level’ encounters,
to reflect the tendency of aircraft in level-levehcounters to be separated by a
multiple of the vertical separation standard.

Encounter generation

Once the positions and velocities of the two aftcea closest approach and the
accelerations and timings defining the manoeuvres Haeen determined, it is
possible to construct the aircraft trajectoriestighout the encounter window.

In some respects the encounters generated by thessrdescribed above can be too
smooth, lacking the variations around general trefosnd in real aircraft
trajectories. This shortcoming is overcome by inti@dg realistic variations in the
aircraft trajectories. This process incorporateth lzorandom component (“wobble”)
and a systematic component (“modulation”) — hen¢&# come to be known by the
portmanteau word “wobbulation”.

Wobbulation is applied independently to both theizumtal and vertical positions of
each trajectory. For the IAPA model, the wobbulajp@mameters have been chosen
so that the variations in horizontal position acenpatible with the aircraft having
navigation of RNP-1 capability, and the variatiamsertical position are compatible
with the aircraft having altimetry and navigatiorrfpemance that is RVSM MASPS
compliant.
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2.5.5.
2.55.1.

2.5.5.2.

2.5.5.3.

2.5.6.
2.5.6.1.

2.5.6.2.

2.5.6.3.

“Front-end” and “back-end” processing

The tables of the encounter model are populatechblysing very many encounters
that represent the airspace to be modelled and wimminting the number of
instances of an encounter with given properties.

When the source of encounters is real events obdervradar data then some pre-
processing to identify relevant encounters is néedéis is achieved using a tool
called the “front-end” which implements the agree®Mencounter capture criteria.
When the encounters are produced by an encounteelmamd then modified in
some way (i.e. to model an evolution of the initiat@eunter model), the encounters
can be used directly.

Once the appropriate set of encounters has beembkd, they can be analysed to
determine their characteristics and populate thkes$aof the encounter model under
construction. This is done using another tool dalle “back-end”.

run “front-end” run “back-end”

P —
Radar _data radar encounts
recordings encounters+ > model

( )

Figure 6: Tools supporting the derivation of the ATM encounter model

Validation of the ATM encounter model

The specification of the structure of the ATM enectair model was developed before
the radar data and the tools to analyse the raaftar wiere available. Therefore, a
number of assumptions were made concerning theldiitsh of certain parameters
and their possible interdependence with other paersie

A validation exercise was undertaken to determimevidlidity of a number of key
assumptions sustaining the specification of the AEMcounter model. The
validation exercise included a statistical analysfissome of the key assumptions
using the log of parameters generated when enceuwene processed by the back-
end facility, as well as an operational analysisah experienced former air traffic
controller, of a sample of more than one hundrexenters generated by the model.

Although pointing out areas of improvement in the@mter model, the statistical
analysis has demonstrated the relevance of key asismsipof the model
[WP05/107]. This is particularly the case for thetidction made between ‘level-
level' encounters and ‘non level-level’ encountdfsrther, the statistical analysis
revealed that:

» a uniform distribution of the encounter altitude hirit each layer might not be
appropriate. A significant example was the layeFI5205 to FL415) for which
there was a definite tendency for encounters tairoowre toward the middle
of the layer (close to FL350) than at the extrenfaékealtitude layer.
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* amore natural altitude layers for ‘level-level’ enaters would have divisions
at FL275 and FL315. With the current altitude |ay#iere is a tendency to
have too few level-level encounters in the altitualege FL275-FL295 and to
many level-level encounters in the altitude rang899-FL315.

» there are at least four distinct distributions bé tapproach angle in each
altitude layer (instead of the two currently spiecifin the encounter model)
depending on the separation mode (i.e. horizontdloanvertical) of the
encounter.

2.5.6.4. The operational analysis assessed the realismecéribounters from an operational
perspective using expert judgement [WP05/117].Meadéed that generally the ATM
encounter model produced encounters representdtih@se that might be expected
in reality. However a number of unrealistic featungere observed including
improbable ground speeds (i.e. high speeds at lttud# and low speeds at high
altitudes), inconsistent vertical rates and grospeeds.

2.5.6.5. These features appeared to result from an oversgigtite implementation of the
model, which failed to correlate the speed tableth whe altitude layers. This
deficiency might have had some effect on the sulemeig ACAS and ASAS
simulations, but is not expected to affect the tesignificantly.

2.5.6.6. Further, the number of unresolved conflicts (widngicant or small infringements
of the applicable separation minima) was judged telightly too high. This feature
was confirmed by the rates of ACAS alerts that wesenputed from the ATM
encounter model, which were greater than the figuteserved in real-life (see
section 4.7).

2.6. IAPA simulation framework definition

2.6.1. Scope and purpose

2.6.1.1. To support the in-depth investigation of the ACASSAS interaction within IAPA
Phase Il, a common simulation framework was defined;wtonsists of:

* a set of scenarioswith and without ASAS”, which supports the assessment
of ASAS lateral crossing operations in comparisothvdgonventional ATM
operations before the use of ASAS; and

* a comprehensive set ofACAS /ASAS interaction indicators’, which
supports the assessment of the potential improvenserdsawbacks for both
ACAS and ASAS operations.

2.6.1.2. These scenarios were defined taking into accoungitspace and ASAS application
characteristics defined in the IAPA operationalismment. All scenarios (with and
without ASAS) include the ACAS component as a caistr Indeed, ACAS is an
essential element of the ATM system, and it is neisaged that its role should be
put in question as a result of the introductioM\8fAS operations.
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2.6.2. ASAS scenarios

2.6.2.1. Three different scenarios related to ASAS operatiovere defined for further
investigation:

* Scenario Mix of pass behind/in-front”. Both “pass in-front” and “pass
behind” procedures were applied to ASAS equippedrat, in accordance
with their respective conditions of use. Furtheeference was given to the
“pass behind” procedure, as far as the proceduspjpdicable in accordance
with its conditions of use;

e Scenario Pass behind: Only “pass behind” procedures were applied to
ASAS equipped aircraft, in accordance with theimditions of use; and

» Scenario Pass in-front: Only “pass in-front” procedures were applied to
ASAS equipped aircraft, in accordance with themditions of use.
2.6.2.2. Scenario elements of particular interest includedfttiowing:

» ASAS application characteristics (e.g. minimum hortabn spacing
(Option 1)/separation (Option 2) value at CPA) andditions of use;

» Characteristics of pilot behaviour during an ASAsplecation, as well as in
response to any ACAS alert;

» Level of aircraft equipage (e.g. ACAS, ASAS/ADS-§ugage); and
* Level of aircraft navigation capabilities (e.g. RNPRVSM).
2.6.2.3. Unless otherwise required to perform a sensitivitig, and in order to investigate
ACAS / ASAS interaction on the most demanding batie, default value for the
targeted horizontal spacing (Option 1)/separat@ptipn 2) value at closest point of

approach during and an ASAS lateral crossing prnaeedvas set as 4 NM (cf.
paragraph 2.3.3.5 for further details).

2.6.3. ACAS equipage and pilot behaviour

2.6.3.1. In accordance with the mandatory carriage of ACAfliegble by 1st January 2005
in ECAC, all aircraft with a maximum takeoff mass esding 5,700 kg or authorised
to carry more than 19 passengers have been assuowes! IT version 7.0 equipped.

2.6.3.2. Unless otherwise specified (in particular withie tAPA safety analysis), a standard
pilot reaction model, as defined in [ICAO-ACAS], wapplied for all ACAS
equipped aircraft in response to the Resolutionigahies triggered by the ACAS
logic.

Note A recent ACAS safety study [ASARP] has identifigdrious actual pilot
reactions to ACAS alerts. However, it is not knaiviihe pilot behaviour observed in
the current European airspace will be unaffectedth®y introduction of ASAS
operations. Therefore, it was decided not to védwy pilot reaction model to an
ACAS alert or to vary the rate of pilot compliancéhwan alert during the I1APA
operational analysis.
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2.6.3.3. In addition, the following assumptions were usechweégard to aircraft equipage:

» All aircraft are equipped with a Mode S transponaied report their altitude in
25-ft increments

» All ACAS equipped aircraft supply their ACAS logigith the most fine own
altitude quantization (i.e. one foot); and

» A perfect TCAS Il surveillance is assumed, i.e. suwveillance errors have
been introduced in the ACAS simulations.

2.6.4. ACAS / ASAS interaction indicators

2.6.4.1. To allow for the assessment of the potential ACASAS interaction from different
perspectives, four distinct sets of ACAS / ASASmartion indicators were defined
which highlight potential improvements or drawbacéspectively in terms of:

» ACAS safety performance From an ACAS perspective, priority is given to
the assessment of the safety benefits provided bjaSA@ith and without
ASAS. The aim would be to answer the question: “whacceptable from an
ACAS standpoint?”. The ACAS safety indicators aypidally related to the
effectiveness of RAs during non-nominal operations.

» ASAS performance From an ASAS perspective, the purpose is to aghess
potential impact of ACAS on the expected benefibefthe ASAS application.
More precisely, the focus is on assessing the im@icACAS on the
applicability of the ASAS lateral crossing proceeltinrough the likelihood of
ACAS alerts during ASAS operations.

» Pilot acceptance The objective is to assess from a pilot's perspecthe
acceptability of ACAS during ATM operations with carwithout ASAS,
through:

- the issuance of appropriate ACAS alerts (typica®As) during non-
nominal operations; and

- the extent to which undesirable ACAS alerts (bofks Tand RASs) occur
during nominal operations.

* ACAS / ASAS compatibility: The objective is to assess the impact of ASAS
on ACAS, and vice-versa, from an overall ATM perdpes i.e. the
compatibility of ACAS with ATM operations with and itout ASAS,
including the extent to which disruptive ACAS ate(typically, undesirable
RAs), and deviations from clearance resulting froompliance with RAs,
occur during operations.

7 Although not all aircraft are currently able topoet their altitude in 25-ft increments, this
assumption is considered operationally realistithat2,010 timeframe considered within the IAPA
study. In addition, introducing a small proportiohaircraft reporting altitude in 100-ft quantanist
expected to modify the simulation results.
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2.7. ACAS simulation tools

2.7.1. The execution and analysis of the ACAS simulatibase been performed by the
various organisations involved in the IAPA projading their own simulation
facilities. These ACAS simulation tools include:

« The EUROCONTROL ‘Interactive Collision Avoidancengilator’, i.e. the
[INCAS] tool, version 2.4;

e The French DNSA ‘Off-line Simulator for Collision Aidance Resolution’,
i.e. the [OSCAR] test bench, version 5.0; and

e The QinetiQ in-house ACAS simulator, i.e. STC20.

2.7.2. All three simulators include an implementation of h€AS Il logic version 7.0
conforming to the TCAS Minimum Operation Performancan8ards [TCAS-
MOPS] incorporating the changes specified in TexhinStandard Order C119B
[TSO-C119B]. For the two last tools, the simulaté@iAl logic also incorporates the
modification to the TSO recommended by RTCA SC-1&eguirements Working
Group in 1999 [TSO-C119B-RWG], i.e. approved chanféo 92 and 98.
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3.1.
3.1.1.

3.1.2.

3.1.3.

3.1.4.

3.2.

3.2.1.
3.2.1.1

3.2.1.2.

Initial investigation of the ACAS / ASAS interac  tion

General

Within IAPA Phase I, an initial ACAS/ASAS intetaan study (WP04) was
performed to support the selection of a demanding2&pplication to be further
investigated during Phase 1.

A preliminary analysis consisted of studying the AL And ASAS interaction
through the use of a qualitative set of artifi@atounters, representative of Airborne
Surveillance applications proposed for early impletagon in the CARE-ASAS
Package | [PACKI].

This preparatory analysis highlighted the poteniiééraction that exists between
ACAS and the ASAS lateral crossing procedure. Furth specific case study of this
ASAS application was performed at the end of IAPA$thl, which confirmed its
final selection as a demanding application from anA&C ASAS interaction
perspective.

The remainder of this chapter describes the madystasumptions and results of the
preparatory analysis of a set of Package | AS egiptins, as well as the specific
case study of the ASAS application selected fothfur investigation within 1APA
(cf. [WP04/029] for further details).

Preparatory analysis of a set of Package | AS applications

Scope and approach

The scope of the preparatory analysis of the pialeCAS / ASAS interaction
issues was as follows:

» Package I/ASPA-S&M Enhanced sequencing and mergingperations
Two encounter types corresponding to the mergingthadn-trail phases of
the ASPA-S&M application were selected for furthealgsis. In addition, the
encounter type dealing with the in-trail phase wasposed to include aircraft
turns.

» Package I/ASPA-C&P: Enhanced crossing and passingperations. Three
encounter types corresponding to the lateral angs$he vertical crossing and
the lateral passing procedures were selected fhrefuanalysis.

For each encounter type, a preliminary step combisfeidentifying the set of
encounter parameters (e.g. encounter geometryf figtameters, separation values
at closest approach) that have the potential ggéri an ACAS alert. This was
determined on the basis of the guidance materiabcisted with the ACAS
minimum requirements defined in ICAO Annex 10, Volume[IRAO-ACAS], and

in particular the protected volume defined by mednh@range test and altitude test
(cf. Appendix B for further details).
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3.2.1.3.In a second step, specific and demanding encounters generated using an in-

house aircraft simulator [BASILE] and ACAS simulatiowere performed using the
OSCAR test bench [OSCAR], which includes an implemigo of the TCAS I
logic version 7.0. These simulations were conducssuming ACAS equipage,
altitude reporting in 25-ft increments and standalot reaction to ACAS resolution
advisories for all aircraft.

3.2.1.4. 1t should be noted that both the analysis based@®AS SARPS and the ACAS

3.2.2.

logic simulations were performed assuming perfect @BiSormances.

Characteristics of the simulated ASAS encounters

3.2.2.1. In support to these ACAS simulations, a set of gatie encounters was built for

each ASAS application of interest, which involvedot aircraft with various
performances. Aircraft trajectories were generatewing to aircraft performances
defined in the EUROCONTROL BADA tables [BADA] foraeh of the following
representative aircraft types:

Alc type ATR 42/72| SAAB 2000 | A320 B767-300 | A340 B747-400
Propulsion Type Turbo Turbo Jet Jet Jet Jet
Approach Category B B C C D D

WV Category Medium Medium Medium Heavy Heavy Heavy

3.2.2.2.

3.2.2.3.

3.2.2.4.

3.3.

3.3.1.
3.3.1.1.

3.3.1.2.

Figure 7: Aircraft types investigated during the IAPA preparatory analysis

Encounters resulting from all possible combinatidraiocraft types were analysed
since they correspond to different situations mmieof aircraft performance mix. In
addition to the aircraft type, other encounter paeters of interest included the
relative positioning of aircraft trajectories, aslinas the aircraft relative velocities, at
closest approach.

The simulated trajectories were ideal trajectoriéth weither any wind effect nor
any trajectory blunders or overshoots due to naiigeerrors. This was considered
an acceptable assumption for a preliminary analysis.

It should also be noted that the ratios of TAs Rdd depend highly on the aircraft
performance mix included in the set of simulated entang, which was not intended
at this stage to be representative of the Eurofleanof aircraft.

Preparatory analysis of the ASPA-S&M merging phase

Scope of the analysis

The investigation of the merging phase of ASPA-Saqging & Merging encounters
dealt with encounters where two aircraft are cogivey in-descent towards the same
merging point (WPT) at the same FL, and then follbw same track after WPT,
which is either part of a STAR, or of an approachcpdure.

Further, it was assumed that a speed constrainteapal the merging point, e.qg.
maximum |AS of 280 kt below FL200, 250 kt at or belBW120, and 220 kt at or
below FL60, respectively.

EUROCO
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3.3.1.3. The encounter parameters of particular interestidtex the following:

» the required spacing at WPT, either in time or dista which depends on the
flight level. To be operationally acceptable, thacing should not be lower
than the radar separation minimum (typically, 5 NMErtended-TMA and
3 NM in TMA) nor the wake turbulence separation minm which depends
on both aircraft types (as described in Appendix A)

« the angle of convergence at WPT (maximum value oflélfiees in STARs
and up to 180 degrees in approach proce8urégically below FL60); and

« the relative initial speed of aircraft 1 (leadinigceaft) and aircraft 2 (trailing
aircraft), which depend on both aircraft types anitial altitudes FL1 and FL2;

\
\
\
\

\
D2, FLiSpeedz
<

1
|
1
1
]

WPT, FL, IAS

/
/
/
7

D1, FL1, Speedl
Figure 8: Horizontal trajectories of an ASPA-S&M enmunter - merging phase

3.3.2. Main results of the preliminary analysis

3.3.2.1. The preliminary analysis based on the ACAS guidanagerial indicated that some
marginal merging situations, with a required spacialge at the merging point close
to 3 NM, may trigger a TA under certain circumstances

3.3.2.2. This was confirmed by the ACAS logic simulations peried on various sets of
(216) merging encounters at given altitudes and wgitlen angles of convergence.
The following table presents the ratio of TAs gated in these sets depending on
the horizontal miss distance between both aircraft:

8 Approach procedures with converging tracks frorpasite directions do not apply everywhere, but
are operationally realistic. Furthermore, they espond to the most demanding situations in terms of

ACAS / ASAS interaction.
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Figure 9: Ratio of TAs for ASPA-S&M merging encoungrs against horizontal
separation at WPT

3.3.2.3. As shown, no occurrence of TAs is triggered withtalice spacing at the merging
waypoint greater than the en-route radar separatiimima, i.e. 5 NM, which
corresponds to a time separation of 60 seconds &P@-lwith the given IAS of
250 kt.

3.3.2.4. For distance spacing values between 3 NM and 4 tR&lratio of TAs generated per
aircraft with TCAS Il logic version 7.0 depends tite targeted flight level at the
merging waypoint. It rises up to about 50% for thecarinters with aircraft
converging at 90 degrees towards FL120, and ista2@® for the encounters with
aircraft converging at 180 degrees towards FL60.

3.3.2.5. An illustration of a TA triggered during a mergingogunter at 90 degrees towards
FL120 and involving two distinct aircraft typesg.ian Airbus A320 and a Boeing
747-400, is provided in the following figures:

Horizontal profile Vertical profile

¥ = fi) alt = 1ty

Legend

y (NM)
|
alt (it % 100}
|

15 115

&0 an 150 130 zi0 z0

o 0
{00: 00: 00)

s 120
# (NM) tirne (53

Figure 10: Traffic Advisory during the merging phase of an ASPA-S&M encounter (at
90 degrees)

Note In the left figure, the solid line is drawn besweboth aircraft positions at
CPA, whereas the dotted line is drawn between itfveat positions at the time the
TA is first issued. The evolution of the intrudeatss (on board aircraft 1) is also
represented along the aircraft trajectory usingutheal TCAS Il symbols.

EUROCONTROL Mode S & ACAS Programme — DSNA, EEQ&IQ & Sofréavia — IAPA Project Page 52/136



IAPA Project Final Report — Synthesis and guidedine 28-10-2005
IAPA/WP11/114/D Version 1.2

3.3.2.6. However, it should be noted that such aircraft sgaqso close to the radar
separation minima in TMA) is unlikely to occur dugitypical merging situations.

3.4. Preparatory analysis of the ASPA-S&M in-trail phase

3.4.1. Scope of the analysis

3.4.1.1. The investigation of the in-trail phase of ASPA-Bencing & Merging encounters
dealt with encounters defined as follows:

» Both aircraft fly along the same trajectory, eitteempublished trajectory in
‘NAV Trail' mode, or the vectored trajectory flownylihe leading aircraft in
‘Target Trail’ mode.

» Both aircraft are in descent towards same altitédg at final WPT, where a
speed constraint is defined, e.g. IAS set to 174 K000 ft.

* The trailing aircraft (aircraft 2) is not allowed select its own turn point in
order to maintain the required spacing by flyingifeecent track distance than
the leading aircraft (aircraft 1).

Alt2, Speed2 Altl, Speedl
o A -
y ¥ +
Base leg
length
+
WPT, Alt, IAS

Figure 11: Horizontal trajectories of an ASPA-S&M encounter - in-trail phase

3.4.1.2. The encounter parameters of particular interestidtex the following:

» the required spacing at WPT, either time or digtarehich should not be
lower than the radar separation minimum (typicalfN3, possibly reduced to
2.5NM, in TMA) nor the applicable wake turbulenseparation minimum;
and

» the relative initial altitude and spacing betwebr two aircraft. The initial
spacing between both aircraft at the start of theoenter is set so as to obtain
the maximum throughput at WPT, while still preservititte applicable
separation minimum.

3.4.2. Main results of the preliminary analysis

3.4.2.1. The preliminary analysis based on the ACAS guidanaterial indicated that all the
in-trail situations that may trigger a TA would rim# operationally acceptable:

» when flying along the same transition leg, sincerait are flying with similar
speeds, the maximum miss distance triggering an AG&®%ia defined by the
DMOD parameter (cf. Appendix B for further detailsyhose value is far
below the applicable Wake Vortex (WV) radar separaiinima;
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Alitude|  2350ft-FL50|  FL50-FL100] FL100-FL200
DVIOD (NM) for TA 0,33 0,48 0,75
DVIOD (NM) for RA 0,20 035 0,55

Legend In-trail spacing greater than the WV radar sefpanaminima [ |
In-trail spacing lower than the WV radar separatiinima [ ]

Table 3: Potential ACAS alerts during an ASPA-S&M -in-trail phase along same
transition leg

» when flying on one side and the other of the bage the configurations that
may trigger a TA would correspond to a base lengthet than the radar
separation minimum in TMA, i.e. 3 NM, or lower tharetminimum base
length required for the aircraft to turn (at maximuamk angle of 25 degrees).

TAS
Turn

Minimum Base
Leg Length

Maximum miss distance (in NM) for TA

(Kts)

Turn at 25
degrees

180,00

190,00

200,00

210,00

220,00

230,00

240,00

250,00

260,00

270,00

280,00

290,00

300,00

2350ft-FL50

FL50-FL100

FL100-FL200

2,1

2,5

3,9

310,00

4,0

320,00

4,1

330,00

4.2

340,00

4.4

350,00

7,7

4,5

Legend In-trail spacing greater than both the minimum Hagdength
and the horizontal separation minima

In-trail spacing lower than the minimum base legythn

L 1

s,

In-trail spacing lower than the horizontal separatminima [ ]
In-trail spacing lower than both the minimum basgléngth [N
and the horizontal separation minima

Table 4: Potential Traffic Advisories during an ASPA-S&M - in-trail phase along
opposite transition legs

EUROCONTROL Mode S & ACAS Programme — DSNA, EEQ&IQ & Sofréavia — IAPA Project

Page 54/136



IAPA Project Final Report — Synthesis and guidedine 28-10-2005
IAPA/WP11/114/D Version 1.2

3.4.2.2.In view of the previous results, which show the iioffable occurrence of ACAS
alert during in-trail encounters, no ACAS logic siations have been performed for
the in-trail phase of ASPA-Sequencing & Merging &tlon.

3.5. Preparatory analysis of the ASPA-C&P lateral crossing

3.5.1. Scope of the analysis

3.5.1.1. When investigating lateral crossing encounters lfikeo result from ASPA-
Crossing & Passing operations, the encounter paresnete particular interest
included the following:

» the required spacing at the track crossing poiithee in time or distance,
between the first (aircraft 1) and second (airc&ftaircraft at the crossing
point. To be operationally acceptable, this spachguld not be lower than
both the radar separation minimum (typically, 5 NMemroute and 3 NM in
TMA) and the applicable Wake turbulence separatiammum.

» the angle of convergence at the track crossingt feaiue between 30 degrees
and 150 degrees); and

» the relative speed between both aircraft duringctiossing, which depends on
the angle of convergence and the speed of botha#ti(evhich may be distinct
if aircraft types are distinct).

FL1, Speedl

FL2, Speed2 4}

Figure 12: Horizontal trajectories of an ASPA-C&P ercounter with lateral crossing

3.5.1.2. It should be noted that, depending on the angleomivergence between aircraft
tracks and the relative speed between both airdredtresulting CPA occurs either
before or after the first aircraft passes the tradssing point.

3.5.2. Main results of the preliminary analysis

3.5.2.1. The preliminary analysis based on the ACAS guidanegerial indicated that some
crossing situations with a tight, but operationallyceptable, spacing values at the
track crossing point may trigger a TA under certeilcumstances, in particular at
high altitudes with great converging speeds.

3.5.2.2. This was confirmed by the ACAS logic simulations perfed on various sets of
crossing encounters at given altitudes and witlergigngles of convergence. The
following table presents the ratio of TAs generateal these encounter sets
depending on the horizontal separation at CPA:
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E 90 degrees, FL190 W90 degrees, FL330 135 degrees, FL330
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Figure 13: Ratio of TAs for ASPA-C&P lateral crossirg encounters against horizontal
separation at CPA

3.5.2.3. As shown, at high altitude (i.e. FL330), for HMDlwas close to the en-route
separation minimum, i.e. between 4.5 NM and 5 NM,rdi® of TAs is about 67%
for the crossing encounters at 90 degrees andsrajsto 100% in case of converging
tracks at 135 degrees.

3.5.2.4. No RA was triggered over the whole set of simulardounters thanks to the ‘Miss
Distance Filter' (MDF) of TCAS Il logic version 7.(However, the preliminary
analysis based on the ACAS guidance material inglic#tat when circumstances
prevent the MDF from being fully effective some ssing situations with probable
aircraft speeds could trigger an RA.

3.6. Preparatory analysis of the ASPA-C&P vertical crossing

3.6.1. Scope of the analysis

3.6.1.1. The investigation of vertical crossing encountakely to result from ASPA-
Crossing & Passing operations dealt with encourtefined as follows:

» Both aircraft are assumed to be flying along trattkat cross and are not
necessarily horizontally separated at the tracksing point.

* One aircraft is assumed to be in level flight ahd bther, with a changing
vertical rate, is levelling-off below the other @mft just before the track
crossing point, and resumes its climb only when saqeired lateral spacing
is restored between both aircraft.

FL1, Speedl
N
>
CPA
FL2, Speed2’

Alt2, Speed2

Figure 14: Vertical trajectories of an ASPA-C&P encainter with vertical crossing
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3.6.1.2. The encounter parameters of particular interestidtex the following:

» the horizontal separation at CPA between both aircwhich varied from
0 NM to the applicable horizontal separation minitypically, 3 NM in TMA
and 5 NM in en-route airspace);

» the required vertical separation between both airevhen level flight, which
minimum value is the minimum vertical separation (tyfycal,000 ft up to
FL410, and 2,000 ft above, in the ECAC airspaced; a

» the relative vertical and horizontal speed betweeth aircraft, which depend
on both aircraft type and their targeted altitudes.

3.6.2. Main results of the preliminary analysis

3.6.2.1. The preliminary analysis based on the ACAS guidanaterial focused on level-off
encounters with projected co-altitude at CPA andvibich the range test of the
ACAS logic is satisfied (cf. Appendix B for furthdetails).

3.6.2.2. Assuming only one aircraft levelling-off below (respively, above) another level
aircraft at the applicable vertical separation mimmuhe analysis indicated that
such level-off encounters (with projected co-attéat CPA) would trigger a TA, as
far as the aircraft vertical rate was:

e greater than 1,500 fpm below FL410, or
» greater than 3,000 fpm above.

3.6.2.3. Although the second alternative is unlikely to acwith typical aircraft types, the
first one is operationally realistic for almost ailfcraft types.

3.6.2.4. In addition, the analysis indicated that, in thétwde layer FL100-FL410, a vertical
rate greater than 3,000 fpm would even trigger awlfen considering an aircraft
levelling-off 2,000 ft above or below another leaglcraft.

3.6.2.5. Finally, the analysis indicated that single levBlencounters could even trigger an
RA, as far as the aircraft vertical rate was:

» greater than 3,800 fpm below FL100, or
» greater than 2,800 fpm between FL100 and FL200, or
» greater than 2,200 fpm between FL200 and FL420.

3.6.2.6. These vertical rates are operationally realisticeziin climb or descent, in particular
for low aircraft weights which allow higher ratesaimb for a given aircraft type.

3.6.2.7. Following the previous analysis, ACAS logic simidgat were performed on a set of
(468) artificial encounters with the following agsptions:

* both aircraft are flying along converging track®@tdegrees;
» one aircraft is flying level at FL190; and
» the other one levelling-off 1,000 ft below at theck crossing point.

3.6.2.8. In order to assess the ACAS / ASAS interaction diraad range of situations, the
time separation between both aircraft at the tramkssing point ranged
from 0 seconds up #60 seconds (with 10 seconds increments).
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3.6.2.9. Both Traffic Advisories and Resolution Advisorieene generated by the TCAS I
logic version 7.0. The following figure presente tlatios of TAs and RAs generated
per aircraft for the overall set of encounters aejirey on the horizontal separation at

CPA:
100
751
fRalltlo 50 ETA
of alerts ERA
25 A ]
O ' T T T T T

<lnm 1-2ném 2-3nm 3-4nm 4-5nm >5nm HMD

Figure 15: Ratio of ACAS alerts during (single) leel-off ASPA-C&P encounters
(at 90 degrees) at FL190 against horizontal sepaiah at CPA

3.6.2.10As expected, the ratio of ACAS alerts generatedgieraft decreases when HMD
increases since the range test and the altitutlefté#se ACAS logic (cf. Appendix B
for further details) are less likely to be satidfat the same time:

* For HMD values lower than 2 NM, the ratio of TAsngeated per aircraft is
quite substantial (75%). This ratio is still sigoént (66%) for HMD values
between 2 NM and 3 NM. Finally, no TA was generdtadthose encounters
with an HMD value greater than 4 NM.

e For HMD values lower than 2 NM, some RAs were geeeran board the
aircraft levelling-off, whereas no RA was generatedthose encounters with
an HMD value greater than 2 NM.

3.6.2.11An illustration of such an encounter (with small HMBriggering an RA with
TCAS Il logic version 7.0 is provided in the followg figure. The encounter
involves a Boeing 747-400 levelling-off 1,000 fid& an Airbus A340 flying steady

at FL190.
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Figure 16: Resolution Advisory during a single levieoff ASPA-C&P encounter (1,000 ft
below a steady aircraft)
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Note In the figure, the solid line is drawn betweerthbaircraft position at CPA,

whereas the dotted line is drawn between the dirposition at the time the TA is

first issued. The evolution of the intruder stafia®m board aircraft 1) is also

represented along the aircraft trajectory usingubeal TCAS Il symbols. Further,
the RA issued by the ACAS logic (on board airctBftare represented along own
aircraft trajectory.

3.6.2.12lt should be noted that in this specific encountand thanks to the improved
behaviour of TCAS Il logic version 7.0 in such [te&f geometries, an RA was only
triggered on board the climbing aircraft whereaslével aircraft only experienced a
TA.

3.7. Preparatory analysis of the ASPA-C&P lateral passing

3.7.1. Scope of the analysis

3.7.1.1. The investigation of lateral passing encounterseljikto result from ASPA-
Crossing & Passing operations dealt with encounterslving two aircraft flying
level on parallel tracks and distinct speeds. Tioeee the faster aircraft is overtaking
the slower aircraft.

FL, Speedl
-
v
FL, Speed? AD
).
-

Figure 17: Horizontal trajectories of an ASPA-C&P encounter with lateral passing

3.7.1.2. The encounter parameters of particular interestidtex the following:

» the track spacing, whose minimum value is the minimudaraeparation
(typically, 3 NM in TMA and 5 NM en-route);

» the relative speed between the slower aircraftci@ir 1) and the faster
(aircraft 2), which depends on both aircraft typesd the altitude of the
encounter.

3.7.2. Main results of the preliminary analysis

3.7.2.1. The preliminary analysis based on the ACAS guidanaterial concluded that, since
both aircraft are in slow convergence, the latepalcing values that may trigger an
ACAS alert are of the order of the DMOD parametar, far below the applicable
horizontal separation minima, and would thereforelrobperationally acceptable.

3.7.2.2. In view of the previous results, no ACAS logic siations have been performed for
lateral passing encounters resulting from ASPA-8irgs& Passing operations.

EUROCONTROL Mode S & ACAS Programme — DSNA, EEQ&IQ & Sofréavia — IAPA Project Page 59/136



IAPA Project Final Report — Synthesis and guidedine 28-10-2005
IAPA/WP11/114/D Version 1.2

3.8.
3.8.1.

3.8.2.

3.8.3.

3.8.4.

3.8.5.

Main preparatory results on the ACAS / ASAS interaction issue

In summary, according to the results of this prejoayaanalysis of the potential
ACAS / ASAS interaction issuao interaction with ACAS is anticipated for the
following ASAS applications

» The in-trail phases of the ASPA-S&M: Enhanced segimy and merging
operationswhatever the altitude layer, and as far as the éVslortex
separation minima are preserved; and

e The lateral passing situations resulting from ASP&P: Enhanced crossing
and passing operationghatever the altitude layer, since the lateralcsma
values required to trigger an ACAS alert duringnsloconvergence situations
are of the order of the DMOD parameter, e.g. 1.3 fdMa TA above FL200.
Such lateral spacing values would not be operdtionaceptable.

Some interaction with ACAS potentially exists for he ASPA-S&M: ‘Enhanced
sequencing and merging operationsfor the merging phases, but ondring
situations close to the limit to what could be coldered operationally
acceptable In particular, some merging encounters with regpliispacing at WPT
close to the radar separation minimum in TMA, i.eNN3, may trigger a TA.
However, such spacing values between aircraft quesece are unlikely to occur
during typical merging situations.

Finally, the results of the preparatory analysisvelthat some interaction with
ACAS potentially exists for the ASPA-C&P: ‘Enhanced crossing and passing
operations’. In particular, the following encounters are liké&b trigger TAs:

» Lateral crossing encountettypically with angles of convergence greater than
90 degrees and a horizontal separation at CPA ¢togke applicable radar
separation minima, i.e. 3 NM in TMA and 5 NM in enste ECAC airspace;
and

» Level-off encounters at the applicable verticalasafion minimai.e. 1,000 ft
below FL415, and 2,000 ft above, in the ECAC aicgpavith operationally
realistic vertical rates. Such encounters are comeants, in particular
between arrivals and departures in TMA.

Such 1,000 ft level-off encounters may even triggendesirable” RAs when

significant, but realistic, relative altitude ramscur close to the cleared flight levels.
This issue has already been identified for curr&@mM operations, and is not
specifically linked to the introduction of ASAS apéons.

Therefore, in view of these overall results, theparatory analysis concluded that
the lateral crossing encounters resulting from ASRAssing & Passing operations
were of particular interest for the IAPA study b&tACAS / ASAS interaction issue.
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3.9.

3.9.1.
3.9.1.1.

3.9.1.2.

3.9.1.3.

3.9.1.4.

3.9.2.
3.9.2.1.

3.9.2.2.

Specific case study of the ASAS lateral crossing procedure

Scope and purpose

To complement the preparatory ACAS logic simulatiah®ady performed on
ASAS lateral crossing operations, a specific caadyswas performed to identify
those scenarios (i.e. encounter geometry, type édfA®anoeuvre and aircraft type)
that have the potential for triggering ACAS alerts.

During this specific ACAS / ASAS interaction anaf/sof the ASAS crossing
procedure, TCAS Il logic simulations were performed @& set of qualitative
encounters involving two aircraft, one of which waarforming an ASAS pass
behind” or “pass in-front” manoeuvre as defined in section 2.3. These ASAS
manoeuvres were simulated using the ASAS simplifiedlehaleveloped within
IAPA (cf. section 2.4).

Looking into the parameters of the ACAS logic endbésm understanding of the
influence of various encounter parameters on TA RAdcharacteristics. Encounter
parameters of interest included:

» the angle of convergence between both aircrafiv@et 30 degrees and 150
degrees);

» the aircraft performances (i.e. turboprop or jetraift);
» the encounter flight level (i.e. FL80, FL140, FL2d0FL330);

» the applicable spacing (Option 1) / separation i@p2) value at CPA (around
the default value of 4 NM);

» the vertical profiles of both aircraft, and theuléisg vertical separation at
CPA. Three vertical profiles were simulated:
- both aircraft flying level at same FL;

- one aircraft flying level and the other climbingdhbgh the FL of the level
aircraft; and

- one aircraft flying level and the other descendingugh the FL of the
level aircraft.

For all the encounters, the simulated trajectoriesevideal trajectories with neither
any wind effects, nor any trajectory blunders mack deviations due to navigation
errors or uncertainties.

Main outcomes of the specific case study

At the end of IAPA Phase |, the results of the IAP#se study (WP04) confirmed
that the ASAS lateral crossing application was @il@ demanding application in
terms of possible interaction with ACAS.

With regard to TAs, the main ACAS / ASAS featuredemined during the case
study of the ASAS lateral crossing application ude the following:

» The issuance of a TA is strongly dependent on tiggeaof convergence and
the aircraft speed, which itself depends on trghflievel and the aircraft type.
The higher the resulting closing speed, the higietikelihood of a TA,;

EUROCONTROL Mode S & ACAS Programme — DSNA, EEQ&IQ & Sofréavia — IAPA Project Page 61/136



IAPA Project Final Report — Synthesis and guidedine
IAPA/WP11/114/D

28-10-2005
Version 1.2

No TAs were generated during encounters occurtirig80 (low flight level)
and for encounters involving aircraft with an ialtangle of convergence of

30 degrees (low angle of convergence);

The “pass behind” manoeuvre is more likely to trigge TA because it
increases the initial rate of convergence, whike‘frass in-front” decreases it.
However, this result does not mean that the “pagoimt” manoeuvre is safer
than the “pass behind” one.

This feature is illustrated in the table below, @fhishows the effect of both
types of manoeuvre on the angle of convergencecltigng speed and the
likelihood of ACAS alerts, depending on the initiedlative track angle
simulated in a crossing encounter involving twogjetraft at FL330:

“pass behind” manoeuvres “pass in-front” manoeuvres

Initial Modified Closing ACAS | Modified Closing ACAS
convergence | convergence |speed alert convergence | speed alert
angle angle angle

150° 160° 973 kt TA 140° 928 kt TA

120° 130° 895 kt TA 106° 789 kt TA

90° 102° 768 kt TA 76° 608 kt TA

60° 700 567 kt TA - 500 kt Nong

30° - 259 kt None - 259 kt None

duration (s) 20 -

Table 5: ACAS alerts within ASAS lateral crossing acounters between two jets at

FL330 for several angles of convergence

For both the “pass behind” and “pass in-front” manoes, the greater the
horizontal separation at CPA, the less likely #dtA would occur, especially
in the case of a “pass in-front” manoeuvre. In &ddj when a TA is triggered,
its duration decreases with the horizontal sepamait CPA,

This feature is illustrated in the figure below, iath shows the TA duration,
depending on the HMD achieved in a crossing enevuat 90 degrees
involving two jet aircraft at FL330 with either aags behind or in-front
manoeuvre:

‘—0— pass behind —&— pass in-front ‘

50
40 4
TA 30 A

10 A
0 L A A 2
3,33 3,72 4,1 4,49 4,87 5,25 5,64

Horizontal spacing value at CPA (NM)

Figure 18: TA duration within ASAS lateral crossing encounters at 90 degrees between

two jets at FL330
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 TAs only occurred during the first phase of the ASAateral crossing
manoeuvre, i.e. before the “resume track” phase,itdette selected heading
of 45 degrees when flying direct to track.

This feature is illustrated in the figures belovheTleft-hand figure shows an
encounter between a jet and a turboprop aircratt Hging level at FL240
with initial tracks converging at an angle of 9@ues. A Traffic Advisory is
triggered during the first phase of the “pass b&himanoeuvre. The right-
hand figure shows an encounter between two jets fhgihg level at FL330
with initial tracks converging at an angle of 9@ukes. A Traffic Advisory is
triggered during the first phase of the “pass onff manoeuvre.

ASAS “pass behind” manoeuvre of ASAS “pass in-front” manoeuvre of
a jet aircraft crossing turboprop flying a jet aircraft crossing another jet flying
level at FL240 level at FL330
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3.9.2.3.

3.9.2.4.

3.9.2.5.

Figure 19: Traffic Advisory during an ASAS lateral crossing encounter (at 90 degrees)
at FL240

Note In the figures, an ‘0’ symbol shows the origintbé horizontal trajectory of
each aircraft. The solid line is drawn between l@tbraft positions at CPA, whereas
the dotted line is drawn between the aircraft pms#t at the time the TA is first
issued. The evolution of the intruder status (oartaircraft 1) is also represented
along the aircraft trajectory using the usual TAAS/mbols.

Assuming perfect aircraft navigation (i.e. with heit blunders nor track deviations)
as well as perfect ACAS surveillance, the caseyshas demonstrated that RAs are
not expected to occur during an ASAS lateral crgsgirocedure, due to the ‘Miss
Distance Filtering’ feature of TCAS Il logic versi@.0.

Nevertheless, initial investigation of the sengiyivof the MDF to cross-track
deviations has shown that this feature might nottiective in cases where the
ACAS logic detects an intruder manoeuvre, evenig tietection only results from
the aircraft navigation performance, e.g. crossktaayviations.

The extent to which undesirable Resolutions Adwsoare likely to occur during
ASAS lateral crossing operations was further assedlsrough the various ACAS
simulations performed during IAPA Phase IlI.
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4.1.

4.1.1.
4.1.1.1.

4.1.1.2.

4.1.1.3.

4.1.2.
4.1.2.1.

4.1.2.2.

4.1.3.
4.1.3.1.

Operational analysis of the ACAS / ASAS interact ion

General

Scope

Within IAPA Phase I, the operational investigatiofiithe ACAS / ASAS interaction
issues was performed through various studies basdiferent sources of data:

e a study based on artificial encounters from the AS&®ounter model
(WPOQ6);

* a study based on modified radar encounters defioed European radar data
(WPQ7);

» a study based on artificial encounters derived fiEumopean flight plan data
(WPO08); and

» a study based on encounters extracted from realdiinelation data (WPQ09).

The various studies dealt with the ASAS applicasetected for further investigation
during Phase |, i.e. thASAS lateral crossing procedure [WP01/024]. Furthier
order to investigate ACAS / ASAS interaction on timest demanding basis, the
minimum applicable separation used in most of the ASix&ilations was 4 NM.

Not all these different data-oriented studies weeeessarily able to fully comply

with the IAPA simulation framework. This particuladypplies to the study based on
real-time simulations (WP09). Since this study ineolthe use of ASAS by human
operators, it was not possible to always achiegesgiecific conditions of use defined
for IAPA.

Rationale and background

The rationale for conducting simulations on diffdresources of data was to
compensate for the limitations related to any onghein, and to identify a larger set
of issues. In addition, the use of the common siraratramework [WP02/025]
developed within IAPA Phase | helped to validate #RCAS / ASAS interaction
trends identified with each source of data.

Similar methodology based on various data-orientedliess had already been
followed during the ACAS / RVSM interaction studi@A3a] completed within the
ACASA project. Hence, the IAPA study built upon tbeperience gained, and the
tools developed, during this former EUROCONTROL ACAalysis project.

Study of the ACAS / ASAS interaction using the ASgiBplified model

The ASAS simulations conducted within the threet fataidies, i.e. those based on
the ASAS encounter model (WP06), on modified radea dWPO07) and on flight

plan data (WP08), were enabled by the simplifiedlehaf the ASAS application

[WP03/020] developed during IAPA Phase I. Consetiyethese studies provided
comparable results despite their specific featwrbgh were as follows:
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4.1.3.2.

4.1.4.
4.1.4.1.

4.1.4.2.

4.1.4.3.

4.1.5.

4.1.6.

» Both the WP06 and WPO07 studies dealt with ASAS entars with or without
a required manoeuvre to preserve ASAS separatien gctive or passive
ASAS interventions), whereas the WP08 study focum@d\SAS encounters
including either a “pass behind” or “pass in-froldteral manoeuvre.

« All three studies investigated the demanding ASASasgion minimum of
4 NM. Further, the WPO08 study performed a spec#itsgtivity analysis of the
ACAS / ASAS interaction depending on that separationimum.

* Both the WP06 and WPO08 studies used the wobbulgtioness developed
within IAPA to introduce RNP-1 and RVSM realistianations in the aircraft
trajectories. Further, the WPO08 study made a spedafialysis of the
ACAS / ASAS interaction with and without wobbulati

* Finally, the WP06 and WPO07 studies performed a coatiparanalysis of the
interaction with ACAS between ASAS and ATM. Thisdhaot been possible
within the WPO08 study based on flight plan datae do the lack of ATC
modelling within the simulations.

All three studies investigated nominal ASAS opemsdi Indeed, the “perfect”
modelling of the ASAS application implemented witlive WPO03 simplified model,
and the resulting large HMD values at the closedttpof approach, did not allow
the direct assessment of ACAS safety performance.

The specific case of the study based on real-timalation data

The study based on real-time simulation data (WP08Yiged a complementary
insight into the potential ACAS / ASAS interactiégssues during nominal ASAS
operations. Unlike the previous studies, it has lbeeén possible to specifically
address the ASAS application selected for furtherestigation within IAPA.
Instead, the study dealt with various types of AS#ferations for which real-time
simulation data were available.

The main advantage expected from real-time simulatieais the ability to take into
account the behaviour of air traffic controllerd. @urse, due to the training issues
related to each new improvement like ASAS, the rigaé tsimulations would not
necessarily reflect the precise actual controllebghaviour in future ASAS
operations.

An anticipated limitation of real-time simulations wst they represent only a few
hours of ATC, and specific ATC sectors, due to #wpensive cost of such
simulations. Furthermore, due to the simplified fliglajectories used in simulations,
the introduction of trajectory deviations was reqdiin order to obtain more realistic
aircraft trajectories for the ACAS simulations. Thigas done using the same
wobbulation process used in the WP06 and WP08estudi

The remainder of this chapter first introduces three IAPA studies that used the
common IAPA framework, i.e. those based on modifidar data (WPQ7), on the
ASAS encounter model (WP06) and on flight plan déréP08). Then, their
consolidated results are presented and comparedewbe possible. Finally, the
specific study based on real-time simulation dat®(®) is described.

Further details on each of these data-orientedestuzhn be found in [WP07/103],
[WP06/108], [WP08/104] and [WP09/072] respectively.
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4.2. Study based on modified radar data

4.2.1. Scope and approach

4.2.1.1. The ACAS / ASAS interaction study performed in Wdplackage 7 of the IAPA
project was based on European radar data. The agproonsisted of replacing,
where appropriate, the ATC intervention observethenradar data by the expected
effects of the selected ASAS application, i.e. Al$AS lateral crossing procedure.

4.2.1.2. The overall process used to derive ASAS encoulfitens a set of (real) encounters
extracted from radar data recordings is summariséiteifollowing figure:

,—: identification use of ASAS
capture and removal « simplified
Radar dat criteria ATC actions model
recordings —————| encounter >
(without
ATC)
simulate TCAS simulate TCAS

Figure 20: Main steps for the derivation of ASAS eoounters from radar data

4.2.1.3. More precisely, the derivation of ASAS encountersnmf modified radar data
consisted of:

» the extraction ofreal) encounters from radar data recordings accating to
agreed capture criterig and the identification of radar encounters thabive
aircraft with RNP-1 and RVSM MASPS compliant traggas;

» the selection of relevant radar encounters basedhentype of separation
provided by ATC and the crossing status of the ent#rs. In the context of an
in-depth investigation of the ASAS lateral crosspmgcedure, this step was
focused on the selection appropriate horizontal crossing encounters with
an ATC intervention that ensures aircraft separation;

» the identification and removal dforizontal and vertical manoeuvres likely
to result from an ATC intervention [WP07/078] (cf. section 2.4.3 for further
details). The types of ATC intervention taken iatount include: the tactical
turn (with one or two heading alterations), thditat level-off of an aircraft in
vertical evolution, the tactical flight level changn an aircraft in level flight,
and the delayed descent/clitrfbr an aircraft in level flight.

9 This specific type of ATC intervention (only dealith within the WP07 study) has been arbitrarily
removed by translating the delayed descent/climilieeain time depending on the altitude. It
represented about 17% of the horizontal crossicgunters with an ATC intervention extracted from
the radar data.
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4.2.1.4.

4.2.2.
4.2.2.1.

4.2.2.2.

» the simulation of thenominal effect of the ASAS lateral crossing
application, either a “pass behind” or a “pass in-front” prdaee, using the
simplified model of the ASAS application [WP03/0203veloped during the
Phase | of the IAPA project; and

» executing and analysindACAS simulations performed on the ASAS
encounters derived from the radar data, as wellhasotiginal horizontal
crossing encounters with an ATC intervention, fomparison purposes. This
step was supported by the [OSCAR] test bench, a age the set of
ACAS / ASAS interaction indicators identified withithe IAPA simulation
framework defined during Phase I.

It should be noted that no specific removal of obsele pilot reaction to actual
ACAS alerts was performed. However, this might hadérectly been the case when
removing ATC intervention (e.g. the removal of adkoff manoeuvre implies the
removal of any ACAS responses during this manoeuviig)is limitation is
considered acceptable within the scope of the W#@dy since the ACAS responses
observable in the radar encounters do not nornmaltyent the issuance of ACAS
alerts in the simulations, although this may leadrtainderestimation of these alerts
during ATM encounters.

Description of the original radar encounter set

A total amount often days of European radar data recordingsrepresenting
67,713 flight-hours was collected and processerh ftwo distinct sources of radar
data, i.e. Maastricht multi-radar data and Frenchoyradar data. Hence, the overall
radar data coverage encompassed the control areariafus ATC units in the
European core area and the amount of radar datestasated to represent about
11,236 sector-hours.
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Figure 21: Overview of ATC sectors in the Europeamadar data coverage
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The processing of the European radar data capemedunters that correspond to
tactical conflicts from an ATC perspective. It risd in the extraction of 196,412
radar encounters, i.e. on average about three stersucaptured per flight hour
which seems operationally realistic.
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4.2.2.3.

4.2.2.4.

4.2.2.5.

4.2.3.

4.2.3.1.

4.2.3.2.

As illustrated in the following figure, a majorit§y encounters occur at high altitude:

B Maastricht radar encounters B French radar encounters |

# captured encounters

O LD PO P

Figure 22: Altitude distribution of the encounterscaptured from European radar data

Note In the figure, the altitude of an encounter atté corresponds to that of the
higher aircraft at CPA.

The peak of captured encounters at FL110 can baiaggd by the well known “hot-
spots” linked to arrival and departure conflictsTiMAs. Other peaks of captured
encounters occur within the most frequently usedwithin the European RVSM
airspacé? observable within the European radar data.

These radar encounters included not only horizorradsing encounters (i.e. with
relative tracks between 30 and 150 degrees), lmat lsbad-on encounters (about
25%) and some slow convergence encounters (about). 2B%sther, a small
proportion of the encounters corresponded to ulwedaonflicts with loss of ATC
separation.

Description of the modified radar encounter sets

In accordance with the IAPA common simulation framewahnkee distinct sets of
ASAS encounters were derived from the radar datachmborrespond to all three
ASAS scenarios under investigation:

* 6,031 ASAS encounters with a mix gidss behind/in-front’ procedures,
» 5,805 ASAS encounters with onlpdss behind procedures,
» 5,678 ASAS encounters with onlpdss in-front’ procedures.

These ASAS encounters resulted from the modificatibthe horizontal crossing
encounters extracted from the European radar ddti@hvinitially included at least
one manoeuvre identified as an ATC interventionraserve aircraft separation.

10 The unexpected peaks of encounters at odd flgdl$ have been checked against the Requested
FLs (RFL) recorded in CFMU data for the period esponding to the European radar data. Only the
peak of encounters at FL370 could not be correlatedpeak of flight plans with that RFL.
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4.2.3.3.

4.2.3.4.

4.2.3.5.

4.2.3.6.

As shown in the following figure, the amount of ASA&&counters was far lower
than the amount of encounters initially capturexifithe European radar data:

196,412 radar encounters

32,899 horjzontal crossing encounters
(with RNP-1 and RVSM compliant trajectories)

—a— 12,350 horizontal crossing encounters
. (with an identified ATC intervention)

= 6,031 ASAS crossing encounters
(mix of pass behind/in-front procedures)

Figure 23: Amount of ASAS encounters derived fromhe European radar data

This is linked to the study assumption to limit tineestigation to the horizontal
crossing encounters with an ATC intervention, ad a® the limitations set up for
the use of the simplified model of the ASAS applimatdeveloped within 1APA.
Further, the amount of radar encounters initiallgtoeed was itself highly dependent
on the look-head time of the capture criteria usedtfe extraction of real encounters
from the radar data.

As a consequence, the mean likelihood of ASAS dhtossing encounters derived
from the radar data processing should be treatddaaite. This mean likelihood was
roughly estimated for the European core area taatbéeast one ASAS lateral
crossing procedure every two hours per sector, andossibly up to three times
per hour and per sector, and between one to fiverties per ten flight hours

As shown in the following figure, the ASAS encoustderived from the radar data
are located at crossing points between major tréffiws in the Europe core area.
This is particularly the case for the busy corridetween London and Frankfurt, via
Belgium and Luxembourg, as well as over the Pavg\T
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Figure 24 : Geographical distribution of ASAS enconters derived from the European
radar data

EUROCONTROL Mode S & ACAS Programme — DSNA, EEQ&IQ & Sofréavia — IAPA Project Page 69/136



IAPA Project Final Report — Synthesis and guidedine 28-10-2005
IAPA/WP11/114/D Version 1.2

4.2.3.7.

4.2.3.8.

4.2.3.9.

Further,a great majority of the ASAS encounters are locatedt high altitudes
(i.e. about 67% above FL295 and about 22% betwé@i%and FL295) whatever
the ASAS scenario.

The following figure provides the distribution ofT& intervention identified in the
radar encounters corresponding to the ASAS encoumwiéh the “Mix of pass

behind/in-front” lateral crossing procedure. Simitistribution also applies to the
other ASAS scenarios, i.e. the “Pass behind” aed®ass in-front” scenarios.

9% 1%

4% @ Tactical Turn(s)
x W Tactical Level-off(s)
48% O Delayed Climb/Descent (s)

2204 O Tactical FI Change(s)

W Combined H&V Manoeuvres
Number O Two Distinct V Manoeuvres

of encounters 16%

Figure 25: Distribution of the ATC interventions in the unmodified radar encounters
(Mix of “Pass behind/in-front” ASAS scenario)

Note Readers are reminded that only encounters witA B8 intervention have
been considered as candidate ASAS encounters.

As shown, a majority of the ASAS encounters (52%)veefrom radar encounters
with at least one vertical manoeuvre identifiedaasATC tactical intervention to
ensure aircraft separation. Another large propor(48%) of the ASAS encounters
derive from radar encounters with one or two tattiorns issued by ATC.

4.2.3.10Further, it should be noted that the great majaitthe ASAS encounters (between

4.3.

4.3.1.
4.3.1.1.

4.3.1.2.

80% and 85% depending on the scenario) correspon@nt ASAS passive
intervention, i.e. encounters without any requirednoeuvre to preserve ASAS
separation.

Study based on ASAS encounter model

Scope and approach

The ACAS / ASAS interaction study performed in WdPlckage 6 of the IAPA
project was based on the ASAS encounter model deedlfor the IAPA purposes
(cf. section 2.5). The encounter model approachwallan arbitrarily large set of
encounters to be generated, which are represemtafithe airspace environment
dealt with by the model.

The development of the ASAS encounter model builbruphat of the ATM
encounter model, which describes the current ATMerations (prior to the
introduction of ASAS procedures). In line with thmject scope and objectives, the
ASAS encounter model corresponds to a future ATMirenment in which the
selected ASAS application, i.e. the ASAS lateralssing procedure, is used where
appropriate.
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4.3.1.3. The overall process aiming at developing both theMAand ASAS encounter
models is shown in following figure:

radar
encounter

( )

lrun “back-end”

ATM encounte| ASAS encountg
model model
Y
generate run “back-end”

v encounters

use of ASAS post ASAS
simplified model | encounters
Tl
and ASA
simulate TCAS

pre-ASAS
encounter

( )

simulate TCAS

Figure 26: Main steps for the derivation the ASAS ecounter model

4.3.1.4. More precisely, the various stages in their dgualent were as follows:

» the set of real encounters (with possible ATC weation included) extracted
from the European radar data as part of the WP@¥ stias processed by the
back-end to produdhe tables of the ATM encounter model

e the ATM encounter model was used to generate e laeg of artificial
encounters with modelled ATC interventions (thee-ASAS ATM
encounters;

» where appropriate, the ASAS procedure was appledthe pre-ASAS
encounters to produce a large set of encountels gtst ASAS ATM
encounterg, consisting of encounters with either ASAS in&tion or
modelled ATC interventions depending on whetherairthe ASAS procedure
was applicable;

» then, the post ASAS ATM encounters were processedhb back-end to
producetables of the post ASAS ATM encounter model, i.e.he ASAS
encounter modej

» the set of pre-ASAS ATM encounters was used in AC#@ulations to
determine the performance of ACAS in the current AgiWironment, and the
set of post ASAS ATM encounters was used in ACABwitions to
determine the performance of ACAS in an ATM environtribat incorporates
ASAS procedures.
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4.3.15.

4.3.1.6.

4.3.1.7.

The production of the post ASAS encounters from fine-ASAS encounters
followed the same approach as that adopted in tiay dtased on modified radar
data (WPQ7) including:

» the selection of horizontal crossing encountershwinodelled ATC
intervention providing ATC separation;

» the identification and removal ohorizontal and vertical manoeuvres
modelling an ATC intervention [WP05/091] (cf. section 2.4.3 for further
details). The types of ATC intervention taken iatxount include: the tactical
turn (with two heading alteratioH3, the tactical level-off of an aircraft in
vertical evolution, the tactical flight level changn an aircraft in level flight,
and the rate reversing manoeuvfes aircraft in vertical evolution;

» the simulation of ASAS lateral crossing procedurgagithesimplified model
of the ASAS application[WP03/020] developed during IAPA Phase |. Both
active and passive ASAS interventions were incluiledthe post ASAS
encounters.

« finally, the ASAS encounter trajectories were wdbbed, i.e. RNP-1 and
RVSM MASPS compliant wobbulations were added, tonloee representative
of real aircraft trajectories.

To speed up the work while dealing with a larger afeencounters, this overall
process had been conducted in parallel by two eetaf the IAPA project. In both
cases, the production of the pre-ASAS and post A8A&unters was performed
using the same set of tools developed by for theAlARirposes. The ACAS
simulations were performed by each organisation uggngwn simulation facility,
i.e. InCas at the EUROCONTROL Experimental Centnel ghe . Finally, the
analysis of the ACAS simulation results was supgabliy the set of ACAS / ASAS
interaction indicators identified within the IAPAinwulation framework defined
during Phase 1.

Where directly comparable simulations have beenezhout, the ACAS simulation
results obtained by the two IAPA partners were gneament. Hence, the results
from both sets of simulations have been combined @vhepropriate) and scaled
(where necessary).

11 Due to the encounter model characteristics whichutde no more than two turns in each aircraft
trajectory, the modelling of horizontal manoeuvieas limited. Further, the only options for
removing such manoeuvres were to extend eitheraatvihe first segment, or backward the last
segment, observed in the generated encountergwatturns.

12 These types of vertical manoeuvres representsdiies 1% of the encounters generated from the
ATM encounter model.
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4.3.2.
4.3.2.1.

4.3.2.2.

4.3.2.3.

Description of the encounter data sets

Two sets of approximately 400,000 pre-ASAS encosptequivalent to 1:8.0°
flight-hours each, were then generated respectibglgach IAPA partner. Each set
was passed through the process described earlgamnierate post ASAS encounters.
One partner processing focussed on the “mix of peetgnd/in-front” scenario,
whereas the other partner addressed all three AsABarios defined in the IAPA
simulation framework.

The former simulations resulted in 10,377 ASAS enterxs with a mix of pass
behind/in-front” procedures simulated when necessary to comply viite
separation minimum of 4 NM and other encounters lefthanged (with any
manoeuvre preserving ATC separation having been red)ow simulate passive
ASAS interventions;

Hence, the ASAS lateral crossing procedure proeedet applicable in only about
3% of the encounters generated from the ATM encount&el. This set of ASAS
encounters, together with the remaining (97%) unnedii@éncounters for which the
ASAS procedure was not applicable, constitute tes-ASAS encounter set used to
build the ASAS encounter model:

Post-ASAS ATM encounter set Proportion of the pre-ASAS
ATM encounters

Unmodified |Inappropriate horizontal and separati62% 97%

ATM status (i.e. losses of ATC separation and/or

encounters non-crossing encounters)
Appropriate  horizontal crossings, b34%
without an identified ATC intervention

Appropriate horizontal crossings with g6
identified ATC intervention, but ASAS
procedure not applicable

Actual ASAS|With a “pass behind/in-front” manoeuvre 1% 3%
encounters | No manoeuvre simulated 2%

4.3.2.4.

Table 6: Post-ASAS encounter set used to build the ASAS enauter model

The latter simulations (which explored the three ASgcenarios defined within the
IAPA simulation framework) resulted in:

« 10,783 ASAS encounters with a mix gbd'ss behind/in-front’ procedures
simulated when necessary to comply with the separatimimum of 4 NM
and other encounters left unchanged (with any mameepreserving ATC
separation being removed) to simulate passive ASfBvientions;

» 10,583 ASAS encounters with onlpdss behind procedures simulated when
necessary and passive ASAS intervention being dibetrwise,

* 10,190 ASAS encounters with onlypdss in-front’ procedures simulated
when necessary and passive ASAS intervention Beipgotherwise.
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4.3.2.5.

4.3.3.
4.3.3.1.

4.3.3.2.

4.3.3.3.

4.3.3.4.

4.3.3.5.

The first of these three sub-set of ASAS encourdemsplemented the initial sub-set
of ASAS encounters dealing with thmix of pass behind/in-front’ scenario, which
was hence the scenario most represented in ternmsotfieters.

Main characteristics of the ATM and ASAS encoum@dels

The ATM encounter model describes the encounterackenistics as observed in a
set of real (147,288 encounters collected in European airspace ancsepting
67,713 flight-hours (cf. section 4.2.2 for furtitestails).

The proportion of encounters, by altitude layer, both the ATM and the ASAS
encounter models (the distribution is the samehava in the final column of the
following table:

Layer | Boundaries ASAS-applicable | All encounters
encounters

2 5000 ft- FL135 | 14.7% 12.6%

3 FL135 - FL215 19.9% 14.0%

4 FL215 - FL295 21.4% 16.6%

5 FL295 - FL415 44.0% 56.8%
100% 100%

Table 7: Proportion of altitude layers in the ATM and ASAS encounter models

As previously mentioned, the ATM encounter model gn@dASAS encounter model
reproduce the characteristics of all encountersain airspace where a small
proportion (about 3%) of them involve, or potengialhvolve, an ASAS lateral
crossing procedure. Focussing on that small praporif encounters gives the
distribution shown in the first column of data inbl&7.

Since only a small proportion of encounters in tieVAmodel are affected by the
ASAS procedure the tables for the full ATM encounteodel and ASAS encounter
model are very similar. However, again focussing ba small proportion of

encounters in which the ASAS procedure is appleablthe ATM encounter model
and in which the ACAS procedure is deployed inAl$AS encounter model we can
see differences in the characteristics of the emeos.

The most notable difference is the proportion ofeldevel and non level-level
encounters which is shown in the following table:

13 When processing the whole set of 196,412 radaoleriers extracted within the WPO07 study,
147,250 encounters (75.0%) were suitable for pdmglahe ATM encounter model tables. The other
encounters were rejected as being comprised ofrtegpropriate aircraft trajectories, or because the
aircraft separation at closest approach was outBeleange specified within the encounter model (i.
10 NM in the horizontal plane and 2,000 ft in tkegtical dimension).
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ASAS encounters ASAS-applicable encounters
level-level non level-level | level-level non level-level

Layer 2 0.056 0.944 0.107 0.893
Layer 3 0.061 0.939 0.088 0.912
Layer 4 0.102 0.898 0.127 0.873
Layer 5 0.329 0.671 0.194 0.806
all layers 0.185 0.815 0.146 0.854

Table 8: Proportion of level-level and non level-keel encounters in the ASAS
encounters and the original ATM encounters

4.3.3.6. At low altitude, the proportion of level-level engters decreases when the ASAS

procedure is used — this corresponds to encourtershich ATC preserved
separation using a level-off; in the ASAS encoumtedel, this ATC intervention
has been removed (i.e. the aircraft continue climlnglescending) and instead
separation is provided by the ASAS procedure.

4.3.3.7. At high altitude, the proportion of level-level enmters increases when the ASAS

4.4.
4.4.1.

procedure is used — this corresponds to encourtershich ATC preserved
separation by using a level-change; in the ASASoenter model, this ATC
intervention has been removed (i.e. the aircraftitinoes level) and instead
separation is provided by the ASAS procedure.

Study based on flight-plan simulation data

Scope and approach

4.4.1.1. The ACAS / ASAS interaction study performed in Wdplackage 8 of the IAPA

project was based on European flight plan data.fol@wing figure summarises the
main steps performed to generate ASAS encountersdrset of encounters derived
from flight plan data recordings.

use of ASAS
simplified
model

dedicated

simulation Modified

Traffic encounter
samples (without > (with
ATC) ASAY

simulate TCAS

Figure 27: Main steps for the derivation of ASAS eoounters from flight plan data

4.4.1.2. More precisely, the WP08 study based on flight plata consisted of:

» the generation of traffic samples,using a fast-time simulator working on
flight plan data, and the capture of potential emters suitable for an ASAS
lateral crossing procedure as defined within theA2OED [WP01/024];
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» the simulation of thenominal effects of the ASAS lateral crossing
application, either a “pass behind” or a “pass in-front” prdaee, using the
simplified model of the ASAS application [WP03/0203veloped during the
Phase | of the IAPA project; and

» the execution and analysis BICAS simulations performed on the ASAS
encounters derived from the fast-time data, as agethe study of the influence
of the applicable ASAS separation minimum on theradéon with ACAS.
The study has also been an opportunity to gain sosight into the behaviour
of the TCASIl logic version 7.0 on ASAS encounters which no
wobbulations had been introduced.

This step was supported by the [OSCAR] test beashwell as the set of
ACAS / ASAS interaction indicators identified withithe IAPA simulation
framework defined during Phase | [WP02/025].

4.4.1.3. 1t should be noted that no ATC intervention was s$ataed in the traffic samples ,
thus preventing the study of ACAS / ASAS interaatia a full ATM environment
within the study. This was justified since the attdTC interventions, and the
comparison with ASAS operations, were investigatathin the study based on
modified radar data (WPQ7).

4.4.2. Description of the ASAS encounters derived fromHtiplan data

4.4.2.1. A total amount ofL1 days of European flight plans from the CFMU(Central Flow
Management Unit) were collected and processed. 288,%49) flight plans thus
simulated are related to the whole ECAC area, thezeéncompassing the control
area of various ATC units, notably in the Europeare area but not restricted to that
area.

4.4.2.2. Due to simulation constraints, each day of flighanal was simulated in four steps,
using a different projection centre and encountetection zone each time. The
following figure provides an overview of the resuf ECAC area coverage (i.e. the
four quadrants) obtained in the study:

Figure 28: Overview of encounter detection zones ithe study based on flight plan data
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4.4.2.3.

4.4.2.4.

4.4.2.5.

4.4.2.6.

4.5.

4.5.1.
45.1.1

45.1.2

Note Due to projection constraints, there is some lapebbetween the four quadrants
(shown in diagonal dash lines on the above figure).those encounters that were
consequently captured twice, only one occurrencewsad in the study.

In accordance with the IAPA simulation framewothkree distinct sets of ASAS
encounters were derived from the fast-time datawhich correspond to all three
ASAS scenarios under investigation:

* 8,247 ASAS encounters with a mix gidss behind/in-front’ procedures,
* 6,393 ASAS encounters with onlpdss behind procedures, and
» 5,551 ASAS encounters with onlpdss in-front’ procedures.

These ASAS encounters resulted from the captuteofontal crossing encounters
extracted from European flight plan data, which megtof capture criteria based on
approach angle, and both horizontal and vertiqadusgion.

Further, to support a sensitivity analysis of thieliaction with ACAS depending on
the applicable separation minimum during ASAS openati additional ASAS
encounter sets have been produced using differ8AiSAseparation minima.

The following figure presents the layer distributiof the ASAS encounters among
the different scenarios. As shown, the proportibercounters for a given layer is
fairly constant, which suggests that the appliggbfor an ASAS lateral crossing
procedure does not depend strongly on the scepar@ameters.

0O 5000ft-FL135 B FL135-FL215 OFL215-FL295 O FL295-FL415

100%
80%
60%
40%
20%

ovod i | | il || ]| el [ el

2NM 3NM ANM 5NM 6NM

Figure 29: Altitude distribution of the ASAS encourters derived from flight plan data
(“Mix of pass behind/in-front” scenarios)

Main ACAS simulation results for the common ASAS scenarios

General

The results of the ACAS simulations performed in thilee investigated ASAS
scenarios within the WP06, WP07 and WPO08 studiefirooed the potential
interaction that may exist between ACAS and ASAS \uhin the demanding
assumptions taken within IAPA (i.e. a minimum horizontal separation value of
4 NM).

The following table summarises the various ACAS ASS interaction areas
investigated within the all three studies, as w&slthe amount of scenarios simulated.
As shown, all the areas were investigated on tlsiska the three ASAS scenarios
defined within the IAPA simulation framework [WP02H]2n at least one study.
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4.5.1.3.

4.5.2.
4.5.2.1.

4.5.2.2.

4.5.2.3.

Number of scenarios per study Study based on| Study based on| Study based on
objectives ASAS encounter| modified radar | flight plan data
model data
Effect on ASAS performance 3 3 3
Effect on pilot acceptance 3 3 3
ACAS / ASAS compatibility 3 3 3
Influence of wobbulations N/A N/A 3
Influence of the separation minimum N/A N/A 5x3
Comparison between ASAS and ATM 3 3 N/A
Table 9: ACAS / ASAS interaction areas investigateth the WP06, WP07 and WP08
studies

The results obtained through each study are pregddreafter. Whenever possible,
result comparison is made to highlight the main tsadéntified in terms of potential
ACAS / ASAS interaction.

ACAS / ASAS interaction effect on ASAS performance

On one hand, the studies based on the ASAS encomudel (WP06) and on
modified radar data (WPO7) provide similar resultthvei ratio of ASAS procedures
triggering at least one TA varying between 13% 48%, depending on the scenario
and the source of data. It should be noted thai bhitdies are characterized by a
great amount of ASAS encounters (about 90% in thedo and about 80% in the
latter) without any manoeuvre required to presénee4 NM separation minimum.

On the other hand, the study based on flight plata §WP08), which focused on
ASAS encounters requiring a manoeuvre to ensure AS#faration, resulted in a
much more significant likelihood of TAs, i.e. betwegrn% and 64% depending on
the ASAS scenario.

The previous results are illustrated in the follogvifigure, which presents the
likelihood of ACAS traffic advisories during ASASatkral crossing procedures
observed within the various studies:

OASAS encounter model
O Modified radar data
M Modified FPL data

80%

64%
60% e . 7%
0

40%

20% 159 18% 15% 17% 1304 15%

0% T
4ANM - Mix of pass
behind/in-front

% encounters with TA

4ANM - Pass behind 4NM - Pass in-front

Figure 30: Likelihood of undesirable TAs in the ASA encounters
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4.5.2.4. In fact, when looking at the reduced set of ASA8cemters which include a “pass
behind” or “pass in-front” manoeuvre in the WP06 amMiP07 studies, a TA is
received in just under or over half of them depegddn the source of data (i.e.

between 42% and 67%, depending on the ASAS scegnaitiich confirms the trend
identified within the WPO08 study.

4.5.2.5. Further, when comparing the last two scenarios wtlsingle type of ASAS
manoeuvre, all three studies resulted in a sliginityeased likelihood of alerts for
the “pass behind” manoeuvres compared to the “padsomt” manoeuvres as
already demonstrated in the IAPA case study (cfi@e8.9).

OASAS encounter model
O Modified radar data
H Modified FPL data

100%
80% 7% G404 63% 57%
60% 4050 Ao
40%

20%

0% T

4NM - Pass behind 4ANM - Pass in-front
manoeuvres manoeuvres

% encounters with TA

Figure 31: Likelihood of undesirable TAs during ASAS “pass behind/in-front”
manoeuvres

4.5.2.6. With regard to the likelihood of ACAS resolution végbries, all three studies
provided comparable results with on averggst under 1% of the ASAS
procedures triggering at least one RAwhatever the scenario. Nevertheless, this
proportion varies noticeably depending on the AS&ounters, and particularly

whether or not an ASAS manoeuvre is required to renge minimum separation
value of 4 NM at CPA.

O ASAS encounter model
B Modified radar data
B Modified FPL data

3%

2%

1,2% 1,2%

1% 9 . 0,8%n go

4ANM - Mix of pass 4ANM - Pass behind  4NM - Pass in-front
behind/in-front

% encounters with RA

Figure 32: Likelihood of undesirable RAs in the AS/& encounters

4.5.2.7. As expected from the use of a “perfect” modellinghed ASAS applicationall the
ACAS alerts triggered during the simulations correpond to “undesirable”

alerts, i.e. alerts triggered even though the applic#8&AS separation (i.e. 4 NM
horizontally and 1,000 ft vertically) is not infged.
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4.5.2.8.

4.5.3.
4.5.3.1.

4.5.3.2.

4.5.3.3.

4.5.3.4.

4.5.35.

The issuance of such undesirable ACAS alerts dummginal ASAS operations is
likely to affect the performance of the ASAS procedh) and therefore, their
expected benefits.

ACAS / ASAS interaction effect on pilot acceptance

From a pilot's point of view, the issuance of ACA@ftic advisories during an

ASAS lateral crossing procedure is likely to begidared as disruptive, particularly
for the flight crew who is instructed to provide AS separation (regardless of
whether or not a manoeuvre is required to achieaeseparation).

Taking into account the frequency of the ASAS Hklterossing procedure estimated
within the WPO7 study based on modified radar d#ta, mean likelihood of
undesirable TAs during ASAS operations was estimateas upto one per ten
flight hours, regardless of any other TAs that may occur inddpatly of the ASAS
lateral crossing procedure.

Further, the likelihood of TAs during the ASAS lateral crosghg procedure
appeared to be greater at high altitudesi.e. within sensitivity level 7 of the
TCAS Il logic version 7.0. As an example, about 96%the ASAS encounters
derived from the radar data which triggered at lesmt TA occur above FL200,
whereas the ASAS encounters above that altitudeegpond to about 92% of all
encounters derived from the radar data. A similandrwas observed whatever the
source of data used for the simulations.

As an illustration, the following figure presentsetaltitude distribution of ASAS
encounters derived from flight plan data (with thebbulations added) together with
that of encounters which triggered at least one AfA\shown, the greater the altitude,
the greater the proportion of encounters triggeagCAS traffic advisory.

Note In the figure, the altitude of the encounter &fined as the altitude of the
higher aircraft at the Closest Point of Approach.

O All encounters @ Encounters with at least one TA |

1200
» 900 /\
© S 600
# 3 /
2 300
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60 90 120 150 180 210 240 270 300 330 360 390 FL

Figure 33: Altitude distribution of ASAS encountersderived from flight plan data with
and without TA (“Mix of pass behind/in-front” scenario)

Whatever the source of data used for the simulatithesgreat majority of the TAs
were triggered within ASAS encounters where an ASdeghoeuvre was required to
achieve the applicable separation minimum. The pdatidnteraction between the
demanding separation minimum of 4 NM and the ACAS lagidlustrated in the
following figure which presents the likelihood oA% depending on the horizontal
separation achieved at CPA within the ASAS encasrderived from radar data.
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4.5.3.6.

4.5.3.7.

4.5.3.8.

4.5.4,
45.4.1.

4.5.4.2.

4.5.4.3.
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Figure 34: HMD distribution of ASAS encounters derived from radar data with and
without TA (“Mix of pass behind/in-front” scenario)

In all cases where an ASAS lateral crossing proeedid trigger a ACAS traffic
advisory, the TA was received in the “heading phasehe manoeuvre and not in
the “resume phase”.

Finally, depending on the source of data and thA\Scenariofrom 1% to 3% of
the ACAS traffic advisories observed in the simulabns were repetitive alerts
Under these circumstances the “traffic, traffic'uaniation would be given more
than once on the flight deck against the samedeiruthe other aircraft involved in
the ASAS procedure.

These results are very dependent on the qualitiyeofrajectories used in simulation.
For instance, alerts were almost nonexistent orABAS encounters derived from
the flight plan data (before adding the wobbulajorConsequently, although such
situations could be expected to be very infrequeith perfect CNS performance,
they are likely to occur during actual ASAS operya$i with real equipment.

ACAS / ASAS compatibility

From an ATC perspective, the issuance of disrupfi@AS resolution advisories

during ASAS lateral crossing procedures is likadytte considered as a lack of
compatibility between the separation function predidby ASAS and the collision

avoidance function devoted to ACAS.

Taking into account the frequency of the ASAS Hklterossing procedure estimated
within the WPO7 study based on modified radar d#ta, mean likelihood of
undesirable RAs during nominal ASAS operations wasstimated to one per
sector every 6 daysregardless of any other RAs that may occur indadgethy of
the ASAS lateral crossing procedure.

It should be noted that almost all the ASAS encasrieat caused an RA (i.e. about
92% within the WP06 study and 100% of the encosntgthin the WP07 and WP08
studies) occur above FL200, i.e. at an altituderevlibe ACAS logic operates with
sensitivity level 7, and with an HMD between 4 NMda5 NM at CPA, which
correspond to the most numerous ASAS encounters wdratee ASAS scenario and
the source of data.
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4.5.4.4. The simulation results show that the issuance oRise is sensitive to the quality of
the aircraft trajectories used in the simulatiokhs.an example, the following figure
shows the proportion of RAs that have been obseimethe ASAS encounters
derived from flight plan data with and without woltdtions. As shown, whatever
the ASAS scenario, the alert rate is multiplied daaor of up to three when RNP-1
and RVSM compliant deviations are introduced intthgectories.

O Generated BWobbulated |

0,
< 1,0%
£ 08% 0,6% 0,6%
= 0.6% ﬂ,‘;on
o O
()
£ 04% 0.2% 0.2% 0.2%
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& 0,0% T T
X 4NM - Mix of 4ANM - Pass 4NM - Pass in-
pass behind/in- behind front

front

Figure 35: Likelihood of RAs in the ASAS encountersvith and without wobbulations

4.5.4.5. Further, in all three studies, the RAs triggeredirdythe ASAS procedures were
transitory alerts of small duration (i.e. betweena®d 13 seconds on average,
depending on the ASAS scenario and the sourcetaj.dehis feature is illustrated in
the following figure, which shows the mean RA duwatbbserved within the ASAS
encounters derived from the European radar dath,re#pect to the time of the CPA
(Tcpa).

4.5.4.6. As shown in the figure, these transitory RAs ase @haracterised by the issuance of
an early “Clear of Conflict” (CoC) generated whihe aircraft are still converging.
All RAs
EEEEEe—
10% shortest RAs
]

10% Iongest RAs

| | |
I | I
Tcpa — 30s Tcpa — 20s Tcpd®Bs

I >
| "
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Figure 36: lllustration of RAs duration in the ASAS encounters derived from radar
data

Note These alert durations should be compared withnibrainal TCAS Il logic
version 7.0 time thresholds for RAs, which is 350sels at high altitudes, possibly
reduced to 25 seconds if the ‘Vertical ThresholdstTgVTT) applies (cf.
Appendix B for further details).

4.5.4.7. A specific analysis of the TCAS Il logic versionir/ such situations was performed
within the (WP08) study based on flight plan dathjch confirms that alerts result
from situations in which the circumstances of theoemter prevent the ‘Miss
Distance Filter’ of the TCAS Il logic from operagjreffectively.
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4.5.4.8.

4.5.4.9.

4.6.

4.6.1.
4.6.1.1.

4.6.1.2.

Note To avoid any side-effect linked to the TCAS siltaace function, this
analysis was performed on the set of ASAS encoudteniged from flight plan data
before adding the wobbulations.

All the ASAS encounters looked at roughly follovettsame scenario:

* At some point prior to the CPA, own aircraft is sdgnthe ACAS logic as
manoeuvring, thus disabling the MDF and settingHMD to a value of —1.

» Then the vertical test is passed (either becauttetbe predicted VMD and the
vertical distance are lower than ZTHR, or becaud®&)\I becomes lower than
TVTHR) and the range test is passed. As the HMBeisto —1, and is thus
lower than any possible value of DMOD, the rang# becomes equivalent to
TAUR simply becoming lower than TRTHR. Hence, an RAriggered.

* A few seconds later, own aircraft is no longer sesnmanoeuvring, thus
resetting the HMD parameter to its computed valueichvlis greater than
DMOD because of the ASAS targeted spacing valukNif/.

e After 5seconds of HMD being greater than DMOD, trenge test is
invalidated and the “Clear Of Conflict” is issuells the initial RA has been
issued far in advance of the CPA, the CoC advisdsp occurs before the
CPA.

Assuming a standard pilot reaction to the ACAS maswmh advisories, these
transitory RAs have a positive effect on the rasgltertical deviations. Hencéhe
mean vertical deviation in response to RAs variesdiween 150 ft and 190 ft
depending on the ASAS scenarios and the sourcataf &urther, the incidence of
RAs causing deviations of more than 300ft was noy Yégh (i.e. less than 11%,
10% and 19% respectively for the WP06, WP07 and 8420dy) and none resulted
in vertical deviations greater than 600 ft.

Sensitivity analysis depending on the applicable separation
minimum

Scope and approach

The sensitivity of the ACAS/ASAS interaction tdet separation minimum
applicable during the ASAS lateral crossing procedumas explored within the study
based flight plan data (WP08).

The focus was on the ASAS encounters which requrgzhss behind” or a “pass in-
front” manoeuvre to preserve various separation mininvalues and examining the
impact on the various ACAS/ASAS interaction indiza. All three ASAS
scenarios defined in the IAPA simulation frameworkéaeen investigated with an
applicable separation minimum ranging from 2 NM to M Nwith 1 NM
increments®,

14 Although not operationally realistic (notably dicethe wake vortex constraints), the 2 NM bound
was investigated to confirm any trend observed welloe demanding separation value of 4 NM.
Further, the 6 NM bound was investigated to confinmresults of the IAPA case study [WP04/29].
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4.6.1.3. It should be noted that, to avoid any side effeotnf the quality of the simulated
trajectories, this investigation dealt only with AS encounters without
wobbulations.

4.6.2. Main results of the sensitivity analysis

4.6.2.1. The following figure presents the likelihood of AGAalerts obtained for the “mix of
pass behind/in-front” scenarios depending on th&®&Separation minimum used in
the simulations.
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£, 80%—
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g ©
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Figure 37: Likelihood of ACAS alerts depending ontie ASAS separation minimum
(“Mix of pass behind/in-front scenarios”)

4.6.2.2. As shown, the sensitivity analysis indicated thamninimum separation value of
7 NM was necessary to prevent TAs from being trigged when an ASAS
manoeuvre is required. Further, a minimum separatiumevof 5 NM was necessary
to prevent the issuance of any RAs. A similar trerad observed for the two other
ASAS scenarios, i.e. the “pass behind only” and‘ffaess in-front only” scenarios.

4.6.2.3. Whatever the scenario, all the ACAS alerts aregtnigd in the “heading” phase of
the ASAS lateral crossing procedure (i.e. befoeedincraft resume their navigation
direct to track) with only one exception where T occurred 1s after the ‘Clear of
Traffic’ advisory and where no subsequent RA wiggéared.

4.6.2.4. All the RAs triggered within each of the ASAS sceos are corrective RAs.
Further, the great majority (between 93% and 96%)pasitive RAs, i.e. “Climb” or
“Descent” advisories, whatever the ASAS scenario.

4.6.2.5. As for the RAs whose initial advice requires tha flight crew reverse the aircraft
vertical rate, they represent 6% to 9% of all thesRlepending on the scenario.
Rate-reversing RAs are disruptive since the detisioreverse the vertical rate is
harder to take and takes longer to implement.

4.7. Comparison of the interaction with ACAS between ASAS and ATM

4.7.1. Scope and approach

4.7.1.1. The comparison of the ACAS/ASAS interaction betweRTM and ASAS
operations was explored within both the study basethe ASAS encounter model
(WPO06) and the study based on modified radar &&E0{7).
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4.7.1.2.

4.7.1.3.

4.7.2.
4.7.2.1.

4.7.2.2.

4.7.2.3.

4.7.3.
4.7.3.1.

4.7.3.2.

A preliminary investigation of the compatibility ougent ATM operations with
ACAS was necessary. This was made at two distineldan the two IAPA studies:

« on a whole set of (about 400,000) encounters gteerdom the ATM
encounter model, regardless of whether or not théAR$rocedure is
applicable; and

e on the whole set of (12,350) horizontal crossingoamters with an ATC
intervention extracted from the radar data, whichstituted the candidate
ASAS encounters in the WP07 study based on modiéiddr data.

In a second step, both studies made a comparativesanaf the interaction with

ACAS observed in both the ATC and ASAS encountdifsis comparison was

limited to comparable sets of encounters, i.e. #teo§ encounters (with ASAS)
where the ASAS procedure was applicable and the safet of encounters but in
their original form (without ASAS) that includeddATC intervention.

Main ACAS simulation results for the generated A€Ntounters

Taking into account the amount of flight hours esgnted by the generated
encounters, the ACAS simulations based on the ATigbanter model resulted in
about one TA every 4 flight-hours and about onedRary 20 flight hours.

These TCAS alert rates are markedly greater thasetlobbserved in real life (i.e.

about one RA every 1,000 flight-hours and one Rargv0 TAs). The cause of

these discrepancies is qualitatively understood amsks from limitations of the

artificial encounters. Hence, the WPO06 results oarbe considered as accurate
estimates of absolute metrics of the interaction betWACAS and ATM.

Despite these limitations (which apply equally te &iTM encounters and the ASAS
encounters), the comparative analysis performed dmtwASAS and ATM
encounters was still considered meaningful sineeag limited to comparable sets of
encounters.

Main ACAS simulation results for the radar horizlrdrossing encounters

As previously mentioned, the investigation of ATMdaACAS compatibility within
the WPO07 study based on modified radar data waselihtiv the subset of radar
encounters which correspond to horizontal crossimgpunters with an actual ATC
intervention. These encounters resulted in theaissel of some Traffic Advisories
(in about 3% of aircraft), as well as a few RedolutAdvisories (about 0.1% of
aircraft).

Note It was not possible to compute TCAS alert ragger flight-hours) since the
amount of flight hours represented by the subsédtanizontal crossing encounters
was not known.

No specific removal of observable pilot reaction dotual ACAS alerts was
performed on the radar encounters. This may leadntaralerestimation of the
number of alerts, although the presence of ACASaeses does not normally
prevent the issuance of the alerts during the AGkv&lations.
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4.7.3.3.

4.7.3.4.

4.7.3.5.

4.7.3.6.

4.7.3.7.

4.7.4.
4.7.4.1.

Since the radar encounters with loss of ATC sejmardtave been discarded from the
set of encounters of interest for the IAPA studif,the ACAS alerts triggered
during the ACAS simulations are “undesirable” alerts occurring while the
applicable ATC separation is maintained.

As shown in the figure below, which presents thsetritiution of encounters
triggering at least one TAhe great majority (about 75%) of TAs were triggeral
within encounters with either one or two level-offissued by ATC in order to
preserve vertical separation A non-negligible proportion of TAs occurred withi
radar encounters with tactical turns (11%) or a daatton of horizontal and vertical
manoeuvres (9%).

9% 5% 11%

0% O Tactical Turn(s)
1%/\ W Tactical Level-off(s)

ODelayed Climb/Descent (s)
O Tactical FI Change(s)

B Combined H&V Manoeuvres
% encounters

ith TA 74% O Two Distinct V Manoeuvres
WI

Figure 38: Distribution of Traffic Advisories in th e original radar crossing encounters

Further,all RAs occurred during level-off encounters The encounters triggering
an RA are necessarily a subset of the radar enexauiniggering a TA.

It should be noted that ACAS simulations were alsdgymed on the same subset of
radar encounters, but following the removal of tthentified ATC intervention. The
increase in the amount of ACAS alerts when remothiegATC intervention is about
8 times more for TAs and about 70 times more for RAs.

Hence, the RA/TA ratio increases from 3% for thegiodl radar encounters (with
ATC) to about 30% for the modified ATM encounterstfisthe ATC intervention
removed). These orders of magnitude seem reasonakilegtinto account the
respective role of ATC and ACAS, i.e. the provisadrseparation and the prevention
of collision.

Comparative results for the ASAS and ATC scenarios

When comparing the ACAS simulation results obtaingtth the ASAS encounters
sets and the original encounters (without ASAS)weitih ATC intervention, slightly
distinct trends were observed depending on the 1ARAlYy:

* On one hand, the WP06 study based on the ATM enepurodel resulted in a
slightly lower TA rate in the ASAS lateral crossipgpcedures than when the
encounters are managed by ATC, but the RA rategisehi(about four times
greater) with ASAS than with ATC.
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4.7.4.2.

* On the other hand, in the WP07 study based on neadifadar data, the
number of TAs, respectively RAs, within the oridimadar encounters with
ATC is about ten times less than the number of theedgpe of alerts within
the ASAS encounters. Further, almost all origindbraencounters with an RA
trigger the alert in only one aircraft, which istrthe case for the ASAS
encounters.

The following table summarises the various TCAStakgies observed depending on
the IAPA study:

ASAS encounter model Modified radar data
Mix of pass Original ATM Mix of pass Original radar
behind/in-front encounters (from | behind/in-front encounters with
scenario encounter model) |scenario ATC

TAs | 15.0% 18.1% 18.5% 4.2%

RAs | 1.2% 0.3% 0.6% 0.016%

4.7.4.3.

4.7.4.4.

4.7.4.5.

Figure 39: Comparative likelihood of ACAS alerts béween ASAS and original ATM
encounters (“mixed of pass behind/in-front” scenaio)

The different trend observed for the TA rate migheplained by the characteristics
of the ATM encounter model, which generate encagntgith horizontal miss
distances no greater than 10 NM and vertical missudces no greater than 2,000 ft,
which is much smaller that the actual distributi@isserved in the original radar
encounters (used to build the encounter model).htulsl be noted that this
phenomenon is no more visible when looking at tlevglence of RAs between the
ASAS and ATM encounters.

Detailed analysis of the ASAS encounters derivaerinfithe radar data and their
original form with ATC has shown that the interantiwith ACAS rather depends on
the encounters characteristics:

e On one hand, the great majority (about 83% whattheerASAS scenario) of
the ATM encounters triggering at least one TA correspod to level-off
encounters Only a small proportion (less than 10%) of théjioal radar
encounters with a tactical turn triggered a TA.tker, it should be noted that
the tactical turns triggering at least a TA usuatyrrespond to a composite
aircraft separation, i.e. a shift from a horizonggparation to a vertical
separation that results in a reduced horizontarsgjon at CPA.

» On the other hand, the TA likelihood varies depegdin the subset of ASAS
encounters (i.e. from about 65% for the ASAS enaensnwith a “pass behind”
manoeuvre, 62% for the ASAS encounters with a “ra$ont” and less than
1% for the ASAS encounters with no manoeuvre reguito preserve the
ASAS separation). It should be noted that the dagteounters correspond to a
separation atlosest approaclgreater than the minimum separation value of
4 NM.

When comparing the encounters triggering ACAS alerisa case by case basis,
except for the 1,000 ft level-off geometry, tharent ATC operations (as observed
in the radar datagppear to be much more compatible with ACAS than A8S
lateral crossing procedureqwith the minimum separation value of 4 NM).
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4.7.4.6.

4.8.

4.8.1.
4.8.1.1.

4.8.1.2.

4.8.1.3.

4.8.1.4.

4.8.1.5.

4.8.1.6.

4.8.1.7.

4.8.1.8.

It should be noted that the interaction with ACAServed within the original level-
off encounters could be reduced through the apiceof ASAS lateral crossing
procedures, while reducing the need aircraft tell@¥f in climb or descent phases.

Study based on real-time simulation data

Scope and approach

Work Package 9 of the IAPA project studied the ACa#&® ASAS interaction using
real-time simulation data.

In the IAPA project plan [WP00/002D], it was assurnibdt real-time simulation
results with and without the selected ASAS appiicatvould be available at the
start of the IAPA Project. In fact, at the starttoé IAPA project, only one real-time
experiment involving ASAS lateral crossing proceduhad been conducted at the
EEC - the EACAC 2000 experiment. In addition, noeoteuch experiments had
been planned for 2003 nor 2004.

Using the EACAC 2000 data, an initial investigatianto the potential
ACAS / ASAS interaction was reported in [WP09/036he study focused on the
three experiments with ASAS contribution. Unfortwetgt the main finding was that
none of the encounters with ASAS contribution pietlany ACAS alerts, and that
the detailed investigation into ACAS / ASAS intdian, anticipated in the 1APA
project plan, looked to be compromised.

It was agreed that the merging phase of a Sequgraid Merging (S&M) ASAS

procedure could produce similar encounter geometdethe heading phase of a
lateral crossing ASAS procedure. Therefore, a sampla-time experiment

involving S&M ASAS procedures was investigated totedmine whether a

significant number of such encounters could be fotmgustify a more detailed
IAPA study. The CoSpace Nov 2002 real-time S&M ekpent in an Extended-
TMA environment was subsequently proposed for thadyssis.

A preliminary analysis of the S&M real-time data waported in [WP09/042]. The
study focused on the four experiments with time-tased distance-based ASAS
contribution. Once again, it was found that the AS#counters did not produce any
ACAS alerts.

A further S&M real-time experiment in a TMA environmérad been conducted in
Nov-Dec 2003. This was considered to be potentrallye interesting than CoSpace
2002, from the point of view of the IAPA projectuel principally to the 3 NM
standard ATC separation.

Consequently, a further investigation based onGb8pace 2003 data was reported
in [WPQ09/055]. The study focused on the six expenimeavith time-based ASAS
contribution. Unfortunately, once again it was fduthat none of the ASAS
encounters produced any ACAS alerts.

Despite the absence of ACAS alerts from real-time kitimn ASAS encounters, it
was considered of interest to investigate the raofyeencounters in the S&M
simulations, and also to investigate how far thel-tiege experiment S&M
operations were from triggering ACAS alerts. Conseqly, a further investigation
based on the real-time S&M encounters was made aondeddn [WP09/067].
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4.8.1.9. The various real-time experiments finally investiglaite the IAPA study, as well as
their main characteristics, are summarised hereafter.

Experiment ASAS operations simulated | Main characteristics

EACAC 2000 |Lateral crossing & passing | En-route environment

(3 runs) procedures

CoSpace 2002 | Sequencing and Merging Extended-TMA environment

(4 runs) operations Time-based and distance-based spacing
CoSpace 2003 | Sequencing and Merging | TMA environment

(6 runs) operations Time-based spacing

Table 10: Various real-time experiments investigat within the WP09 study

4.8.2. Data collection and processing

4.8.2.1. The real-time traffic samples, on which the real-tiexperiments were based, were
created from morning and afternoon real traffic sasyfilem the Paris area. These
traffic samples were also adjusted to represeneasad traffic loads expected in the
future airspace.
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4.8.2.2.

4.8.2.3.

4.8.2.4.

4.8.2.5.

4.8.3.

4.8.3.1.

4.8.3.2.

4.8.3.3.

4.8.3.4.

The execution and analysis of the ACAS simulatioreyewconducted using the
available tools at the EUROCONTROL Experimental @enThese tools included
INCAS and the ACAS Server:

* InCAS is a Windows-based interactive fast-time sinwldor analysing both
real and synthetic ACAS encounters. INCAS simula@aS surveillance, the
TCAS Il logic, TCAS-TCAS coordination, the cockpénnunciations and
display of TCAS alerts, and has additional toolarnalyse and represent TCAS
data graphically.

+ The ACAS Server is a Unix-based offline simulatopaisle of working
directly with real-time experiment trajectory daténe ACAS Server simulates
TCAS surveillance, the TCAS logic, and TCAS-TCAStination.

For the IAPA WPQ9 study, the ACAS Server was camfégl to run with all aircraft
operating TCAS Il version 7, and reporting altitugleantised to 25-ft. All instances
of TCAS alerts were logged, and any encounter mioduan RA was automatically
output for more detailed investigation with INCAS.

A tool was developed to enable the extraction of asal-time encounter for
investigation and replay with INCAS (regardlesswdfether any ACAS alert was
generated in the ACAS Server simulation). Finalhe statistical analysis of real-
time trajectory and encounter data was conductéty uandard Microsoft Office
tools (Access & Excel).

For the initial investigation, only the measuredlteaae exercises involving ASAS
procedures were used in ACAS simulations and statistnalysis.

Description of the real-time simulation data sets

EACAC 2000 lateral crossing study

In the EACAC 2000 experiment, all the traffic wasiggped to receive ASAS lateral

crossing and passing (C&P) instructions, thus affprmaximum opportunities to use
ASAS. However, although controllers were invitedise the ASAS procedures, they
were not forced to.

A minimum applicable separation of 8 NM during latecrossing manoeuvres was
applied in the EACAC 2000 experiment. This is sigaifitly greater than the 4 NM
minimum applicable separation specified for the 1ABtAject studies.

The three measured exercises involving ASAS prassdtptalled approximately
6h 25m of simulation and 434 flights. Around 20% ludge flights were involved in
an ASAS procedure, of which 97 were lateral cragsirHowever, only 85 lateral
crossing encounters were compliant with the cormstiof use of the ASAS lateral
crossing application defined in the IAPA OED (&c8on 2.3).

CoSpace 2002 sequencing and merging study

In the CoSpace 2002 S&M experiment, a generic enment derived from an
existing one (i.e. Paris TMA and Extended-TMA) vemulated. Traffic arriving at
two major airports in proximity were sequenced andgae from 4 main streams of
traffic.
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4.8.3.5.

4.8.3.6.

4.8.3.7.

4.8.3.8.

4.8.4.
4.8.4.1.

4.8.4.2.

4.8.4.3.

The standard spacing at transfer between en-rowteapproach (except in case of
explicit co-ordination with the approach) was 8 NMthout ASAS and with
distance-based ASAS spacing, and 90 seconds wititliased ASAS spacing. The
minimum standard separation used was 5 NM in en-raund,3 NM in approach.
The use of ASAS spacing instructions was at theérobher’s discretion.

The four measured exercises with ASAS totalled apprately 5h 28m of
simulation and 455 flights. Around 42% of thesehtgywere given ASAS spacing
instructions, from which 174 S&M encounters were ahlg for the IAPA
investigation.

CoSpace 2003 sequencing and merging study

In the CoSpace 2003 S&M experiment, focus was oraisessment of time-based
ASAS spacing instructions in the CoSpace TMA envinent under very high
traffic. The minimum standard separation was 3 NM, #rel target spacing was
90 seconds. The use of ASAS spacing instructiorssaiv¢ghe controller’s discretion.

Six measured exercises with time based ASAS spadigjructions were
investigated. The six exercises with ASAS totall@gproximately 8h 19m of
simulation and 626 flights. Around 79% of the flighvere given ASAS spacing
instructions, from which 510 S&M encounters were ahlg for the IAPA
investigation.

Main ACAS simulation results

In the C&P real-time experiment investigation, no A& Alerts were produced. This
result is not surprising in view of the 8 NM minimwaparation applied to the lateral
crossings. In fact, with the margins used by ATC, tnseparations were observed to
be in the region of 8 to 10 NM, well above the 4 KNhimum applicable separation
selected for further investigation within the IARAIdies.

The lack of ACAS alerts in the C&P real-time expennés in accord with the
sensitivity analysis performed in the IAPA WP08 studhich indicated that ACAS
alerts would be very unlikely to occur in laterabgsings with separations in excess
of 7 NM.

In the S&M investigations, no ACAS alerts were proed. Moreover, of those
encounters which came closest to producing an ACAS iTwas found that the
minimum Range-TAU in each case was still well abowe ¢nore than 25 s) the TA
threshold.
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4.8.4.4. The following figure shows the difference that sxXitetween the minimum Range-
TAU and the TA threshold in the twelve most demagdincounters extracted from
the CoSpace S&M simulations:

—e— CoSpace 2002 S&M —m— CoSpace 2003 S&M

©)
60
50
40
30 4
20
10 1
0 —_—

1 2 3 4 5 6 7 8 9 10 11 12 Rank

Delta TAU-
Threshold

Figure 40: Minimum Range-TAU encounters extractedfom CoSpace S&M simulations

4.8.4.5. This positive result indicates that the S&M procedurwith operational target
spacing values, are robust against ACAS. This tremulin accord with the
preliminary analysis of S&M operations performedtie tAPA WP04 study.

4.8.4.6. From the point of view of the IAPA project, howevéhne available real-time data
proved to be insufficient to support the ACAS pemiance measurements and
detailed ACAS / ASAS interaction analysis, antitgehin the IAPA project plan.
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5.1.

5.1.1.

5.1.2.

5.1.3.

5.1.4.

5.1.5.

5.1.6.

Safety analysis of the ACAS / ASAS interaction

General

During the Phase Il of the IAPA project, Work PapialO performed a safety
analysis of the interaction between ACAS and theA8Sapplication selected for
further investigation, i.e. the ASAS lateral crogsapplication.

This safety analysis was supported by a set of rdsttemd tools developed in
previous ACAS studies [ACAla], [ACAlb], [ASARP] andupplemented by
complementary hazard assessment techniques. Advamage taken of the
guidelines of the Operational Safety Assessment rdethgy [ED78A] developed

by a joint RTCA SC-189 / EUROCAE WG-53 committee dmel EUROCONTROL

Safety Assessment Methodology [SAM].

The objective of the IAPA safety analysis was thieleation of the safety benefits
(in terms of reduced risk of collision) than canespected from ACAS when aircraft
are engaged in ASAS operations. In the contexheflAPA study, this evaluation
was limited to ASAS operations that derived from tiee of the ASAS lateral
crossing procedure as described in the IAPA OEDQW@24].

In this perspective, some preparatory work was reduvhich consisted of:

« a review and refinement of Operational Hazard Assest (OHA) material
related to ASAS (taking into account the ACAS coast);

» the development of a contingency ffe€focused on the ACAS /ASAS
interaction situations) that allows the computataina full-system risk as a
combination of ACAS logic risks and probabilities ather external events;
and

» the refinement of an existing European safety entmyumodel into an
ACAS/ASAS safety encounter model (taking into acdotire anticipated
effect of ASAS operations). These safety encountedels allow the
computation of ACAS logic risk ratios from simulatowith various scenarios
of ACAS equipage and operation by the pilot.

Using the ACAS/ASAS safety encounter model and AfRAl contingency tree thus
produced, the safety benefits that can be expefitsd ACAS during ASAS
procedures were assessed for various operatiog@disos.

The remainder of this chapter presents the methodaloglements, together with
the main assumptions and findings of each of theselOMRork areas (cf.
[WP10/110] for further details).

15 The terms “fault-tree” and “event-tree” have bemmd in the former ACASA project and at the
start of the IAPA project. The term “contingencgdl was finally preferred as the other terms have
specific different meanings in the field of safatyalysis.
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5.2.

5.2.1.
5.2.1.1.

5.2.1.2.

5.2.1.3.

5.2.2.
5.2.2.1.

5.2.2.2.

5.2.2.3.

5.2.2.4.

5.2.2.5.

Review and refinement of OHA material

Scope and purpose

The objective of the first WP10 work area was todoice an agreed Operational
Hazard Assessment of the ASAS lateral crossing proeethat takes into account
the effect of ACAS operations.

For this purpose, the work performed was broken dotmthree main subtasks:
» an OHA focused on the ACAS procedure [WP10/050];
« an OHA focused on the ASAS procedure, without AGAS10/063]; and
* an analysis of the impact of the ASAS OHA on theA830OHA [WP10/069].

The OHAs enumerated the operational hazards retatedch procedure, and were
adapted for the specific purpose of the IAPA Priojébe work also listed mitigating
factors already identified in the IAPA Operatiofalvironment [WP01/024], which
supported safety even in the presence of a hazard.

OHA focused on the ACAS procedure

The OHA focused on ACAS was supported by the ginidsl provided by the
EUROCAE Operational Safety Assessment methodolodys Tethodology has
been developed to address the assessment of ensyktese domain spans multiple
fields, and more precisely an ATM system supporteddta-link applications. It is
also used in support of safety assessment of ASpcapons under development.

A team of ACAS experts used a “brainstorming” methgdided by the ACAS

procedure represented by the three successiveptiasel A occurs, RA occurs, and
Completion of RA), to establish a list of hazardattban occur during the ACAS
procedure. These hazards were identified as “céusethe consolidated list of

Operational Hazards (OH).

The severity assessment of possible operationakgaesces of these OHs was then
classified according to the [ESARR4] matrix definb§ EUROCONTROL to
support risk assessment in ATM. The effects andsdiaations of operational
hazards were assessed in relation to both envircinend procedural safety
assumptions.

Theenvironmental safety assumptiongncompass the following items:

» All aircraft are TCAS Il version7.0 equipped; Thiere, all RA manoeuvres
are co-ordinated,;

* Encounter configuration is such that last resolliston avoidance manoeuvre
is effective; and

» All aircraft have a single Cockpit Display of Traffinformation (CDTI), i.e.
with shared ACAS and ASAS information.

The procedural safety assumptionsi.e. procedural features used as mitigation
means during the OHA of the ACAS procedure, aredistereafter.

EUROCONTROL Mode S & ACAS Programme — DSNA, EEQ&IQ & Sofréavia — IAPA Project Page 94/136



IAPA Project Final Report — Synthesis and guidedine
IAPA/WP11/114/D

28-10-2005
Version 1.2

Safety Assumptions Title

ATC delivers appropriate traffic information to o
aircraft

ATC provides appropriate instruction to own airttaff Annex 11, PANS-ATM
ensure separation

Flight crew does not manoeuvre following TA
Flight crew properly follows the RA
Flight crew of intruder aircraft properly followkd RA

Flight crew applies the regular “see and av
procedure on visually acquired intruder

Flight crew does not manoeuvre following RA if
jeopardizes own aircraft safety.

In case of RA, flight crew does not follow AT
instruction

In case of RA, flight crew notifies ATC

Related ICAO Documentation
vAnnex 11, PANS-ATM

PANS®Part VIII Chapter 3
PANS-OPS Pattl\Chapter 3
PANS-OPS Part VIII Chapter 3
piliinex 2, PANS-OPS

RANS-OPS Part VIII Chapter 3

@ANS-OPS Part VIII Chapter 3

PANS-OPSrP¥dlll Chapter 3
Table 11: ACAS procedural safetyassumptions

5.2.2.6. The following table presents the most severe OHstedlto the ACAS procedure,
which resulted from the consolidation of the varibsted hazards:

Phase| OH Title Possible Causes Operational Consequences | Severity

P2 Flight crew
manoeuvres in
opposite sense t

RA

ATC delivers instruction
contrary to RA

DFlight crew misinterprets
traffic situation
Misinterpretation of
TCAS Il display or aural
annunciation

If the ACAS logic operates
properly, a reversal RA may b
generated on-board both
aircraft. However, the safety
margins will be substantially
reduced

Large reduction in separation
without flight crew or ATC
controlling the situation.

e

2

P2 RA manoeuvre
required by
ACAS results in
a risk of near
mid-air
collisiont®

ACAS logic

Intruder does not
manoeuvre as required b
ACAS

Wrong altitude reporting
by intruder

If the flight crew does not
identify that the RA increases
ythe risk of collision, it will
manoeuvre in such a way that
the latter will be increased.

Large reduction in separation
without flight crew or ATC
controlling the situation.

Table 12: ACAS OHs of most severe potential conseguces

16 A risk of Near Mid-Air Collision (NMAC) was assess with a severity 2 within the study based on
the assumption of full ACAS equipage and assuntiag &t least one flight crew properly follows the
coordinated RA.
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5.2.3. OHAs focused on the ASAS procedure

5.2.3.1. The OHA focused on ASAS was based on the EUROCONTRAM methodology
and more precisely, its Functional Hazard Assessrtiéif) process. The SAM
methodology has been developed to reflect bestipeacfor safety assessment of
Air Navigation Systems and to provide guidancetiair application.

A team of ASAS and safety experts, guided by thé&8%rocedure defined in the
OED, and represented by the three successive pfiasemitialisation, execution,
and completion of the procedure), identified theeptal failures and hazards that
can occur. The severity assessment of possible tap®ah consequences was
classified according to the [ESARR4] matrix.

The main results of the ASAS OHA are listed in Tabfe ASAS OHs of most
severe potential consequences:

5.2.3.2.

5.2.3.38.

Phase| OH Title Possible Operational Recommendations Severity
Consequences
P2 Incorrect manoeuvidisk of loss of separation Spacing value must be 3

significantly greater
jthan applicable
separation standards f|

enable detection

onto first leg
detected by ATC

Procedure is aborted

Stress and additional workloa
for ATC and flight crew

determined by flight
crew — undetected

Additional workload for ATC

indications of Clear of
Traffic

P2 Late manoeuvre | Risk of loss of separation Build time-to-go-to- 3
onto first leg Procedure is aborted CPA into procedure
Stress and additional workloagd
for ATC and flight crew
P2 Insufficient flight | Procedure is aborted Improve CDTI HMI 3
crew monitoring of | stress and additional workloagvarnings on separation
(L)spacing/ for ATC and flight crew Review training
(2)separation — (1)
detected by ATC
P2 Clear of traffic not | Procedure is aborted Improve CDTI HMI 3

or inefficiency

Risk of loss of separation with
other traffic

by ATC Review training

Table 13: ASAS OHs of most severe potential consegpces

5.2.4. Analysis of the impact of the ASAS OHA on the ACASIA

5.2.4.1. The possible interaction between the ACAS and AARedures was studied from
three points of view:

Change in likelihood of ACAS OH thanks to enhané@dTraffic Situational
Awareness (ATSAW);

Change in severity of ACAS OH; and
ASAS OH may cause an ACAS OH.

EUROCONTROL Mode S & ACAS Programme — DSNA, EEQ&IQ & Sofréavia — IAPA Project Page 96/136



IAPA Project Final Report — Synthesis and guidedine
IAPA/WP11/114/D

28-10-2005
Version 1.2

5.2.4.2.

5.243.

5.24.4.

One of the main findings of this analysis was tihat interaction between ACAS
and ASAS expresses itself differently depending owhether or not the ACAS
intruder is the other aircraft involved in the ASAS procedure or a third
aircraft.

Furthermore, assuming an appropriate design of glesinaffic display with shared
ACAS and ASAS information, the analysis also revealeat the severity and

likelihood of some hazards may decrease thanks tdwé enhanced Airborne

Traffic Situational Awareness of the flight crew

The following table presents two examples of theaotpf ASAS on ACAS, which
correspond to two distinct scenarios in terms oftivieor not the ACAS intruder is
the other aircraft involved in the ASAS procedure:

OH Title Initial Additional/Modified | Potential | Additional/Modified Potential
severity |causes in an ASAS |trend of |consequences in an ASAS| trend of
context likelihood | context severity
ACAS intruderis |3/4 Less likely that the |Less The ASAS procedure is | Less
ASAS designated flight crew interprets impacted
aircraft & flight wrongly the traffic The ASAS procedure may
crew manoeuvres situation thanks to be abortediue to
aircraft following ASAS/Enhanced manoeuvre
;ch\:Jvilgil?our: visual ATSAW Flight crew’'s ATSAW is
enhanced thanks to ASAS
thus severity may decrease
ACAS intruderis |3/4 Same The ASAS procedure is | Same
not ASAS impacted
designated aircraft The third aircraft could be
& the RA the ASAS designated
manoeuvre creates aircraft
a conflict with a
third aircraft

5.2.5.
5.25.1.

5.25.2.

Table 14: Examples of the impact of ASAS on ACAS Os$l

Review of the ACAS and ASAS OHAs in the contexthlsd contingency tree

A review of the ACAS and ASAS OHAs [WP10/081] wamducted to determine
whether each OH identified was already presentiénACASA event tree (on which
the IAPA contingency tree was based), and whetherapproximations used were
acceptable. It was found that all of the OHs in &&AS OHA were adequately
represented in the ACASA event tree.

Nevertheless, the review of the ASAS / ACAS intémac OHA did reveal the need
to introduce a high-level change (relative to theASA event tree) into the IAPA
contingency tree [WP10/084] to address the asymmibiay exists between the
reference aircraft and the threat aircraft (agaitsch there is an ACAS RA).
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5.25.3.

5.2.5.4.

5.3.

5.3.1.
5.3.1.1.

5.3.1.2.

5.3.1.38.

53.1.4.

5.3.15.

In the ACASA event tree, the circumstances of the &ivcraft on a close encounter
course were treated symmetrically. In the IAPA caeimcy tree, these
circumstances were different since the referenoeadt is actively engaged in an
ASAS procedure, which is not the case for the aft@against which the ACAS logic
issues an RA (this latter being either the paspasticipant in the ASAS procedure
or not involved at all in the ASAS procedure).

Further, to take into account the asymmetry identifia the ASAS/ACAS
interaction OHA with regard to the nature of aiftemainst which there is an ACAS
alert, the IAPA contingency tree was split into taimilarly structured parts at the
top level: an “ASAS intruder branch” and a “thirdcaaft branch”. Most of the
events on one branch are qualitatively duplicatedtiee other branch, but are
assigned different probabilities that reflect tve different contexts.

Development of the IAPA contingency tree

General features

The IAPA contingency tree is focused on the risdeasment (in terms of risk of near
mid-air collision) for an individual aircraft actilyeengaged in an ASAS procedure
and which operates ACAS [WP10/084]. Such an airaafitred approach was
preferred to the airspace-centred approach usualyl in ACAS safety studies to
allow for the evaluation of the safety benefitsAXEAS in the context of ASAS
procedures in particular.

A central contributory factor to this risk assesstrare the ACAS logic risks which
relate directly to the probability of a collisiocaurring as a result of the manoeuvres
undertaken by the pilots of the ACAS equipped aitdnvolved in an encounter (cf.
section 5.4).

In practice, the safety benefits derived from th#igton avoidance advice of the
ACAS logic are modified by environmental and humastdes (e.g. ACAS may fall
to track an intruder, or a pilot may elect not tdldw an RA preferring instead
controller advice or to exercise see-and-avoid).

These other factors and their probabilities of ownce, as well as the logic risks,
are taken into account in the branching structdirdan@ contingency tree to calculate
the overall probability of the top level event, whniis that of a near mid-air collision.

By setting the probabilities of appropriate everteg contingency tree enables a
wealth of operational scenarios to be considered.

The various events included in of the IAPA contimgetree are summarised in the
following table:

events

Type of

Nature of the events and rationale| Example of events

events

Geometry | Events related to the relative Reference aircraft is on a close encounter course

disposition of the two aircratft, with the other aircraft involved in the ASAS
defining the context of the encountg@rocedure

and the possibility of visual No line of sight to the threat aircraft
acquisition A third aircraft is present
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Type of | Nature of the events and rationale| Example of events

events

Equipment| Events related to the levels of ACABitruder is ACAS equipped

events

in preference to following the RA

events | equipage of the aircraft, and their | |ntruder is not transponder equipped
actual functioning No altitude data for Mode S equipped intruder
Reference aircraft has no traffic display
ATC Events related to the presence angController is already involved (only in the “third
events involvement of a controller aircraft branch” of the tree)
Human Events related to the actions of thePilot ignores RA
factors pilots and the controller Pilot prefers controller advice
events Pilot responds promptly to RA
Visual Events related to the possibility of | Pilot already has visual acquisition of the threat

acquisition| the pilot exercising ‘see-and-avoid' pjjot with traffic display fails to acquire the #at
Pilot misperceives visually acquired aircraft

Logic Events related to the probability off One aircraft respond promptly, the other aircraft
events mid-air collision as the result of | responds does not respond
pilot responses to ACAS logic and ajrcraft are not in collision course but RA
possible controller advice induces a collision
Controller advice fails to resolve collision
Table 15: Events included in the IAPA contingencyree
5.3.2. ACAS equipage scenarios

5.3.2.1. The following table summarises the four scenaridatirey to the ACAS equipage

investigated with the IAPA contingency tree:

Equipage scenario | Reference aircraft

Threat aircraft

Baseline equipage Unequipped

Unequipped

Nominal equipage ACAS (in RA mode)

As ACAS mandate

unserviceable)

Non-nominal equipageUnequipped (or ACAS

As ACAS mandate

TA-only mode

As ACAS mandate

Table 16: Equipage scenarios investigated with theontingency tree

5.3.2.2. The baseline equipage scenario gives the underlysg(without ACAS) and was

needed to assess the safety benefits that resuitsACAS equipage. In the nominal
scenario, those aircraft covered by the ACAS mandat equipped and operating
ACAS in full RA mode. The reference aircraft is asga ACAS equipped and a
proportion of other aircraft (83.5%) are assumedA\&&quipped.

5.3.2.3. In the non-nominal scenarios, the reference airigafot operating ACAS in full RA
mode. Other aircraft covered by the ACAS mandateegp@pped and operating
ACAS in full RA mode. Further, to consider the pdiginsituational awareness
provided by ACAS TAs, distinction was made on whetbe not the reference
aircraft is able to receive TAs, i.e. whether ACAS&s unserviceable or is operated in

TA-only mode.
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5.3.3.
5.3.3.1L

5.3.3.2.

5.3.3.3.

5.3.3.4.

5.3.4.
5.3.4.1.

5.3.4.2.

5.3.4.3.

Assessment of Human Factor events

The probabilities of the principal Human Factor dgewere derived from the
probabilities for the corresponding events that badn assigned in the ACASA
study. Further, a qualitative assessment was madeaai ‘human factor’ event
associated with the reference aircraft and thegdasgéd aircraft respectively.

For those events for which ACASA probabilities wateeady available, a method
was devised to adjust the values based on the AC#&B®#ary and secondary values,
the range of uncertainty, and the qualitative assest [WP10/089].

Effort was also directed at obtaining a bettemeste for the probability that the pilot
will misidentify the visually acquired aircraft ashet collision threat (and
consequently not continue its search). To estirtiage a method based on variations
in display quality (TCAS Il display versus CDTI)éinormal human error rates was
used.

Finally, it was assumed that the probabilities ofnlan factor events for any third
aircraft would be the same as the correspondingegah the ACASA study.

Pilot response scenarios

In the contingency tree, the continuum of possilille pesponses to an ACAS RA is
represented by three representative specific reggonTwo of these cover the
situation in which the pilot notes the RA, prefé@rever any controller advice and
follows the RA with either a prompt or a slow respeh

‘No response’ covers the situation in which thefpignores any controller advice
and also ignores the RA. When the intruder is nGAS equipped, there is no need
to model ‘no response’ as this produces no changeiencounters.

By varying the proportions of the pilot respons#stinction was made between:

» ‘conscientious’ pilotsvho never ignore RAs and when they respond (becaus
they do not prefer to follow controller advice) alyg respond promptly;

» ‘typical’ pilots who generally respond promptly (75% of the timelt b
sometimes respond slowly (15%), and sometimes iggdhie RA (10%) (e.qg.
when responding to controller advice, or exercisag-and-avoid); and

» non responding pilotevho do not respond to RAs, either because thegato
receive RAs (cf. equipment events) or because tlysyematically ignore
them.

17 The ACASA study also considered a ‘wrong respanisewhich a pilot responds in a direction

contrary to the RA. However, the assumed proportibwrong pilot responses (0.1%) was so small
that the increased risk was found to have an iifgignt effect on the overall risk. As a consequenc

a wrong response due to misinterpretation of the HRA not been considered in the IAPA study.
Nevertheless, a response that is contrary to thebBéause the pilot prefers controller advice is
considered in the study.
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5.4.

5.4.1.
54.1.1.

54.1.2.

5.4.1.3.

54.1.4.

5.4.15.

5.4.2.
54.2.1.

5.4.2.2.

5.4.2.3.

ACAS safety model refinement and logic risk ratio computations

General

The logic risks are generally calculated by perfoigméomputer simulations of the
performance of ACAS in a large set of close encasriteat are representative of the
airspace of interest.

The encounters that matter are those in which twaradt are on a close encounter
course (i.e. an encounter with a negligible Hortabiiss Distance) in which there
already exists a risk of collision or in which thesponse of pilots to ACAS alerts
can result in a risk of collision.

These encounters can be generated by a ‘safetyimtecanodel’, i.e. an encounter
model that captures the properties of close encourde a series of statistical
distributions describing the parameters of a typiaicounter and their

interdependencies. A safety encounter model isndisfrom an ATM encounter

model in that it deals with a shorter timeframe andancerned only with encounter
in which there is a negligible horizontal miss disfes.

To support the computation of the ACAS logic riskgindg ASAS operations, an
ACAS/ASAS safety encounter model was needed, whizhldvdefine the properties
of close encounters in ASAS operations.

An ACAS/ASAS safety encounter model was derived fram existing safety

encounter model (i.e. the ASARP safety encounter efpodescribing the close
encounters that can be expected to occur in thepgean airspace for current ATM
operations [ASARP] but introduced the assumed tffetthe ASAS procedures on
encounter characteristics.

Derivation of the ACAS/ASAS safety encounter model

As it stands the ASAS encounter set that suppdtteddperational analysis of the
ACAS / ASAS interaction (cf. section 4.3) is noitable for a direct derivation of a
safety encounter model since it consists of encesiitewhich there is generally a
significant horizontal separation.

Nevertheless, it was assumed that the differences dkist between the ASAS
encounter set and the ATM encounter set (restriidtie encounters where ASAS
is applicable) could be used to characterise ttiecebf introducing the ASAS

procedure into the airspace.

Therefore, two intermediate safety encounter modelg wuilt respectively from the
ASAS-applicable ATM encounter set and the ASAS enber set (using the ASARP
“back-end” processor), which were then comparedeterdnine the differences that
exist between the two model's sets of tables.

18 In a safety encounter model, no specific distidnuexists for the HMD, which is assumed to be
uniformly distributed between 0 feet to 500 feet.
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5.4.2.4. From these differences, a transformation was deriliatl maps the distribution of

5.4.2.5.

5.4.2.6.

parameters for the encounters in which the ASASquare would be applicable,
into the distribution of parameters for the encorsibe which the ASAS procedure is
employed.

An ACAS/ASAS-applicable safety encounter model wagained by splitting the
ASARP safety encounter model into two separate camgaiéary models depending
on whether the ASAS procedure was applicable or Rotally, the previous
transformation was applied to the tables of the AGERAS-applicable safety
encounter model to derive the ACAS/ASAS safety enterumodel.

The overall process that supported the developménhe ACAS/ASAS safety
encounter model is shown in the following figure:

use of ASAS
simplified model

run “back-end” run “back-end”

Intermediate
ion ACAS/ASAS
safety encountel

model

Intermediate
ASAS applicabl
safety encounter

model

=

ASARP safety
encounter

ASAS procedure

applicable

ACAS/ASAS
applicable safet

ACAS/ASAS
safety encount
model

9%
=

model encounter mode

5.4.3.
5.4.3.1

5.4.4.

Figure 41: Derivation of the ACAS/ASAS safety encauter model

Underlying NMAC rates

The distribution of vertical miss distances modellim the tables of a safety
encounter model implies a certain underlying NMAGerdt is necessary to ensure
that the implied NMAC rate is realistic, so thatediable value of the risk ratio is
calculated on the basis of simulations of encourgenerated by the model.

The ASARP safety encounter model describes closeuaters in the altitude range
1,000 ft AMSL to FL415. In this range of altituddsee NMAC rate implied by the

model is 2.38107 per flight-hour. The IAPA study has assumed thatA8S

procedures will be employed only in encounters ab6y000 ft AMSL. For this

altitude range, the NMAC rate implied by the ASAR&ety encounter model is
1.09x107 per flight-hour, cf. [ASARP].
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5.4.4.1.In the encounters where the ASAS procedure is egigik, but when handled by
conventional ATC, an NMAC rate of 1.880 per flight hour was estimated. When
the ASAS lateral crossing procedure was employedhé same encounters an
NMAC rate of 1.8%107 per flight hour was estimated, cf. [WP10/110].

all close encounters ASAS-applicable ASAS
above 5000 ft close encounters close encounters
NMACs 1.0%x107 per 1.53x107 per 1.85¢<10" per
flight hour flight hour flight hour

5.4.4.2.

5.4.5.
5.4.5.1.

5.4.5.2.

5.45.3.

5.4.6.
5.4.6.1.

Table 17: Underlying NMAC rates of the safety enconter models

All other things being equal these rates would daté that there would be an
increase in the underlying NMAC when ASAS proceduaee introduced. However,
factors such as tighter navigational performancairements, new procedures and
improved training have not been taken into consta®raTherefore, these values
should instead be viewed as evidence t@ae will be needed to ensure that the
introduction of ASAS procedures does not lead to amnacceptable rise in the
underlying risk of collision.

Simulations of ACAS performance

The ACAS/ASAS-applicable safety encounter model el ACAS/ASAS safety
encounter model were each used to generate a $80df00 close encounters. These
encounters were then used in simulations of théopeance of ACAS for various
ACAS equipage scenarios and pilot responses sosn@fi sections 5.3.2 and 5.3.4).

A prompt pilot response was modelled in the ACAS é&ition of the ASAS-
applicable close encounter set, and all combinatiépsompt, slow and no response
were modelled in the ACAS simulation of the ASAS @amnter set. The models of
prompt and slow pilot responses were to the sambase tdefined in the ACASA
safety study [ACAla].

The effect of altimetry error on the vertical misstdnces (in the original encounters
and the encounters with the pilot response to AGhBulated) was included to
estimate the logic risk of mid-air collision. The pability that perceived separation
would be negated by altimeter error (and in consecgie@ near mid-air collision
would occur) was determined using the mathematicaleinaf altimetry error set up
in the ACASA project [ACA1a].

ACAS logic risks and risk ratios

The following table presents the various NMAC ratemputed following the ACAS
simulations for the various ACAS equipage scengigbssection 5.3.2) under ideal
circumstances, i.e. perfect surveillance of intradend prompt pilot responses. At
this stage, neither the interaction with the cdfgronor visual acquisition of the
collision threat by the pilot has been taken intcoant. These figures therefore
represent ‘logic risks’: the risk of collision whenly the performance of the ACAS
collision avoidance algorithms is considered.
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Baseline Nominal Non-nominal
scenario scenario scenario

ASAS-applicable 1.53x107 per 1.07107° per 3.02¢10°® per

safety encounters flight hour flight hour flight hour
ASAS close 1.85¢x10" per 1.32x10°° per 3.6710° per
encounters flight hour flight hour flight hour

Table 18: Underlying NMAC rates for different ACAS equipage scenarios

5.4.6.2. As shown, similar trends were observed for ASAS-apple close encounter set and
the ASAS close encounter set with respect to thetysdenefit of provided by the
ACAS logic, i.e.:

» the risk reduction (by a factor of about 140) wialirmandated aircraft operate
ACAS (i.e. nominal scenario) compared to the undeglyisk of the encounter
sets without any ACAS contribution (i.e. baselicersario); and

» the risk increase (by a factor of about 30) if et of the reference aircraft
engaged in an ASAS procedure disables his ACASpaagit relying on the
ACAS equipage of other aircraft (i.e. non-nominamario) when compared to
the risk achieved when all mandated aircraft opeh&1AS regardless of their
involvement or not in an ASAS procedure.

5.4.6.3. By comparing the NMAC rate when all mandated aitcaaé ACAS equipped (i.e.
nominal scenario) with the underlying NMAC rate @whno aircraft are equipped
with ACAS), a ‘procedure-centred’ logic risk ratwas determined that provides a
measure of the safety benefits of ACAS equipagenicoenters where ASAS is
applicable.

5.4.6.4. The comparison between the NMAC rate when the reéeraircraft is not operating
ACAS but all other mandated aircraft do (i.e. naminal scenario) and the
underlying NMAC rate provided an ‘aircraft-centrddgic risk ratiomeasuring the
benefits to an individual aircraft, engaged in aBAS procedure and not operating
ACAS in full RA mode, that results from the ACAS gopge of other aircraft.

5.4.6.5. Finally, a ‘progressional’ logic risk rati@f the deployment of ACAS on this
reference aircraft given that all other mandatedraft are operating ACAS, was
determined by comparing the NMAC rates obtainethennominal and non-nominal
ACAS equipage scenarios. This indicates the betefihe reference aircraft to be
obtained by ensuring that he operates ACAS properly

5.4.6.6. The following table shows these various logic risktios for both the ASAS-
applicable close encounter set and the ASAS closeunter set:

Procedure-centred| Aircraft-centred Progressional
logic risk ratio logic risk ratio logic risk ratio
ASAS-applicable 0.7% 19.8% 3.5%
close encounter set
ASAS close 0.7% 19.8% 3.6%
encounter set

Table 19: Logic risk ratios for ASAS-applicable andASAS close encounter sets
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5.4.6.7.

5.4.6.8.

5.4.6.9.

5.5.

5.5.1.

5,5.1.1.

5.5.1.2.

55.1.38.

55.1.4.

As shown, the ACAS mandate reduces the risk of nmideallision to 0.7% of the

risk that would be present if no aircraft were ACA8§uipped. This risk ratio is
virtually the same regardless of whether these w@mteos are handled by ATC or
whether the ASAS lateral crossing procedure was @yepl

The risk of near mid-air collision to an individuaference aircraft (not operating
ACAS) is reduced by more than a factor of five doeghe ACAS equipage of the
other mandated aircraft whether engaged in an ASA8eplure or not, cf. ‘aircraft-
centred’ logic risk ratios of 19.8%.

Finally, even when the reference aircraft receigesignificant benefit from the
ACAS equipage of the majority of other aircrafte thilot of the reference aircraft
can still achieve a further reduction in the rigknad-air collision by operating his
own ACAS, cf. ‘progressional’ logic risk ratios 8f5% and 3.6% respectively for
the ASAS-applicable close encounter set and the@\8lAse encounter set.

ACAS safety benefits evaluation using the contingency tree

Risk ratio scenarios

The IAPA contingency tree was used to compute ACAlBskystem risk ratios, and
intermediate risk ratios, by considering the progjsesinclusion of the various risk-
influencing factors that are modelled in the tree.

Starting with the logic risk ratio, the benefit fnothe operation of the ACAS
algorithms can be degraded when factors affectiegirtperfect operation of the
ACAS equipment are considered (giving an ‘equipmisktratio’).

However, this equipment risk ratio is potentialtygroved when we also consider the
ability of ACAS to prompt contact between the pitotd controller (giving an ‘IMC
risk ratio’). Finally, further improvement in theski ratio can be expected due to the
ability of ACAS to prompt visual acquisition in visumeteorological conditions
(giving the full-system risk ratio).

Such a sequence of risk ratios is illustrated schieally in the following figure:

risk

ratio equipment

IMC

full-system

inclusion of factors

Figure 42: lllustration of the effect of various fectors on the risk ratio
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5.5.2.
5.5.2.1.

5.5.2.2.

5.5.2.3.

5.5.2.4.

5.5.2.5.

5.5.3.
5.5.3.1.

Additional logic risk ratios

Logic risk ratios that were more representative wem@puted considering not only
the two aircraft involved in the ASAS procedure {assection 5.4.6), but also the
possible near mid-air collision between the aircesifgaged in the ASAS procedure
and a third aircraft. Further, the effect of typipdot responses (in all three aircraft)
was compared to that of prompt pilot responses.

These additional ACAS logic risk ratios computed tfug ASAS close encounter set
are presented in the following table:

Pilot response scenario| Procedure- Aircraft- Progressional
(for ASAS pair and centred logic centred logic logic risk ratio
third aircraft) risk ratio risk ratio
Prompt pilot responses 2.5% 26.0% 9.7%
Typical pilot responses 10.1% 40.6% 24.8%

Table 20: Additional logic risk ratios for the ASASclose encounter set

In all cases, there was an increase in the logicratio compared to that previously
obtained when considering only the pair of airciaflved in the ASAS procedure
(e.g. the procedure-centred logic risk ratio insemafrom 0.7% to 2.5% by taking
into account the third aircraft).

Therefore, the ACAS logic proved to be less effexin reducing the risk when the
reference aircraft is on a close encounter courgh @ third aircraft than in
encounters involving the two aircraft participatitqgythe ASAS procedure. This is
because the third aircraft is potentially less ‘Modhaved” than the passive aircraft
of an ASAS procedure, which has been instructedadmtain course and heading.

Finally, in all cases, the logic risk ratio incredswhen considering typical pilot
responses compared to prompt pilot responses (@ grtitedure-centred logic risk
ratio increases from 2.5% to 10.1%his result highlights the importance of
pilots following their RAs and following them promptly if they wish to realise
the maximum protection afforded by ACAS. ASAS procedures are no different
from other ATM operations in this respect.

Procedure-centred risk ratios

Assuming all mandated aircraft are ACAS equipped. (neminal the nominal
scenario of section 5.3.2), the various risk-inficiag factors modelled in the IAPA
contingency tree were then introducing in stageshieee pilot response scenarios:

» All pilots respond conscientiously, i.e. they nevgmore the RAs and when
they follow the RAs (i.e. do not prefer to followerdroller advice or exercise
see-and-avoid), they follow them promptly;

» All pilots respond typically (i.e. a proportion pilots respond slowly or not at
all); or

» All pilots ignore their RAs, but possibly follow ntroller advice or exercise
see-and-avoid. This scenario would not occur ircfpra and was included so
that the effect of controller advice and visual w@sifion alone could be
determined.
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5.5.3.2.

5.5.3.3.

5.5.3.4.

5.5.3.5.

5.5.3.6.

The following table shows the sequence of rislosathus obtained:

O conscientious pilot responses
M typical pilot responses
B non-responding pilots

0,
40% 32,0%
30% 15,90 )
0,
20% 10,1% 10,3% 8,39
10% /1’70‘-\’ A’RO
O% = T T T
logic risk ratio equipment risk IMC risk ratio  full-system risk
ratio ratio

Figure 43: Procedure-centred risk ratios includingvarious factors

As shown, similar trends were observed whateverptloe response scenario with
regard to the equipment risk ratio, i2.small increase in the risk ratio when
taking into account the possibility that ACAS doeshot track the intruder when
compared to the ACAS logic risk ratio alone It should be noted that in the
equipment risk ratio no account is taken of thesjtmlity that ACAS alerts prompt
either contact with the controller or visual acifios.

When considering the effects of the controller imement and assuming the pilots
do not act on visual acquisition (i.e. the IMCkrigtios), contrasting trends were
observed for conscientious and typical pilot resesn

» Controller involvement is assumed, usually, to beeHisctive as a prompt
response to an RA, but sometimes is worse. Constyguehen pilots respond
conscientiously to RAs, controller involvement getlgrmakes no difference
but occasionally exacerbates the situation andotlegall effect of controller
involvement is to increase the risk ratio.

* When considering typical pilots, who notably inatud proportion (10%) of
non-responding pilots, last minute avoidance adfricen the controller can be
more beneficial than the pilot response (or nonaesp) to an RAs. This
effect was found to outweigh the competing effectween ACAS and
controller advice that exist when all pilots resgaronscientiously. So, with
typical pilot responses, the IMC risk ratio is lowthan the equipment risk
ratio.

In all casesa decrease in the risk ratio was observed when cadsring the full-
system risk ratios (including the effect of visualacquisition) compared to the
IMC risk ratios (e.g. with typical pilot responses to RAs, thd-fylstem procedure-
centred risk ratio in ASAS encounters is reduced.@%0). This reduction is more
marked than that observed in previous studies duéhéoenhanced situational
awareness afforded by ASAS and the higher ACASpamé level of other aircraft
when the reference aircraft is engaged in an AS&Squlure.

When considering pilots who do not respond to RAS rely rather on controller
advice and visual acquisition, the full-system niakio is 23.9% indicating that the
alerting aspects of ACAS alone could reduce th& o$ collision in ASAS
procedures by just over a factor of four.
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5.5.3.7. Nevertheless, this risk ratio is still more thandsvthe risk ratio that remains when
only the benefit of ACAS RAs is considered, i.e t0.3% equipment risk ratio with
typical pilot responsed& his demonstrates that the most important aspect ofhe
ability of ACAS to reduce the risk of collision inASAS procedures is the correct
and prompt response to RAs

5.5.4. Aircraft-centred and progressional full-system nigkos

5.5.4.1. The operational analysis of the ACAS / ASAS intdmac (cf. Chapter 4) indicated
that the rate of ACAS alerts in ASAS procedures nimy higher than that
experienced in general operations. There may, therefbe a temptation for
individual pilots to operate ACAS in a non-nominalmmar: ignoring RAS; operating
ACAS in TA-only mode; or even disabling ACAS altoget.

5.5.4.2. To assess the impact of doing so on the safety bemeivided by ACAS, the
‘progressional’ full-system risk ratio was determirfed various operational modes
of ACAS by the reference aircraft engaged in an 8%%ocedure. In all cases, it was
assumed that the pilots of other ACAS equipped airaperate ACAS and respond
to RAs in a typical manner.

5.5.4.3. The results are presented in the following tabbgether with the corresponding
‘aircraft-centred’ full-system risk ratios (theseeam constant fraction of the
‘progressional’ full-system risk ratio):

ACAS operating Pilot response Aircraft-centred Progressional full-
mode (of reference scenario (of full-system system
aircraft) reference aircraft) risk ratio risk ratio
Standby (effectively - 27.7% 100%
unequipped)
TA-only mode — 10.4% 37.5%
Full RA/TA mode Non-responding 13.2% 47.8%
pilot
Full RA/TA mode Typical pilot 4.6% 16.5%
response
Full RA/TA mode Conscientious pilat 3.1% 11.2%
response

Table 21: Progressional full-system risk ratios fovarious ACAS operating modes by
the reference aircraft

5.5.4.4. Obviously, the pilot engaged in an ASAS proceduil @erive no benefit from
operating ACAS in Standby mode (i.e. progressioisélnatio of 100%).

5.5.4.5. By operating ACAS in TA-only mode the pilot of theference aircraft will obtain
some benefit from the alerting aspects of ACAS. Coatpaaly, these benefits are
reduced if the pilot operates ACAS in full RA/TA oh& but ignores the RAs that are
generated.

5.5.4.6. With a typical response to RAs, the pilot engagedan ASAS procedure who
operates ACAS in full RA/TA mode can halve the rigkcollision to which he is
exposed compared to operating ACAS in TA-only mod& responding
conscientiously, the risk is further reduced tcslésan one third of the risk when
operating ACAS in TA-only mode.
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6.1.

6.1.1.

6.1.2.

6.1.3.

6.1.4.

6.1.5.

6.1.6.

6.1.7.

Main IAPA deliverables and study results

General

The IAPA study of the ACAS / ASAS interaction isst@nsisted of a comprehensive
work programme supported by a set of sophisticatechadst and tools, thus
providing a high-level of confidence in the stuégults.

Phase | of the IAPA project consisted of selechngASAS application of particular
interest for the project, i.e. an application wile potential for studying a maximum
of significant and realistic issues from an ACASesafand operational performance
perspective. This selection was supported by ainpirery analysis of the
ACAS / ASAS interaction issue (WP04) for a selectsd of Package | Airborne
Surveillance applications presenting the potenfiel an extension into airborne
separation applications (Package II).

Phase Il consisted of an in-depth investigatiorihef operational and safety issues
potentially raised by the introduction of ASAS ihet European airspace. This
investigation was focused on the ASAS applicatielected during Phase |, i.e. the
ASAS lateral crossing procedure.

The operational analysis of the potential ACAS /ASS interaction issues was
focused the two aircraft involved in the ASAS prdaee. It was supported by a full
set of simulations using different sources of datduiding:

» an ASAS encounter model (WPO06);

« modified European radar data (WPQ7);

* CFMU flight plan simulation data (WP08); and

» data extracted from real-time simulation data (WP09).

Different sources of data were used to compensatearig individual limitations
related to any one of them and to ensure that lavaat issues were identified. The
use of the common simulation framework set-up duRhgse | allowed the cross-
validation of ACAS / ASAS interaction trends iddi@d using each source of data,
as well as the investigation of specific featurepahding on the source of data.

The safety analysis of the potential ACAS / ASA&iaction (WP10) investigated
and assessed the impact of ASAS operations on tiety Senefit provided by
ACAS. This analysis considered not only the twaraift involved in the ASAS
procedures, but also the possible presence ofcdhcraft. It was supported by a set
of methods and tools developed in previous studiesAGAS safety and
supplemented by other ATM safety assessment methgidslo

The remainder of this chapter presents a summatheafin outcomes of the IAPA

project, including the methodological framework tsapported the ACAS / ASAS

interaction study, the main simulation results dr@gotential operational and safety
issues identified.
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6.2.

6.2.1.
6.2.1.1.

6.2.1.2.

6.2.1.3.

6.2.1.4.

6.2.2.
6.2.2.1.

6.2.2.2.

6.2.2.3.

IAPA methodology and tools

General

The overall methodology set-up to investigate the ACASASAS interaction
issue is considered a major output of the IAPA pragct.

This methodology is characterised by the performarfca comprehensive set of
simulations supported by a common framework. This fraonke was tailored to the
ASAS application selected for further investigatiatthin IAPA, i.e. the ASAS
lateral crossing procedure, but could be adaptedntestigate the interaction
between ACAS and other types of aircraft operations

The complete work programme carried out within IAPAd és supporting methods
and tools, can thus be applied to the investigatibthe ACAS interaction issue in
the context of future ATM operations, including ettASAS applications but is not
restricted to only this scope.

Among the various tools developed in support of LARA study, the ATM
encounter model is a major deliverablewhose usefulness extends beyond just
the ACAS / ASAS interaction study made within the poject.

Framework for the operational analysis of the AQASSAS interaction

The preliminary investigation of the ACAS /ASAStaraction issue (WP04)
performed during Phase | was supported by a casady-analysis of relevant
encounters featuring possible ASAS operations.

The analysis of the encounter characteristics \likel trigger an ACAS alert has
proven useful in identifying the ASAS procedureghwihe potential for ACAS
interaction. The same approach can also be apgi¢idetpreliminary investigation
of the ACAS interaction issue in the context ofufet ATM operations likely to
modify traffic patterns.

The comprehensive operational analysis of the ACASAS interaction issue was
supported by a complete framework established duhagdnitial phase of the IAPA
project. Thus,

» the selected ASAS applicatione. ASPA-C&P, lateral crossing with “pass
behind” and “pass in-front” procedures) and itsrafienal environment have
been defined (WPO01);

» a simulation frameworkas been proposed involving three different s¢esar
with full ASAS /ADS-B equipage and a set of ACAB3AS interaction
indicators (WP02);

» a simplified model of the selected ASAS applicatltas been developed to
simulate the nominal effects of the ASAS lateral siwg procedures on
aircraft trajectories (WP03); and

* an ATM encounter moddias been specified, and then implemented and tuned

using European radar data during Phase Il. Furtlitersupported the
development of an ASAS encounter mo@&PO05).
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6.2.2.4.

6.2.2.5.

6.2.2.6.

6.2.3.
6.2.3.1.

6.2.3.2.

6.2.3.3.

6.2.3.4.

6.2.3.5.

This framework successfully supported the full setof simulations conducted
within Phase II. Further, specific methodologies, and associatesi afetools, were
developed in support of the various data-orientediss (cf. WP6, WP07, WP08 and
WP09 work areas).

The use of modified European radar data has proveparticularly useful for an

initial comparative assessment of the interaction foACAS with current and

future ATM operations. This was possible due to the clear definition tloé
conditions of use of the ASAS procedures and thepkdied modelling of their
effects.

Finally, the development of an ATM encounter model featuringthe current
aircraft operations is of particular interest for the investigation of other
envisaged evolutionsin the provision of separation and their compatipiWvith
ACAS.

Framework for the safety analysis of the ACAS / ASidteraction

The safety analysis of the potential ACAS / ASA$eiaction (WP10) performed
during Phase Il took advantage of a set of metlaodstools previously developed in
support of ACAS safety studies [ACAla][ACA1b][ASARRvhich were adapted for
the IAPA purposes. Furthermore, it was supplemebtethe use of the EUROCAE
Operational Safety Assessment methodology [ED78d] the EUROCONTROL
Safety Assessment Methodology [SAM].

Operational Hazard Analysis was performed to idertnd assess the ways in which
the use of ASAS and ACAS could result in a safegué, and particularly a near
mid-air collision. The output of the OHA was usedadapt a contingency tree,
previously developed in the ACASA project, to tlemtext of the IAPA study and to

ensure the completeness of the set of events tbansidered.

This contingency tree combines ACAS logic risks @hconsist of the probabilities

of a near mid-air collision being caused by the Rfenerated by the ACAS

algorithms alone) with the probabilities of othetezral events (such as controller
involvement and visual acquisition) and providesulrdystem risk evaluation. By

varying some of the scenario parameters of the AGiAfilations, many full-system

risk estimates can be determined for distinct assemptrelated to the ACAS

equipage and operation by the flight crew.

To allow for the computation of ACAS logic risksam ASAS environment, and the
comparison with the logic risks in the airspace ptiothe introduction of ASAS, a
ACAS/ASAS-applicable safety encounter model (relatedhe close encounters in
which the ASAS procedure would be applicable) andA@AS/ASAS safety
encounter model (related to the close encountersrioeg during ASAS procedures)
have been produced.

Taken as a whole, these methods and tools , haveopen useful in identifying
the safety issues potentially raised by the ACASASAS interaction, and
assessing the safety benefits that can be expecfedm ACAS during specific
ASAS operations The same approach can also be applied to the A&#&ty
analysis of future ATM operations, which would mgdéither the characteristics of
close encounters or any other external factorsuémiting the safety efficacy of
ACAS.
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6.3.

6.3.1.
6.3.1.1.

6.3.1.2.

6.3.1.3.

6.3.1.4.

ACAS / ASAS interaction during nominal operations

Main results for a set of Package | AS applications

During IAPA Phase |, the preparatory analysis o thotential ACAS / ASAS
interaction issue (WP04) concluded that interaction with ACAS is anticipated
for the following ASAS applications

» The in-trail phases of the ASPA-S&M: “Enhanced semireg and merging”
operationswhatever the altitude layer, assuming the Wake exoseparation
minima are preserved; and

» The lateral passing situations resulting from ASP&PC“Enhanced crossing
and passing” operationshatever the altitude layer, since the laterakismpn
values required to trigger an ACAS alert duringnsloconvergence situations
are of the order of the ACAS minimum protection distanparameter
(DMOD), e.g. 1.3NM for a TA above FL200. It is ugdly that such lateral
spacing values would be operationally acceptable.

Some interaction with ACAS potentially existsfor the ASPA-S&M: “Enhanced
sequencing and merging” operationsbut only during merging situations close
to the limit of what could be considered operationly acceptable In particular,
some merging encounters with required spacing atlilke close to the radar
separation minimum in TMA (i.e. 3 NM) may trigger a THowever, such spacing
values between aircraft in sequence are unlikelpdour during typical merging
situations.

Finally, the results of the preparatory analysievedd thatsome interaction with
ACAS potentially exists for the ASPA-C&P: ‘Enhanced crossing and passing
operations’ during nominal operations. In particular, the fallog encounter
situations were identified as likely to trigger TAs

» Lateral crossing encounters with high closure ratel small horizontal
separation between the aircraft at CRA. typically encounters with angles of
convergence greater than 90 degrees and a Horizdigs Distance close to
the applicable radar separation minima, i.e. 3 NMMA and 5 NM in en-
route ECAC airspace; and

» Level-off encounters at the applicable verticalasafion minimai.e. 1,000 ft
below FL415 in the ECAC airspace, with verticalesabperationally realistic
for almost all aircraft types. In addition, 2,0@0lével-off encounters may
trigger TAs in the altitude layer FL100-FL410 inseaof significant, but
realistic, relative altitude rates.

The 1,000 ft level-off encounters may even triggardesirable’ RAs below FL415

in case of significant, but realistic, verticalest It should be noted that the ACAS
interaction issue raised by such encounters alregidys for current ATM operations

[EMO7]. Therefore, it is not solely linked to tharioduction of ASAS operations.
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6.3.2.3.

6.3.2.4.

6.3.2.5.

With regard to the lateral crossing encounters,sitexific case study performed on
the ASAS Lateral Crossing application allowed thenitification of the crossing
situations that are more likely to trigger a TCASalert. The main influencing
factors identified include the angle of convergeribe aircraft speed and the type of
ASAS manoeuvre (i.e. “pass in-front” or “pass beKind

The higher the resulting closing speed betweeraitveaft, the higher the likelihood
of a TA. In particular, by increasing the initiate of convergence, the “pass behind”
manoeuvres are more likely to trigger TAs than thas¥in-front” manoeuvres.
However, this does not mean the latter are safertti@former.

At the end of IAPA Phase |, the ASAS lateral crogsprocedure was clearly
identified as a demanding application in terms ofsfide interaction with ACAS.
Therefore, the application was selected for furtiiestigation within the IAPA
project.

Complementary results for the selected ASAS apipdica

The ACAS simulations performed during IAPA Phasefl the ASAS Lateral
Crossing application confirmed thmotential interaction that may exist between
ACAS and ASAS with the demanding assumptions takemwithin IAPA (e.g. a
minimum horizontal separation value of 4 NM during ASAateral crossing
procedures).

An investigation of ASAS operations, with distinessumptions, was performed
through the study based on real-time simulation (\at209), which dealt with both
“ASPA-Crossing & Passing” and “ASPA-Sequencing & Megj procedures with
ASAS spacing values close to current ATC practiddse analysis of the available
real-time simulation data did not reveal any ACA&iattion issue.

On the other hand, the various data-oriented stutig dealt with the ASAS lateral
crossing procedures using the framework developedhi® IAPA study purposes
(i.e. the WP06, WPO7 and WPO08 studies) highligtaezkt of potential operational
issues, which are discussed hereafter.

Potential impact of ACAS on ASAS performance

The possible issuance of “undesirable” ACAS aldrteng the execution of ASAS
lateral crossing procedures (with a minimum sepanatalue of 4 NM) is likelyto
affect the performance of the ASAS procedures, antherefore, their expected
benefits

Although all three IAPA studies provided differexdtimates of the ratio of ASAS
procedures triggering at least one TA, a similandrevas observed whatever the
source of data used in the simulations. The likelihof TAs is estimated between
13% and 18% of the ASAS procedures, regardlesshethver or not a manoeuvre is
required to ensure the ASAS separation. It increasen between 42% and 67%
when considering ASAS encounters with a “pass Bhior “pass in-front”
manoeuvre.
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6.3.2.6. With regard to the likelihood of RAs, all three dites provided comparable results,
i.e. on average just under 1% of the ASAS procesitniggering at least one RA,
whatever the scenario. Nevertheless, this proposaries noticeably depending on
the precise form of the ASAS encounters, and pdatilyu whether or not a
manoeuvre is required to ensure ASAS separation.

6.3.2.7.In line with the initial results of the IAPA caséudy (WP04), all three studies
observed a slightly increased likelihood of TCASalerts for the “pass behind”
manoeuvres compared to the “pass in-front” ones.

Potential impact of the ACAS / ASAS interaction dlopacceptance

6.3.2.8. The frequent, but non-systematic, issuance of Traffic Avisories by the ACAS
logic against the other aircraft involved in an ASAateral crossing proceduig
likely to be considered as disruptive from the piloperspective, and therefore, a
major ACAS / ASAS interaction issue Further, this is likely to affect pilots’
confidence in the ASAS procedure and system.

6.3.2.9. The mean likelihood of undesirable TAs during ASA®m@tions has been estimated
as up to one per ten flight hours, regardless of etmer TAs that may occur
independently of the ASAS lateral crossing procedufhis result is highly
dependent on the frequency of the ASAS proceduingghwhas itself been estimated
to be between one to five times per ten flight hanrthe study based on modified
radar data (WPO7).

6.3.2.10lt should be noted that, in all three IAPA studitse likelihood of TAs during the
ASAS lateral crossing procedure appears to be gyredthigh altitudes, i.e. within
sensitivity level 7 of the TCAS Il logic versionO7.Furthermore, a non-negligible
proportion of repetitive TAs has been observed,indetween 1% to 3%, depending
on the source of data.

Potential incompatibility between ACAS and ASAS giiems

6.3.2.11The possible occurrence oflisruptive and undesirable Resolution Advisories by
the ACAS logic during nominal ASAS operationsis a major ACAS / ASAS
interaction issue Such alerts might indeed be viewed as a lackoofipatibility
between the separation function provided by ASA8 #re collision avoidance
function provided to ACAS. Further, this is likelyo affect the operational
applicability of the ASAS procedures.

6.3.2.12Assuming a nominal performance of the ACAS surveikkaribe mean likelihood of
undesirable RAs during nominal ASAS operations heenbestimated up to one per
sector every 6 days, regardless of any other Ratsntfay occur independently of the
ASAS lateral crossing procedure. Once again, #sslt is highly dependent on the
frequency of the ASAS procedure, which has beeamastd to be at least one ASAS
lateral crossing procedure every two hours perseahd possibly up to three times
per hour and per sector, for the European core area

6.3.2.13The various simulation results show that the isseiaithe RAs is quite sensitive to
the quality of the aircraft trajectories used ie gimulations. A specific analysis of
the TCAS Il logic version 7.0 conducted in the stbéised on flight plan simulation
data (WPO08) highlighted the effects of simulategettary variations on the ability
of the ‘Miss Distance Filter’ of the TCAS Il logto effectively prevent the issuance
of undesirable RAs.
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6.3.2.14ACAS / ASAS compatibility is likely to depend on timeinimum separation value
applicable during the ASAS operations. In this eegpthe demanding value of
4 NM appeared to cause compatibility issues when egpared with current
separation margins applied by ATC

6.3.2.15The sensitivity analysis (conducted in the WPO08dgtbased on flight plan
simulation data) indicated that a minimum separat@nes of 7 NM was necessary
to prevent TAs from being triggered when an ASA®rktcrossing manoeuvre was
required. Further, a minimum separation value of 5\WM\4 necessary to prevent the
issuance of any RAs.

6.3.3. Comparison between ASAS and ATM operations underminal
circumstances

6.3.3.1. IAPA Phase Il was also the opportunity to make agarative analysis of the
interaction with ACAS between current ATM operasoand future operations
following the possible introduction of ASAS applicans. Because of the forward
looking nature of the IAPA study, this comparisonswimited to the ASAS
application selected for further investigation,. ithe ASAS lateral crossing
procedure.

6.3.3.2. Despite this limitation, it is worthwhile to mentidhat complementary results have
been obtained through two IAPA studies, i.e. thielstbased on the ASAS encounter
model (WPO06) and the study based on modified radar(@&P07).

6.3.3.3. Current ATC practices with the typical separation margins applied by ATC
appears to be much more compatible with ACAS than he ASAS lateral
crossing procedures with the demanding separation minimum of 4 NM
investigated within the IAPA study, except for th€00 ft level-off encounters.

6.3.3.4. Depending on the source of data used for the ASASlations, the ratio of ASAS
encounters triggering an RA compared to the origgmabunters with ATC increases
by a factor of four with the ASAS encounter modedl &y a factor of forty with the
modified radar data.

6.3.3.5. It was thus not possible to draw precise conclisionthe extent to which the
introduction of ASAS lateral crossing proceduresuldoincrease the issuance of
undesirable ACAS alerts during ASAS operationsesinoth IAPA studies provided
distinct alert rates. However, both studies prodidesimilar trend with regard to the
prevalence of RAs between ASAS and ATM encounters.

6.3.4. Possible impact on ASAS application or ACAS system

6.3.4.1. The various IAPA studies that dealt with the opersl aspects of the
ACAS / ASAS interaction have shown that ACAS needs be taken into
consideration when developing ASAS applicationgthiar, the various simulations
performed highlighted some specific features thatcdirparticular importance and
need specific attention.

6.3.4.2. It has thus been demonstrated tA&AS may result in additional implications for
the development of ASASprocedures and system. In particular, care shoald b
taken to ensure that the separation minima appécdbfing ASAS procedures and
the ACAS logic parameters are compatible.
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6.3.4.7.

6.4.
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6.4.2.
6.4.2.1.

In this respect, taking into account the specifiope of the various data-oriented
studies of IAPA Phase Il (which were focused on dafiveg ASAS lateral crossing
procedures), care should be taken not to conchatethe ACAS / ASAS interaction
would preclude the applicability of any ASAS proaesk.

In the perspective of a wide-spread operational aS&ASAS procedures with
reduced separation values when compared to curré@t practicesthe existing
ACAS system may have to evolve to ensure compatibyl with nominal, but
demanding, ASAS operations

In particular, the initial role of the Traffic Adsry (as the precursor to a Resolution
Advisory), which is no more true in current ATM a@pBons, may be further
questioned by demanding ASAS operations. Indeednwhiggered by the other
aircraft involved in the ASAS procedure, the atggtrole of the TA is likely to be
affected by the fact that the pilot is already aavaf this traffic and does not require
any alert under normal circumstances.

To increase the compatibility between ACAS and sw#manding ASAS
applications, the ACAS logic for TAs, which doeg oarrently include any filtering
feature that would prevent the issuance of undalsirBAs in case of predicted large
horizontal miss distances, may have to be revisgedlow for such filtering.

In this respect, the effectiveness of the TCAMIss Distance Filtering’ feature that
exists for RAs has proven to be of particular imgoce to prevent the issuance of
undesirable RAs during nominal ASAS operations.

ACAS / ASAS interaction during non-nominal operations

General

The safety analysis conducted during Phase Il (WPdé&formed an initial
evaluation of the level of safety that can be etgukdrom the operation of ACAS
when aircraft are engaged in ASAS procedures. Tevisl of safety was assessed
both qualitatively in terms of consequences and rigveof hazards, and
guantitatively in terms of the reduced risks of isth.

Because of the forward looking nature of the IARdy, this evaluation was limited
to the ASAS application selected for further inigstion, i.e. the ASAS lateral
crossing procedure.

Operational hazards and IAPA contingency tree

Two separate Operational Hazard Analyses were fiostducted on the ASAS
procedure and the ACAS procedure respectively, ivhiere used as the basis for an
analysis of the impact of the ASAS OHA on the ACABAD This analysis revealed
that the interaction with ACAS is different depending onwhether or not the
ACAS intruder is the other aircraft involved in the ASAS procedure or a third
aircraft .

EUROCONTROL Mode S & ACAS Programme — DSNA, EEQ&IQ & Sofréavia — IAPA Project Page 116/136



IAPA Project Final Report — Synthesis and guidedine 28-10-2005
IAPA/WP11/114/D Version 1.2

6.4.2.2.

6.4.2.3.

6.4.2.4.

6.4.3.
6.4.3.1.

6.4.3.2.

6.4.3.3.

6.4.4.
6.4.4.1.

6.4.4.2.

Furthermore, the analysis highlighted that tkehanced Airborne Traffic
Situational Awareness of the flight crew that can b expected in an ASAS
environment can be a safety-contributing factor that either mitigates the
consequences or reduces the likelihood of some tipeah hazards related to the
ACAS procedure.

The main findings of the ACAS / ASAS interaction OHWAve been used to support
the development of the IAPA contingency tree (whigrives from the former
ACASA event tree). Confirmation was made that adl itentified hazards that may
affect the safety benefits provided by ACAS durih8AS operations (within the
assumptions of the study) had been taken into at@otine contingency tree.

The two possibilities of the reference aircraftrigeon a close encounter course with
the other aircraft in the ASAS procedure, or beinga close encounter course with a
third aircraft, were handled by a high-level smit the contingency tree into an
‘ASAS intruder branch’ and a ‘third aircraft branicMany, of the events on one
branch were qualitatively duplicated on the othranbh, but were assigned different
probabilities that reflect the two contexts.

Safety encounter models and underlying NMAC rates

A crucial factor in evaluating the risk reductioropided by the operation of ACAS
is the underlying NMAC rate of the considered axsp The ACAS/ASAS-
applicable safety encounter model and the ACAS/ASAgty encounter model
were thus used to determine the underlying NMAC @tefore and after the
introduction of ASAS in the airspace) in those amgers in which the ASAS lateral
crossing procedure would be applicable.

For the ASAS-applicable close encounter set (whaerdled by conventional ATC),
an NMAC rate of 1.5810" per flight hour was estimated. For the ASAS close
encounter set (when applying the ASAS lateral éngsprocedure in the same
encounters), an NMAC rate of 1,88 per flight hour was estimated.

Rather than indicating that there will be a risehie underlying NMAC rate when
ASAS procedures are introduced, these values shiostielad be viewed as evidence
that care will be needed to ensure that the introductiorof ASAS procedures
does not lead to an unacceptable rise in the undgihg risk of collision.

Risk ratio calculations

The ACAS logic risk ratios calculated using botk thCAS/ASAS-applicable safety
encounter model and the ACAS/ASAS safety encountedemeevealed that the
safety performance of ACAS is similar in both enmireents.The introduction of
ASAS procedures into the airspace does not preseany particular problems
for the ACAS logic, which will continue to act as a effective safety net

The ACAS full-system risk ratios calculated usihg ACAS/ASAS safety encounter
model revealed that the deployment of ACAS in ASA&pdures could typically be
expected to reduce the risk of collision to 4.6%hef risk in the absence of ACAS.
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The alerting aspects of ACAS (the prompting of contaith the controller and/or
visual acquisition of the threat) are contributdagtors in achieving this overall
reduction, but the most important factor is the netsoh advice (i.e. RAs) generated
by the ACAS logic.

By operating ACAS and responding to RAs in the sagpécal manner as other
pilots, the pilot engaged in an ASAS procedure &duce the risk of collision to
which he is exposed to 16.5% of the value apple#ite were not ACAS equipped.

By improving his own response to RAs (whilst thepasse of other pilots remains
typical), the risk of collision to which pilot enged in an ASAS procedure is
exposed can be further reduced to 11.2% of theevapplicable if he were not
ACAS equipped.

By not responding to RAs, a pilot seriously compregsithe safety benefit that can
be afforded by ACAS equipage. Operating ACAS in RAde, but ignoring the RA
it generates, a pilot would expose himself (and uhevitting pilot of the other
aircraft) to a risk of collision that is over fotimes greater than it can be if pilot
typically respond to the RAs.

If, for some reason, an aircraft is unable to compgth RAs it is preferable that the
system be placed in TA-only mode. In this circumstattee risk of collision is
reduced, compared to the case of ignoring RAs,UscACAS in equipped threats is
free to choose the most effective RA.

Nevertheless, ACAS should not be routinely operatedTA-only mode. By
operating ACAS in RA mode and following the RAs tha¢ generated, the risk of
collision to a pilot engaged in an ASAS procedwréess than half the risk to which
he would be exposed if he operates ACAS in TA-onbde.
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Conclusions and recommendations

Main achievements

General

The IAPA project is a substantial European contidsuto the understanding of the
potential interaction between ACAS and ASAS proceduSuch a contribution was
required given the envisaged evolution of the EaampATM system with a greater
involvement of the flight crews in separation prawis which may impact the
forecasted performance of both ACAS and the new Apbtem itself.

The IAPA study of the ACAS / ASAS interaction isduees demonstrated that:

 ACAS remains effective as the last resort safety arat the demonstrated
safety benefits underline the need to operate AG&81g ASAS operations;

» The ACAS constraints must be taken into account wiheveloping ASAS
procedures envisaged for implementation; and

» The existing ACAS system may need to evolve to imprcompatibility with
ASAS applications envisaged for implementation.

All conclusions drawn from the IAPA study result®shl be considered taking due
account of the various study assumptions and liroitati These assumptions may be
challenged by a specific implementation of ASAS. df there will be a need to
further assess the interaction between ACAS and A$Zking into account the
specific environment in which ASAS would be envisdgo be operated.

Taking into account the experience gained through KAPA project, there is
evidence that a comprehensive and robust methodelo@iamework will be

required to support such future investigation & BCAS / ASAS interaction issue.
In this respect, the complete work programme carriatl within IAPA is a

substantial body of work on which further work skblild on.

ACAS safety net during ASAS operations

The safety analysis conducted within IAPA Phasdelinonstrated that, if nominally
operated, ACAS would continue to provide positiafety benefits during ASAS
operations.

It confirms that operating ACAS in RA mode, but igingrthe RAs that it generates,
is more dangerous than operating ACAS in TA-only mddewever, operating
ACAS in TA-only mode during ASAS procedures entailsisk of collision that is
more than twice what it would be if pilots engagadASAS procedures operate
ACAS in accordance with standard operating proaedur

The standard operational procedure should be th&SAS procedures, as at all
other times, ACAS should be operated in RA mode taedRAs that are generated
should be followed, and followed promptly for besnbfits.
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Effect of ACAS on ASAS application development

The preliminary analysis made during IAPA Phase | Hemonstrated that the
interaction with ACAS depends strongly on the natof the ASAS application and
its main assumptions with regard to the type of sdjmn applied, i.e. lateral,
longitudinal or vertical separation with applicaBkparation minima.

It also allowed the identification of possible ACA8SAS interaction issues that
may affect a set of Package | Airborne Surveillaapplications during nominal
operations. In particular, some interaction with A&Zpotentially exists for:

» the ASPA-C&P: ‘Enhanced Crossing and Passing opasiti for lateral
crossing situations in case of demanding applicsdgparation minima; and

+ the ASPA-S&M: “Enhanced Sequencing and Merging dp@ra” during the
merging phases, but only during marginal situations.

The in-depth investigation of the ACAS / ASAS iratetion issue performed during
IAPA Phase Il on the ASAS Lateral Crossing applaatonfirmed the initial results
achieved during Phase I. Furthermore, it demorestrtite influence of the separation
minimum applicable during ASAS operations on theratdon with ACAS.

Possible effect of ASAS applications on ACAS

With regard to the ACAS / ASAS compatibility, therias simulations performed
during IAPA Phase Il have shown to what extent maleding ASAS application can
trigger undesirable ACAS alerts.

This is particularly the case for the possible asme of frequent, but non-systematic,
TAs against the other aircraft involved in the ASp®cedure. To avoid affecting
the performance of demanding ASAS procedures, anckftire, their expected
benefits, it may hence be required to revisit theresu TCAS Il algorithms
governing the generation of for TAs.

Further, it will be critical to ensure that the uable role of the ‘Miss Distance
Filter’ of the TCAS Il logic version 7.0 (in preving the issuance of undesirable
RAs) is effective.

Strength and relevance of the IAPA methodology

The IAPA methodology has proven successful in assgsthe ACAS /ASAS
interaction issue and would equally benefit to doyure investigation of the
interaction between ACAS and ATM changes in thevigion of separation.

The performance of various simulations based oremifft sources of data is key to
identify a comprehensive set of issues, while corsgting for any limitation related
to each source of data. Further, the use of a consimonlation framework allows
the cross-validation of the interaction trends tdiesd with each source of data and
ensures a high-level of confidence in the results.

EUROCONTROL Mode S & ACAS Programme — DSNA, EEQ&IQ & Sofréavia — IAPA Project Page 120/136



IAPA Project Final Report — Synthesis and guidedine 28-10-2005
IAPA/WP11/114/D Version 1.2

7.1.5.3.

7.1.5.4.

7.2.
7.2.1.
7.2.1.1.

7.2.1.2.

7.2.1.3.

7.2.2.
7.2.2.1.

7.2.2.2.

7.2.2.3.

7.2.2.4.

7.2.2.5.

The use of European radar data is key to operati@h@vance. It is particularly
valuable in obtaining a precise understanding & ¢trrent ATC practices and
allows a comparative analysis between current amdird ATM operations.
Furthermore, the ATM encounter model developed witthPA (based on real
encounters extracted from radar data) is a powes@lifor evaluating ATM changes
and their interaction with ACAS.

Finally, the sophisticated methods and tools thppstted the safety analysis of the
ACAS / ASAS interaction allows identifying poteritgafety issues and assessing the
ACAS safety benefits during ATM operations.

Recommendations

General

ACAS must be operated during ASAS procedures asnin ATM operations.
Furthermore, the possible impact on the safety litsr@vided by ACAS should be
carefully assessed prior to any particular ASAS anntation.

The ACAS constraints must be taken into account whlereloping ASAS
applications so as to achieve an appropriate ACASAS compatibility. In this
regard, particular attention should be paid to dieéermination of the separation
minima applicable during ASAS operations.

When implementing ASAS operations, appropriate amisition should be given to
ACAS developments that would improve the compatibiitjth ASAS while
preserving the independence of ACAS.

Future work

The role of Traffic Advisories issued by the exigiACAS system in the context of
ASAS operations should be reviewed so as to ereppeopriate pilot acceptance of
future ASAS operations.

The feasibility and benefit of a ‘Miss Distanceté&ilng’ feature for TAs should be
investigated when envisaging the implementationevhanding ASAS applications,
i.e. applications with the potential for a signéfit interaction with ACAS from an
operational performance perspective.

Any future investigation of ACAS / ASAS interactiggsues should be supported by
a comprehensive and robust methodological framewack as the one established
during the IAPA project.

European radar data should be used in supportyofuinre comparative analysis of
the interaction with ACAS between current ATM opfiras and envisaged ASAS
operations.

The demonstrated utility of the IAPA ATM encounteoael for the modelling and
the evaluation of future ATM operations, and particly ASAS operations, should
be noted.
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00 017 Notes on the Progress Meeting #3 1.0 05305tWVorking
Document
01 018 Traceability matrix for comments on WP012 arig1.0 23-05-03 | Working
for 3 progress meeting Document
05 019 Issues associated with development of AO0.2 19-06-03 | Working
encounter model specification Document
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WP | Number | Title Version | Date Nature
03 020 Simplified model definition 2.2 13-09-04 Wing
Document
00 021 Notes on the Phone Conference #3 1.0 1806 Working
Document
04 022 Overview of the case study content 1.0 2036 | Working
Document
05 023 Further issues associated with development of /0.2 23-06-03 | Working
encounter model specification Document
01 024 IAPA operational environment definition 1.2 |15-10-03 | Deliverable
02 025 IAPA simulation framework definition 1.1 P9-03 | Deliverable
00 026 Notes on the Progress Meeting #4 1.0 0130718Vorking
Document
03 027 Simplified model of the application behaviou |1.5 10-12-04 | Deliverable
04 028 Detailed case study 1.1 17-09-03 Working
Document
04 029 IAPA Case study report 1.1 10-10-03 Delilsbra
05 030 ATM encounter model —description an/1.10 06-01-05 | Deliverable
specification
05 031 ATM encounter model specification 0.1 16080- | Deliverable
00 032 IAPA Project Interim Report — Phase | 1.0 -10503 | Deliverable
05 033 Traffic Mix and Vertical Speeds in Encouster |1.0 29-08-03 | Working
Document
00 034 Notes on the Phone Conference #4 1.0 0309-Working
Document
00 035 ACAS / ASAS interaction — 1APProject (ASAS2.0 06-10-03 | Working
TN slides) Document
09 036 Description of EACAC 2000 Regimel0.0 22-09-03 | Working
Experiment Lateral Crossing Encounters Document
08 037 Preparation of fast-time simulations 1.0 09203 | Working
Document
03 038 Simplified model validation 2.0 15-10-08 \Wwag
Document
00 039 Notes on the Progress Meeting #5 1.0 01310t8vorking
Document
00 040 Notes on the Phone Conference #5 1.0 2B10Working
Document
Phase I
10 041 Note on the development of the IAPA OHA 1.0 |20-11-03 | Working
Document
09 042 Description of CoSpace Nov 2002 REeate 0.0 18-11-03 | Working
Experiment Sequencing Encounters Document
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08 043 Initial results of preliminary fastne simulation{1.0 20-11-03 | Working
with CFMU data Document
07 044 Report on data recordings 2.1 16-01-04  Wigrki
Document
05 045 Outline methodology for WP05.2 (Analysis t{1.3 16-04-04 | Working
adaptation and radar data analysis) Document
00 046 EEC Newsletter IAPA 1.0 01-04-04 Working
Document
10 047 Extracts from selected SAM/OHA/FHA material0.1 27-11-03 | Working
Document
00 048 Notes on the Progress Meeting #6 1.0 0531218Vorking
Document
10 049 Additional notes on the development of the 1A0.0 15-12-03 | Working
OHA Document
10 050 IAPA preliminary OHA focuske on the ACAJl.1 16-07-04 | Working
procedure Document
00 051 Notes on the Phone Conference #6 1.0 16401M/orking
Document
07 052 Discussion about the encounter captureierite |1.1 27-01-04 | Working
Document
08 053 Results of the optimization of thessing detectig1.0 26-01-04 | Working
methodology Document
07 054 Overlap area between French and European |2.0 18-03-04 | Working
data Document
09 055 Description of CoSpace 2003 R€mhe0.0 23-01-04 | Working
Experiment Document
00 056 Notes on the Progress Meeting n°7 1.0 08402 Working
Document
09 057 Summary of redime simulation investigations /1.0 27-02-04 | Deliverable
the IAPA project
00 058 Notes on the Phone Conference n°7 1.0 02403-Working
Document
07 059 Further discussion aliothe encounter captyl.l 02-04-04 | Working
criteria Document
00 060 IAPA Project — Proposed IP for SCRSP/1 1.0 | 1-08-04 | Working
Document
07 061 Initial radar data processing 1.0 18-03-04 orkivig
Document
07 062 Influence of track deviation tolerancen dhgl1.0 18-03-04 | Working
simplified model applicability Document
10 063 IAPA preliminary OHA focused on the ASA1.2 07-07-04 | Working
procedure Document
08 064 Initial results of ACAS simulations on encoun{1.1 25-05-04 | Working
modified by the simplified model Document
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10 065 Discussion and plans for WP10.Bvént treq1.0 02-04-04 | Working
development) Document
10 066 The ACASA contingency tree 1.0 14-03-04 Viragk
Document
09 067 Range TAU analysis of S&M rdahe simulation1.0 25-05-04 | Working
encounters Document
00 068 Notes on the Progress Meeting n°8 1.0 30403t Working
Document
10 069 Impact of ASAS on IAPA preliminary OH|1.1 19-07-04 | Working
focused on ACAS Document
10 070 Detailed plans for WP10.2Cdntingency tre/1.0 26-04-04 | Working
development) Document
05 071 Approach to development of ATM & ASA1.1 22-04-04 | Working
encounter models Document
09 072 Final report of redlme simulation investigation1.0 05-07-04 | Deliverable
for the IAPA project
07 073 Set of ATM encounterstexcted from French rad1.0 26-05-04 | Working
data Document
08 074 Analysis of the RAs occurring in encounil.1l 17-06-04 | Working
extracted from fast-time simulations Document
00 075 QinetiQ progress report for phone conference 1.0 27-05-04 | Working
(28th May 2004) Document
00 076 Notes on the Phone Conference n°8 1.0 03406-Working
Document
07 077 Set of ATM encounters extracted from Maastr1.0 07-06-04 | Working
radar data Document
07 078 Plans for the modification of encountersastedl.3 29-10-04 | Working
from radar data Document
05 079 Identifying inappropriate aircraft 1.2 0104 |Working
Document
10 080 Assumptions in IAPA contingency tree 1.0 08104 | Working
Document
10 081 Review of ACAS and ASAS OHAs in the cont1.1 18-03-05 | Working
of the contingency tree Document
00 082 Notes on the Progress Meeting n°9 1.0 30406t Working
Document
10 083 Human Factors events in IAPA contingency tre| 1.1 22-10-04 | Working
Document
10 084 Development of the IAPA contingency tree 1.1 |03-11-04 | Working
Document
00 085 Notes on the Phone Conference n°9 1.0 31408-Working
Document
07 086 Identification and modification of radar encoun|2.1 15-11-04 | Working
of interest Document
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08 087 Results of ACAS simulations on encoun|1.0 27-09-04 | Working
modified by the simplified model Document
10 088 Plans for IAPA WP10.3 Safety analysis based |1.1 14-03-05 | Working
OSA methodology: ACAS safety model refinement Document
10 089 Proposed method for assessing Human Fgl.2 25-11-04 | Working
events probabilities Document
00 090 Notes on the Progress Meeting n°10 1.0 08410| Working
Document
05 091 Removal of tactical ATC intervention in model/1.3 22-12-04 | Working
encounters Document
07 092 Coordinated approach for the ATC interen®.3 29-11-04 | Working
processing Document
05 093 Analysis of turns by the back-end software 11 02-11-04 | Working
Document
00 094 Notes on the Phone Conference n°10 1.0 a%411 Working
Document
10 095 Contingency tree event “visual information|1.0 04-11-04 | Working
wrong” Document
07 096 Results of ASAS simulations on the modified rg1.1 02-12-04 | Working
encounters Document
07 097 Results of ACAS simulations on the ATM g1.1 14-12-04 | Working
ASAS encounters Document
07 098 Analysis of turns within ATM radar encouster |1.0 29-11-04 | Working
Document
08 099 Results of ACAS simulations on wobbulated AS1.0 26-11-04 | Working
encounters Document
00 100 Notes on the Progress Meeting n°11 1.0 16412| Working
Document
05 101 Derivation of the ASAS encounter model 1.0 | 2-12-04 | Deliverable
Phase IlI
00 102 | Project Status Report 1.0 21-01405 Working
Document
07 103 | IAPA study report on modified radar data 1.1 02-05-05| Deliverable
08 104 | IAPA study report on fast-time data 1.Q 4506 | Deliverable
00 105 | Notes on the Phone Conference n°11 1.0 a1502Vorking
Document
11 106 | A contribution to the synthesis and guidsdin 0.2 25-05-05 Working
Document
05 107 | Statistical analysis on ATM model correlasio 1.0 27-04-05 Working
Document
06 108 | IAPA Study — Report on ASAS Encounter Model 1.4 21-09-05| Deliverable
00 109 | Notes on the Progress Meeting n°12 10 20503Working
Document
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10 110 | IAPA Study — Report on Safety Assessmergdas 1.5 03-10-05| Deliverable
on OSA Methodology
00 111 | IAPA list of actions 9.0 05-09-05 Working
Document
08 112 | Answer to QinetiQ WP08 comments 1. 08-04\drking
Document
05 113 |Proportion of rate reversing aircraft in the A] 1.0 08-04-05| Working
Encounter Model Document
11 114 | IAPA Project Final Report — Synthesis and 1.2 28-10-05| Deliverable
guidelines
07 115 | Answer to QinetiQ WP0O7 comments 1. 27-04\0rking
Document
00 116 | Notes on the Phone Conference n°12 1.0 @B03Norking
Document
05 117 | Review of the IAPA ATM encounter model from 1.0 16-05-05| Working
an operational perspective Document
06 118 | Complementary results of a study based chSA§ 0.3 02-06-05| Working
Encounter Model Document
05 119 | Proportion of encounters in which both aiftciurn 1.1 18-06-05| Working
in ATM encounter model Document
00 120 | Notes on the Progress Meeting n°13 10 16506Working
Document
00 121 | IAPA Dissemination Forum — Agenda 1.4 30086+ Working
Document
00 122 | Notes on the Phone Conference n°13 1.0 J1508Norking
Document
00 123 | Agenda and project overview (Forum slides) .0 1| 08-11-05| Working
Document
00 124 | Framework of the IAPA study (Forum slides) .0 1| 08-11-05| Working
Document
00 125 | Selecting an ASAS application (Forum slides) 1.0 08-11-05| Working
Document
00 126 | Operational analysis of the ACAS / ASAS 1.0 08-11-05| Working
interaction — Method and data (Forum slides) Document
00 127 | Operational analysis of the ACAS / ASAS 1.0 08-11-05| Working
interaction — Consolidated results (Forum slides| Document
00 128 | Safety analysis of the ACAS / ASAS interacti 1.0 08-11-05| Working
(Forum slides) Document
00 129 | Project conclusions and recommendationsu(fo 1.0 08-11-05| Working
slides) Document
10 130 | Comments to IAPA WP10 report (110D version 1.1 11-09-05| Working
1.0) Document
00 131 | Notes on the Final Progress Meeting n°14 11016-09-05| Working
Document
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8.2.
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Traffic Services Supported by Data Communicationd)-7BA,
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[ESARR4] ESARR 4, Risk Assessment and mitigatioATM, Version 1.0, April
2001

[EMO7] EMOTION-7 Final Report — EUROCONTROL ACAS dgramme —
ACAS/03-003 Edition 1 — January 2003

[ICAO-ACAS] ICAO, Annex 10, Volume |V, Surveillandeadar and Collision
Avoidance Systems ®edition, July 2002

[ICAO-ASAS] ICAO airborne separation assistancetexys (ASAS) circular,
prepared by SCRSP ASAS SG, version 3.0, May 2003

[ICAO-OCD] ICAO — ATM Operational Concept Document ATMCP/1-
WP/30, Appendix A to the Report on Agenda Item 2yde2002

[ICAO-PANS] ICAO — Procedures for Air Navigation iSees — Air Traffic
Management (PANS-ATM), Doc 4444," £dition, November 2001

[INCAS] INCAS Home Page — accessible at
http://www.eurocontrol.fr/ba_saf/acas/INCAS/Indemh

[MA-AFAS] MA-AFAS, D14 — Operational Services anchronment Definition,
version 2.0, December 2001

[MFF-A4] MFF Operational Procedures, D221- Annex BSAS Crossing
Operational Procedures, version 2.0 November 2001
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[NUPII-COOPATS] NUP I, Cluster E, Cooperative AT the ETMA — OSED,
version 2.0, November 2002

[NUPII-ITS] NUP II, Cluster D, OSED for In-Trail $aration, version 2.0,
November 2002

[NUPII-FRA] NUP I, Cluster D, OSED Airborne Approh Spacing, version 2.0,
August 2002

[OSCAR] DSNA - OSCAR test-bench, User's Manual, 3sf@n 2.0,
October 1996.

[PACKI] CARE/ASAS Activity 5, Description of a fitspackage of GS/AS
applications, CA02-040, Version 2.2 - September2802

[PO-ASAS] FAA/EUROCONTROL Cooperative R&D, Actiond?l 1, Principles
of Operation for the use of ASAS, Version 7.1

[RNP-MASPS] Minimum  Aviation System Performance Sfieation
(MASPS) for RNP RNAV — RTCA DO 236/EUROCAE ED 75

[SAM] Air  Navigation System Safety Assessment MetHody,
SAF.ET1.ST03.1000-MAN-01-00, Edition 1.0

[TCAS7a] ATC Quarterly, Vol. 6(4), Preview of TCAB Version 7, W.
Dwight Love, June 1998.

[TCAS7b] ATC Quarterly, Vol. 6(4), Contribution GfCAS Il logic version 7.0 in
the European airspace, T. Arino and F. Casaux, 7988.

[TCAS-MOPS] RTCA — Minimum operational performance nskards for
Traffic alert and Collision Avoidance System |l kmrne equipment,
DO-185A, 1997.

[TSO-C119B] FAA — Technical Standard Order C119kgffic Alert and Collision
Avoidance (TCAS) Airborne Equipment, TCAS IlI, FealeAviation
Administration, December 1998.

[TSO-C119B-RWG] WJH FAA Technical Center — TCARIéquirements Working
Group Recommended Modifications 1.0 to TSO C119B,TA60,
April 1999.
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9. Appendix A: Wake turbulence separation minima

Wake turbulence aircraft categories

Cf. [PANS-ATM], Chapter 4, General Provisions far Araffic Services.

Wake turbulence separation minima shall be based grouping of aircraft types

into three categories according to the maximum ceatéd take-off mass as follows:
a) HEAVY (H) — all aircraft types of 136,000 kg orore;

b) MEDIUM (M) — aircraft types less than 136,000 kgt more than
7,000 kg; and

¢) LIGHT (L) — aircraft types of 7,000 kg or less.
Wake turbulence radar separation minima
Cf. [PANS-ATM], Chapter 8, Radar Services.

Unless otherwise prescribed, the horizontal radgrasation minimum shall be
9.3 km (5.0 NM). This radar separation minimum maysaf prescribed by the
appropriate ATS authority, be reduced, but not\welo

a) 5.6 km (3.0 NM) when radar capabilities at aegilocation so permit; and

b) 4.6 km (2.5 NM) between succeeding aircraft Wwhice established on the
same final approach track within 18.5 km (10 NM) bé trunway end. A
reduced separation minimum of 4.6 km (2.5 NM) may bdieghpprovided in
particular that:

v) wake turbulence radar separation minima in téelew, or as may
be prescribed by the appropriate ATS authority .(déay specific
aircraft types), do not apply;

Preceding  aircral Succeeding aircra Wake tL_eruIe_nc_:e radar
category category separation minima
HEAVY HEAVY 7.4 km (4.0 NM)
MEDIUM 9.3 km (5.0 NM)
LIGHT 11.1 km (6.0 NM)
MEDIUM LIGHT 9.3 km (5.0 NM)

The wake vortex radar separation minima set out abbak be applied to aircraft in
the approach and departure phases of flight when:

a) An aircraft is operating directly behind anotlhécraft at the same altitude
or less than 300 m (1,000 ft) below; or

b) Both aircraft are using the same runway, or pelrainways separated by
less than 760 m; or

¢) An aircraft is crossing behind another aircraftthe same altitude or less
than 300 m (1,000 ft) below.
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10.  Appendix B : ACAS collision avoidance logic

10.1. General
This appendix provides a brief overview of:

» the ACAS logic as described in the Guidance Maltaricdhe ACAS SARPs
published by ICAO [ACAS], as well as

» the existing ACAS compliant equipment, i.e. versioof TCAS II.

10.2. ACAS logic

General

An intruder becomes a threat when it penetrateogeged volume enclosing own
aircraft. The protected volume is defined by medns mnge test (using range data
only) and an altitude test (using altitude and eadata).

The collision avoidance algorithm parameters whidhl#sh how far into the future
positions are extrapolated, and which establislestiolds for determining when
separations are “small”, are selected in accordaritethe sensitivity level (SL) at
which the threat detection algorithms are operating.

Range test

Essentially, the range test gives a positive regulivhen approximately TAU
seconds remain before closest approach, the relaleeity vector can be projected
to pass through a circle of radius Mc centred enARAS aircraft and placed in the
plane normal to the relative velocity vectdM.

For the realizable range test, the radius of th&imnam cross section through the
protected volume in a plane normal to the instantameslative velocity vector is
Mc.

This represents the maximum miss distance for whicilenh can be generated if the
relative velocity at the time of entry to the prdtse volume is maintained to closest
approach.

Mc =,/DMOD? + (AV * TAU)? /4

The constraints on the range test are designedvéoagnominal warning time of
TAU seconds allowing for a manoeuvre producing spldicement of DMOD (or
Dm) normal to the relative velocity vector.
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Altitude test

The objective of the altitude test is to filter dntruders that give a positive result for
the range test but are nevertheless adequatelyasepan the vertical dimension.
One of its essential feature is that it gives aitp@sresult if the projected vertical

miss distance is less than ZTHR Zon).

Since the main interest is in intruders with pragelcmiss distances less than DMOD
(or Dm), an ideal altitude test (in combination with deal range test) would give a
positive result if, the relative velocity vector mgeprojected to pass through the
critical area shown by the solid outline in Figér&.

Intruder

/>

CAS

5
s’
Iy

m-

(@) {b}

Figure A-7. Critical area for ideal altitude test

In practice, the altitude test and the range ta®d to be satisfied if the vector passes
through the larger area defined by the broken meitliThose intruders passing
through the shaded areas are likely to give rismt@ecessary alerts.

A __{ Formatted: English (UK.)
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10.3. TCAS Il logic version 7.0

Version 7 of TCAS Il equipment complies with ACAZ\BPs published by ICAO.
Compared to version 6.04a, which is not ACAS coaili version 7.0 further
improves TCAS compatibility with the air traffic etrol system.

The most significant enhancements introduced isigar7.0 are:
* A horizontal ‘Miss Distance Filter’ (MDF),

* Reduced thresholds for compatibility with RVSM (Redd Vertical
Separation Minima) operations and 1,000 ft levélggometries,

* Reduced frequency of rate reversing RAs,
e A 25-ft vertical tracking, and
» The reduction of electromagnetic interference.

The MDF feature permits allows RAs to be inhibiteden the sequence of range
measurements indicates a significant horizontak mlistance. This filter uses the
bearing and bearing rate measurements to verifynisigher aircraft is accelerating;
the filter is disabled if the bearing measuremeats not consistent with the
estimated miss distance.

The ‘Vertical Threshold Test' (VTT) feature allows reduction in the rate of
unnecessary RAs during 1,000 ft level-off geomstri#hen the VTT logic applies,
reduced TAU threshold values are used by the AGAR |

The major thresholds values used by the TCAS liclagrsion 7.0 depend on the
sensitivity level (SL) and altitude at which therdht detection algorithms are
operating, as follows:

Altitude SL TAU values (s) DMOD values (NM) | ZTHR values (ft)
TA RA (~vit) | TA RA TA RA

Oft — 1000ft 2 20 No RA 0.30 No RA| 850 No RA
1000ft — 2350ft | 3 25 15~15 0.33 0.20 850 600
2350ft — FL50 4 30 20~18 0.48 0.35 850 600
FL50 — FL100 5 40 25~20 0.75 0.55 850 600
FL100 — FL200 | 6 45 30~22 1.00 0.80 850 600
FL200 — FL420 | 7 48 35~25 1.30 1.10 850 700

> FL420 7 48 35~25 1.30 1.10 1200 800
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11.

Acronyms

ACAS
ACASA
ADS-B
AS
ASAS
ASARP
ASPA
ATC
ATM
ATS
ATSAW
BADA
BASILE
C&P
CARE
CASCADE

CDTI
CFMU
CNS

CoC
COOPATS

EUROCAE
ESARR
FHA

FL

fpm

Airborne Collision Avoidance System

ACAS Analysis

Automatic Dependent Surveillance - Broadcast
Airborne Surveillance

Airborne Separation Assistance System

ACAS Safety Analysis post-RVSM Project
Airborne Spacing

Air Traffic Control

Air Traffic Management

Air Traffic Services

Air Traffic Situational Awareness

Base of Aircraft Data

Basic Aircraft Simulator for Logic Evaluatio
Enhanced Crossing and Passing operations
Cooperative Actions of R&D in EUROCONTROL

Co-operative ATS through Surveillance andmbhunication
Applications Deployed in ECAC

Cockpit Display of Traffic Information

Central Flow Management Unit

Communication, Navigation and Surveillance
Clear of Conflict

Cooperative ATS

Closest Point of Approach

Closest Point of Propinquity

Direction des Services de la Navigation Aénien
European Civil Aviation Conference
EUROCONTROL Experimental Centre
European Organisation for Civil AviatioreEtronics
EUROCONTROL Safety Regulatory Requirements
Functional Hazard Assessment

Flight Level

ft per minute
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ft feet
HMD Horizontal Miss Distance
HMI Human-Machine Interface
IAF Initial Approach Fix
IAS Indicated Air Speed
ICAO International Civil Aviation Organization
IAPA Implications on  AAs Performances due to SAS
implementation
IMC Instrument Meteorological Conditions
INCAS Interactive Collision Avoidance Simulator
MA-AFAS More Autonomous — Aircraft in the Future AMTSystem
MASPS Minimum Aviation System Performance Specifaa
MDF Miss Distance Filter
MFF Mediterranean Free Flight
MOPS Minimum Operational Performance Standards
NM Nautical Mile
NMAC Near Mid-Air Collision
NEAN North European ADS-B Network
NUP NEAN Update Programme
OED Operational Environment Definition
OH Operational Hazard
OHA Operational Hazard Assessment
ol Operational Improvements
OSA Operational Safety Assessment
OSED Operational Service and Environment Definition
OSCAR Off-line Simulator for Collision Avoidance &dution
R&D Research and Development
RA Resolution Advisory
RFG Requirements Focus Group
RNP Required Navigation Performance
RVSM Reduced Vertical Separation Minimum
RWG Requirement Working Group
S&M Enhanced Sequencing and Merging operations
SARPs Standards and Recommended Practices
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SC Special Committee
SCRSP Surveillance and Conflict Resolution SystBarsel

SOFREAVIA  Société Francaise d'Etudes et Réalisatiod’Equipements
Aéronautiques

SRR Secondary Surveillance Radar

STAR Standard Arrival Route T { Formatted: French (France)
TA Traffic Advisory

TCAS Traffic alert and Collision Avoidance System
TIS-B Traffic Information Service - Broadcast
TMA Terminal control Area

TSO Technical Standard Order

VMD Vertical Miss Distance

VTT Vertical Threshold Test

WG Working Group

WP Work Package

WPT Waypoint

*** END OF DOCUMENT ***
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