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NOTICE

The Automastic Traffic Advisorw and Resoltion Service (ATARS)
was a8 concert that'eﬁvisioned ground-based Hiscreté Address
Beascon Suwstem (DARS) sensors eauirred to srovide a collision
avoidance service., In Octobeyr 198ly the Federal Aviation
Administration discontinued develorment work on the ATARS
concerly 8% being redundant wilth decisions to  imslement &

ground-inderendent collision avoidance sustemy TCAS,

Thiis rerort documents tiala derived from the ATARS
develorment srogram a3nd describes technical characteristics
of  such 8 collision avoidance service. The rurrose of the
rerort is  technicsl  documentation. No  imrlementation or

further develorment of ATARS is anmnticirated.






ABSTRACT

This rerort rresents Lhe results of 38 large scale sustematic
field exreriment conducted at the Federsl Aviastion
Administration Technical Center Lo evaluaste the utilitur and
the human faclors ssrects of an pultomalbic advisory sService.
The automatic advisorw service is comrosed of two servicess
1+ a8 Traffic Advisorw S@rvi&e (TAS) which dissrlavs a
continually usdstedy course-ux traffic mar of the airsrace
arvound tne subdeclt sircrafltey a&nd 2 & Resolution Advisorw

Service (RAS) which susdes

conflict avoidance maneuvers
caloeulated on the hasis  of  grouwnd  radar surveillance

informatiorn.

Ansluses of silot  orinion  dalta exsmines ﬁh@ rilots’
assesasments of the information content of the diserlaws anq
their accestance of Lhe sulomatic advisorwy service.
Obdective datay talken bDw  on-board observers st b
groynd-based surveillasnce equisments is  wused to ansluze
rilot reaetion Lo sdvizoriesy seraration resultse ard visual

acauisition rerformance.



EXECUTIVE SUMMARY

This rerort srresents the results of a lardge scale sustematic
field exreriment conducted &'l the Federal Aviation
Administration Technical Cermter to evaluate the utilitwy snd
the human Facltors ssrects of an sutomalic advisory service.
The autmmatic advisory service is comrosed of two servicesy
1. & Traffic dAdvisory Service (TAS) which disrlawe &
continually urdatedy caurse-ur Lreffic mar of the sirseace
around the subdect airverafltey and 2. 8 Resolution Advisorw

Service (RAS)Y which sudgdests conflict svoidance maneuvenrs

caloeulated arn the  hesis of  dground  radar  surveillance

information,

The Tlight test srograsm involved 12 subdect rilots Flwing 72
Tlights (&6 Flights each)ry i &  tolal of 424 neasar miss
encounters,.  Phusical (Plighnt)  dets were taken by on-board
opserversy and by sEround-Dased  magnelic  tare  recorders.
Subdective dalta concerning silot oriniorn amd revcertion were
collected with seost-flight and rost-encounter déhri@fins$;
The anelwsis of these dala dis divided dnto the followinsg

five caltesories?

3 Nerendernce of Datas on Test Conditions

-~

End

Filot Utilitwy Assessment of the Advisorwe Service
o Filot Accertance of the Advisory Service
o Use of the advisorwe Service

b Charvracteristi

af Lhe Trairning Frosvam

e
e



I subdective measures of orinion and obdective measures of
rerformances the advisorwy service was found to have 8 hish
dedree of rilot sccertancey and it was Tound to éid the
#ilot in manasging midair encmuntérﬁ. There was a distinct
sreference  shown fTor the TAS over the FRAS. Arnaslusis of dats
orn the Closest Foint of  Aserozch  (CFPA)Y  showed thaty  for
encounters with CFA  less than 1000 feety the asverage
agohieved minimun slant range increased bw 22.9 sercent when
ilots comslied comgletelw with the resolution advisories

over when thew did not,

The results of the analusis leasd to the followirdg

conclusions?

-~

y Hovizontal and verticsl maneuvers in reswonse Lo an
automatic sdvisory service are effeclive in incressing

agircraft seraration.

0 Susrlementare  informabtione over andg  above the haasic
rosition and relative motion informatione 1s unwanted bHw
wilotsasy ard  interferes with their comsrehension of

traffic situstions. Conflict regolution advisories are

seen as less imrortant than this basic information.

0 Certain Ch&?&&t@riﬁtiCﬁ of Pilot_ int@ragtion withh an
automatic asdvisory servicer (such  as  the atilitwe Lo
maximire achieved seraration)s are estsbhlished hw. tLhe
very first fFlight exrerience wilth the servicey while

other characteristios (such  as  satisfaction with the

|
e
pele



service  and time to visusl scauisitiorn) take four flight

exreriences Lo mature,

0 Self-study with & comrrehensive
effective method Ffor Lrasining

antomatic advisory service.

training

wilots
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INTRODUCTION

This rerort rresents the results of a larde scale sustematic
fielﬁ exeeriment conducted at the Fedaral Aviation
Administration Techmical Center to evaluate the utilitwy and
human  factors asrects of an sutomastic advisory service, The
sutomatic advisérw service is comrosed of two services. The
firelty called Traffic Advisorwe Service (TAS)» Cmnsigtﬁ of
diswlauéd sumbology desicting the asctual location of nearby
traffic. The second is @& Resolution Advisors Service (RAS)
which susidgests wrossible avoidance maneuvers. The surrose of
the advisorwy service is to incresse safety by srovidinsg the

ilot with detailed information on nearbw aircraft.

See~and-avoid hes been bthe srimary means of avoiding midair
collisions for silots flwing under Visusl Flight Rules (VFR)
and  Instrument Flidght Rules (IFR) in Visual Meteorolodicel
Conditions (UMC). Once an sircraft is visuwallw sceuiredr Lhe
rilot makes a8 threslt assessment. At rresenty the information
used in making & threat assessment (such &s velocitwy
heading, and sltitude of  an aircraft) ié detarmined e
visual observalion Sup#lemeﬁted by data obhtained from ATO

atfvisories.,

One of the dHoals of Lhe TAS is Lo srovide enoush information
o both sroximate and sotentially threateninsg sircraft so
that a milot can visually azcaeuire bthe asirevafts male o an

accurate threat assessmenlt snd avoid increasing dandger and



-

the necessite for extreme maneuvers. At rresents air traffic
controllers surrort see-and-avoid orerations bw Froviding
advisories to the wsilot on & work-rermiltting basis. The
automatic advisory service is designed to rsrovide hidgh
auality advisories as 8 fulltime service for all equirred

aircraft within the coverasge area.
The rerort is divided into the following sections?

o Background

0 Sustem overview

o Flistht Tesl Frogram ObJdectives

0 T@%t Structure

o Teslt Execution and Dalta Collection
o Nete Reduction and Anelwusis

o Resgltls

o Conclusions

0 Recommendations

The first section rresents & brief histore of studies
involved in  the develorment of various collision avoidance

suslems.,

The "Sustem Overview® erovides  an ewxslanstion of Lhe
engineering desisn of both the hardwsre and software swsbem

structures,

The thirdys "Flidght Test Prodgram OhJdeclivesy® describes Lhe

obJdectives of this studu,



The "Test Structure” section is divided into six subsections
and a8 summary describing the various assrects of the flisght
test srosgram. Reassons for flight sattern selection end

rrocedures for rilot selection and training are rresented as

well as a discussion of the test slan structure.

The fifth sectiony "Test_ Eﬁecution and Nate Collections"
describes the execution of the flight test srodgram and how
the dasta was gatheredv rrocessedy and  entered into a
comerrehensive date base for analusis. Torics covered are

activities beforey duringy and after a test flistht.

The sixth sections "Data Reduction and Analusis,® is divided
into five subsections and & summare. The derendence of Lest
results on either test desidn characteristics (e.d. Flight
rattern twre) or other factors not strictly controllable is
exdamined,. Filots’ evelustions of the disrlawed information
and  comments regarding the information level are examined.
Evidence of #=ilot satisfaction and accertaence are also
samined  in detail. Visual esceuisition date and soint of
closest areroach information sre examined to identifw Piiﬂt
hehavior. The training srogram is sssessed in the subsection

*Charascteristics of the Training Frogram."

The last three sectionsy *Resultsy Conclusions and

Recommendationsy " summarize bthe Findings of this studs.



BACKGEROUND

The recuirement for the develorment of &8 discrete address
peacon  swstem was ddentified dinm the 1969 Derartment of
Transrortastion <0OT) air Traffic Control (ATC) Advisorw
Committee Sty (Reference 12,2 The study recommended
modifications to  the rresent Air Traffic Control Radar
Beacorn Sustem (ATCRRES) which would imerove the surveillance
asocuracy ang the reliabilite of the swstem. Srecificallwy &
discrete address mode data link function  (Mode 5)  was
rrorosed which would susrort & swstem which automstical Lw
tLransmitted traffic advisories to the silot. This ground
hesed swstems called Intermittent Fositive Control {IFCYy
would orerate in the multi-comsuter Mode 5 ground equisment.
The ’IPC algorithm would srocess  raw aurveillanme datas
suFrlied by the radar site and send individual messasges tm_
ezeh aircreft eauirred with a Mode & transronder and relalted
disrlarg eaquirment, The rilot would receive the traffic
agdvisories on & dissrlaw instelled in the sirvcratt instrument

Farnel .

Both the comsuter aldorithms snd the cocksit disrlaws  for
this service have undergone & steasdw evolution since the
19269 DOT studuw. A single-site algorithm was rublished  in
192745 (Reference 2. A multi-site algoritihms called IFC
Change 2y was sublished in Sertember 1974 (ReTerence 3) and
subseauently tested st the Federal Aviation Administration
Technical Center and at sites in Clementon and  Flwoody New

4
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Jersew, Flight tests of the sindgle-site aldorithm were
conducted st the Mode 8 exrerimental facilite st Hanscom Air
Force Rasey Massachusetts from October 1974 to Februarvw 1977
ty Lincoln Labhoratory (Reference 4). A second stude which
came ouwt of this testing examined the effects of the IFC
disrlawy on visual ecauisition (Reference S) e Lincoln
Laboratory was concerned with the design of & traffic
advisordy service that éwmplement@d the ground-based
resolution service while maintaining comeatibility with
other arsrlications being develored for the Mode § dats link.
Thew develored the messasge Tormalts that rrovided the wsilot
with the information thalt he reauires while atlemeting to
mirimize the worklosd involved. There were 103 flights
comeleted inm bthis test series. The results of this testins
of the original IPC slgorithms demornstrated the usefulmness
of the traffic eadvisory rortion of the IFC as an aid to
visual acaeuisition of trafficy howevery it was also found
that ih{vmanw cases the rilot was unsble to make s threatl
assessment based on the limited amount of informstion
Frovided bw  the IFC diserlasw. Clock sosition and relative
altitude information alone did ot e rmit effective
determination of the divection in which it was safe to turn,
The rresent  advisorw service  aldgorithm  {(the Automastic
Traffic Advisorwe and Resolution Servicesr ATARS) is based on
the results of the Lincoln Lasborstore testss knowledﬂe
gained from oreration of IFC Change 2y andg simulation

studies of single-site IFC  dome by the Technmicasl Center



(e.dg. RefTerence &) and the MITRE Correvatior.

Im Qctober 1981 the Federal Aviation Administration
discontinued work on the ATARS concesty deeming il redundant
with decisions to imelement a2 gsround-inderendent collision
avaidance swstem: the Traffic Alert and Collision Avoidance

Sustem (TCAS).

é
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SYSIEM OVERVIEW

The asutomatic advisory service wused in this test srogram
utilizes the Mode § dground sustem to communicate with

girborne disrlaw  instrumentation. The relationshis between

the swstem comromnents is rresented in terms of two
sustem—-level tlock dissramss one showing the hardware

configuration and one showing the software confidguration.

The hardware design for the automatic advisory service is
shown in Figure 1. The three wmain blocks are "Intruder
Aircrafts" *Subdect Aircrafty'. and "Mode 8§ Sensor." The
intruder aireraft is sueslied with an ATCRBS transronder
which rerlies to Mode $ sensor interrogstions. The subdect
aireraft also resronds to the Mode S interrogstions and
receives data link messases through the Mode 8 transronder.

Ay advisoryy whether TAS or RASy is dgivern sriorvity for use

trw  the disrlau. The Mode 8 sround swstem includes B
survelllance Tuncetions the advisory  service comeuter

function and a date link function. The surveillance function
gathers alliitudes rositiony aircraft identification numbers
and airceraft equiradge information which the advigorw service
function srocesses to identifw rotentiazl conflicts. The
Mode 8 datas link functiorn then transmits the TAS  and RAS
messadges develored bw the advisorw service function to the

gubdect sircraft via the surveillance functiorn.
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FIGURE 1 - HARDWARE ENGINEERING DESIGN

BLOCK DIAGRAM




The software block diagram (Fiﬁure 2) shows the data flow
throush the advisory service function. Surveillance
information is Frocessed bw the "Sector Frocessing® module
where aircraft velocitwy and &Qsition information (which
comrrise the "staste vector") is smoothed. This track datas is
then turned over to the "Aircraft Usdate® module where the
rrediction time for each state vector within 8 current
sector is wurdated to 3 common time. The aircraft wunder
advisory service coverase are ordered by » coordinster asnd
gircraft with both low altitude and low sreed are entered in
the "X-List® with 211l other aircraft entered in the
*EX~List." The next ster in the srocess is the *Cosrse
Screen"” where each aircraft is assidgned 8 Lthree-dimensional
window. If other aircraft are detected inside this windows
they become rotential Pairéo This list is then exsmined bDhw
the conflict detection algorithm which classsifies traffic
into two catedgoriess Froximate and Threatening. These
classifications are made on the basis of velocitiesy current
serarationy closing rates and 3 Prodecied miss distance
caleculated from current tradeclories. (Table 1  shows Lhe
advisory threshold criteria for these classificetionsy and
for the issuance of conflict fesolutimn advisories.) The
ture of service reauired (TAS or RAS) is then determined. If
a resolution is reuireds the "Master Resolution® module
determines which ture of resolution messadge is arsrorriate.
Fositive advisories are those thset sdvise the silot to

maneuver in a8 srecific direction (e.ste turn lefl).
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Nedative advisories are those that advise the rilot not to
maneuver in & srecific direction (e.s. do not climb)., If 8
traffic advisory alonpe is recuiredy the "Master Resolution®
module is burassed, Robth the RAS and TAS are then rrocessed
bw  the ‘"Data Link Message Construction® module whict
rrerares  the formats and messadge strings for the "Mode §
Datas Link Function.® More srecific detsils of the messade

formats carn bhe found in References 7 & 8.

12



ELIGHI IESTI EROGEaM OBJECIIVES

The obdective of this flight test srosgram was to determine
the characteristics of wilot interaction with an  automatic
traffic and resolution advisorw service, The characteristics

were divided into the following areas for analuysiss

o Filot Utility Assessment of the Advisory Service
o Filot Accertance of the Advisorwy Service
o Use of the Advisorwe Service

o Characteristics of the Traiming Frosgram

In the first areay "Pilot Utility Assessment of the Advisory

)
..

ervicers®” the flight test srodgram examines the usefulness of
the Seryice as reflected in the wilots’ ratings of the

disrlaved data.

The second areay "Filot Accertance of the Advisorw Services”
considers the rilot’s assessmenlt of the credibility and
aceuracw of the TéS and RAS. Some of Lhe euestions addressed
sre! Do rilots like the swustem?s Are rilots satisfied with

the sustem?

Under the third catedgorwy "Use of the Advisorw Services" the
flight test rrodgram exrlored the stent  to  which  subdect
rilots wsed informastion obtained from the disrlaw when
manadging encounters.,. Questions such a6y Ttid  the subdect
Filots wuse the RAS to maske these avoidance maneuvers or odid
thew use the traffic advisory service to sssess  their  own
maneuyvers?™® are examined in det&ii.

13



Finellwy "Charascleristics of the Training Frodgram® asddresses
euestions redsrding the amount and ture of training that the

silots need beTore thew can use the swustem effectivelw.



IESI SIRUCIURE

INIEODUCTION.

This section covers the téﬁt #lan structure and is divided
into the following seven main sections:

o Flight Fath Geometries

0 Schedul insg

o Pilot Selection

o Training

o Flight éctivities

o Factors Outside of Strict Control

0 Summarw

The first section examines the six flight ratterns used in
the test rrodramy how thewy were selectedr and the reason for

the encounter arransgements.

Scheduling . of rattern ture and rilot secuencing asre
e lained in the sectiomy "Scheduling.” The ordering of
flight wsatternsy ecual distribution of time of daQ s
distributedvlearninﬁ asrects were accomslished bQ means of &

latin sauare desidn.

There were several restrictions in the subldect ilot
selection rFrocess that haed to be strictly observed. The
determination of Lhese restrictions and the geiectimﬁ
Frocess are examined in  the section entitled "Filot

Selection."



The Tourth section discusses the Lhree tures of btraininsg the
#ilots received: & PFilot’s Menuasl (Reference Yo graunid
school and one familiasvizetion flighlt 1in the subdect

aircraft.

The section "Flight Activities® exsmines the srocedures of
the test flighty the subdect rilob’s exrervience andg Lhe

resronsibilities of the observer arnd Lest safelw silot.

Certain conditions nasmrered some tests and sometimes caused
a flight to be cancelled or shorted., "Factors Outside of
Strict Controly® exrlains what these conditions were

relative to the flisht testls.
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ELIGHT EAIH GEOMEIRIES.

This section is divided into two subsections?

0 Selection of Flight Fatterns

o Encounter Arrandgement (Conflict Geometries)

SELECTION OE ELIGHI EAITERENS. A total of six flight ratterns
were develoreds each rath using the same Tour navidational
#oints (see Flidght Fatternsy Arrendix A)e The selection df
the flight rath deometries was limited bw certain sractical
considerations such a8s sensor coverasge areasy navidational
workloadrs the need to avoid the Fhiladelrhis terminsl
control arear New York Center airsracesr and the McGuire AFER
control area. The encounter arrangements were designed to
maintain an even distribution of encounter tures (head-ons
tail-chaserand lateral) over all six flights, The soal in
selecting the flight raths was to establish a8 series of
flights for the rilot that were!
o Consistent with normal arid exrected flight
operationﬁ.. |
o Confined to the 60 nautical mile (rnm) coveradge sres
of the Clementonr New Jersew Mode S sensor.
0 Easilwy observed and controlled from the Technics!
Center.,
0 Easily managed by Center test rilots .so that the
required encounters could be sel wue and executed

successfully,.
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ENCOUNTER ARRANGEMENT (CONELICT GEOMEIRIES). The conflict
geometries were selected so  that thew exercised the full
range of the advisory service disrlaw cerasbilities. During
the desidgn stadges of  the  Flight teﬁt srogram  several
decisions were made in order to ortimize the wvarietw of
auestions that could e answered ahd the reliability of the

answers Lo these cueslions.

One of the issues concerned the rnumber of aircraft  that
would bhe used during the flight tests. Analwsis of the
nature of the aircraft cornflict led to the restriction tnat
only Lthose conflicts that involve Jdust two aircratt would be
considered. Two asircraft encounters sre not the onle tures
thaet ariser and rsavticulasrly in heavile trafficked terminal
areasy - maneuvers designed to reduce the asccident rotentizal
of one conflict maew create & domino effect with resrect to
other traffic, ngevery i order to reduce the number of
desidgn variables in  the testy maintein safetwyy and Lo
incresse  Lhe stalistical relisbility of the resultss ﬁhw

slammed encounters were limited to two zsirceraft erncounters.

The second asrect of the airvcraft conflict dig  that Lthe
intruder  vector maw contain g vertical as well as 3 laterasl
comEorert . Therefore conflicts maw arise ecause - Lhe
intruding  sircraft descends bLoward the subdect aircrafty or
climbs ue into the subdect aircrafl. Recause exsmination of
orFerations  during vertical flight encounters was not the

subJdect of this testy such vertical comrornent conflicts were
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ruled out ae sustematic variastions in the desisgn. Althoush
encounters charins turns and altitude Cchanses ofict
oceasionally ocoury generasllyy the intruder Tlew shraidght

and level into and through the encounter.

This left conflicts between aircraft at stable altitude
differences which were rartitioned into three general
classes derending urorn the laterel rosition of the intruder.

These conflicts were called "head-on" whern the intruder

sircraft was closing with the subdect asircraft within w=lus
or  minus 49 destrees  of the subdect airvoraft sgvound track
heading. Encounters were considered as "lateral  encounters®
it the intruder agircraft was areroaching 20 degreese slus or
mirtsg 4% desirees relative to the subdect aircraft headins.
Fimnally "tail-chese" encounters were those i which the
intruder was arerosching  the tardget sircraft within 48
d@ﬁr@@s of the recirrocal of the subdect aircraft hesding.
This rartitioning  of @ﬁmount@r'twwes while arbitraryy is a
regsonabhle comerromise to reduce the number of test veriables
ared  increase the statistical relisbilite of  the test

results.

The subdect asircrvaft wes 8 twin-engine Beech ERaron (BEwSH)
flown a2t a sreed of 120 krnots. The intruder airvrcraft wss &

Cesana 210 flown at 169 knots.



SCHEDULING.

Six different rsatterns were used in the teslt series. Esch

rattermn was flown ecuallw often bw each rilot snd  the

seauence of tﬁe ratterns was distributed so that each tuse
followed another ecuallu oftern. This was sccomelished bw use
of & latin seuare design.

The criteria used Lo schedule Lhe Tlishls were as Follows?:

0 The order in which the flight raltterns were flown wss
different for each of the six silot rairs, This was
desirable bhecause Lthe satterns maw nol be the same
in difficulty (e2etfey navigstional workload).
Furthermorey becasuse of the course deomelblrw cerltsin
satterns contsin encounters that are rsavbicularlw
difficult to resolve. I order to distribute the
effects of Tlight exrerience evenlw over Lthe $ix
satterns  (btherebw  avoiding ang bhiassed weighlting of
one) each ratltern occurved in each rosition eaually
often. To avoid carry-over effects each rattern was
sreceded by each other rattern ecualls oflten,

o In order to avoid the wossible wuneeusl effects of
Lime of daw  (morning  and  aftermoon)  uron  the
resultsy each rattern was FTlown an eaual number of
times in  the morvring  and sfternoon. In additions
each milot flew an  eaual rnumber  of  movoding  and
afternoom Tlights.

o I orvder to teke advantasde of distributed learmnings
subJdect silols exrerienced 38 waiting reriod belween
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Flights,

The first and second criteria were satisfied using a  latin
sauare (Table 20 to assure that no two $eéuenc&§ Were
identical, For examsley fmr rattern seauence 3y rilot E Tlew
rattern I in the morning for his third flighty and rilot 6
flew rattern I in the afternoon for his third flight, The
third criteriorn was sccomrlished bw stirulating that?

0 No rilot could fly more than omne flight rer daw.

g No rilot could flu more than two flishts rer weel.



TARLE 2 - LATIN SQUARE FOR SCHEDULING

FATTERN SEQUENCES

FILLOTS == F/1 RAK S G/l E/G HAJ

s/t s/t s/ &/t ars aslt

2 A K 0 F H I
/& th/a s @ s i a

L. U as ast sl a/ &0 a8t

s E 3] A F 11
/s ta ) b @ e s e a

EYEW s/ a1 alh a8/ h VAN

C

/@ i & /@ /@ i e s

KEY §
lLetters A — F1I lNesidgnate the wsattern Lures used (e

Arrerndix A For rattern disgrams).,

lLetters & & b Nesignate the time of daw that the Flistht

tool rlace (morning and afterrnoons vressechivelw):



EILOT SELECIION.

The flisht test rrogram recuired the rarticiration of 12
government emsloveesy multi-engine rated wrilots with at
least & hours of flight time in the rrevious 3 months and &
minimum of 200 hours of total Fflight time. Frosrective
subJdect rilots were notified bws lettery Center newsrarer and
sublic address sustems of a3 meeting which would brief them
on  the rrodram and ites recuirements. At the close of the
meeting 811 interested rilots submitted applicatidns for
rarticiration in  the flidght test srogram. The grrlications
contained the rilot’s aircraft ratindgs and fliﬁht hourss
which were used to determine who wasbaualified. Out Qf those
whto aualified, twelve were chosen at vandom andvlétt@rﬁ of

selection were sent to those twelve milots.

Those selected were assidgned ddentificatiorn letters which
were Lo be used throughout the test seriesy and each silot
was asked to fill out & biograrhical backsground
auestionnaire which hecame waft of the dats basey All
references to & rarticular rilot were made bw identification

lettery mever by name.



IEAINING.

The wsrime concern i the wilot orientation was the
reuirements necessary  for the silot to understand the
advisory service well enough to use the information
effectivelw, Each rilot received & Pilolt's Marnuasl fTor
self-study one week srior to ground school. Exams were siven
alt the bhedirnming and at the end of the dground school. The
First was to see how much  the reilots leasrned from the
self-study material and the second was Lo see i the ground
school enhanced the silot’s understanding of the materisl, A
Tamiliarvization Flidght i the subdect aircraft was also
srovided as a training or sresraratorw aid hefore any  Flight

testing besgan.

The Tirst ster during the dSround school session wes the
administration of a test covering the advisorw service. This
test drade became rart of & wrermanent dats TFile of the
training  srogram for each silot. The dround school tregdirnins
bedgan after the first test was comeleted and  dgraded. The
entire swstem was reviewed wilh srecial emrhasis slaced on
the sress identified as trouble srots from the Ffirst exam.
After the dground school session was comerleter the wmilots

took a second exams similar to the one thew had taken st the

beginning of the session. Grades tetweern the silot
test/re-test scores were comraved and averaged. Filots were
Lhen raired to the extent rossihle so thalt esch of  the &

e

flight secuences would be Flown by two =ilots with similar
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SCOTEE .

ELIGHI ACIIVIIIES.

This section is divided into the following subsections$
0o Test Flight
o Communications

o Air Traffic Control (ATO)

IEST ELIGHI. BRefore each test flight the safetw wilots ATC
coordinatory observersv ang  subdect rilot discussed the
flighty rroceduress altitudesy communications anﬁ flignt
test reauirements. The subldect wilot.did not. waricirate in
those briefings in which the encounters wWwere slarnmed and
discussedr since that rart was to be acted uron bw the
subJdect rilot when the situation occurred., In order to kees
the gscore of these tests within reasonable boundsy certain
sarameters of the slanned encounters were held constant
throughout the test series, These Ffixed asrects of the
encounters were clearly communicated to the subdect and
safety rilots during briefings to ensure their understandins
of the flight test rarameter constraints?

o The subdect s=ilot considered both aircraft to be
orerating wnder VFR conditions (visibilitwy 4 rme
ceiling more than 3000 feet).

o The intruder aircraft was eauirred wilth an  altitude
encoding altimeter and transsonder, Aircraflt without
altitude encoding ecuirment were not rrocessed bw
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the ground-based advisory service eauisment. The
intruder was ot equisrred with the esdvisorwy service
carabilitu.

o No ATC involvement was stasged, The subdect rilot  did
not  receive or ask for traffic advisories. Howevery
traffic advisories on aiveraft other than the two
test aircraft were usrlinked by ATC in Lhe event that

QUL e,

fen]
Ll

they were nolt Mode

o The safety =iloty who was Lhe Filot-In-Command (FIC)s

was resronsible  Ffor  ensuring  adecuate seraration

throughout Lhe test series. The safeltwy wilot

surrorted the subdect silot during tne test flight

et handling the communications. No helr was given to

the subdect silolt during the flight with resrect to

bringing his stltention to the disrlaw or roinbins

out  aircraft for visuzl sceuisilion. The intruder

cdid not ressornd Lo bthe conflictsy onmle  the subldect

aireraft irndtisted maneuversy if the subdect rilot

deemed it necessary. The intruder aircraft was

considered blind to the esresence  of the subdect
agirvceraft throusghout a2ll shases of the encounters.

Erncounters were designed so that this last constraicot  oid

rot =roduce snw unreasonable demand on the subdect or safeltw

ilots. The velocity differences beltweenn the subdect

aircralt were small so thal modest marneuvers of the subdecth

aircrafltl were effective, aAllthoush the disslsw contains a

number of fealtures selectable hwy the s=ilotsy all Flights were
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flown under tﬁe following congitions (Reference 9 dives a
detailed exrlanation of these features)?
o Niselaw! Diselaved rande set on suto-adiust
o Froximaste Mode! Oertion 5§ (full swmbolosw for threasts
and  non-threats excert that when a3 threat exists
simultaneously with 8 rFrodimate aiverafty the
sroximate aircraft will not disrlaw the altitude and

velocity vector).

n}

Frosimate srioritw! No information other than the
advisories were transmitted to the disrlawy,.
o Imnformation Level! All flights were flown with the

full advisory service,

Before a8 test flight the observers would comslete a flight
log with information about the weathersy airrort conditionse
aircraft statusy and time of daw, The subldect rilot
comleted a rreflight exam srior to the daw’s flight
briefing, During the TFlighltr, the observer comrleted the
encountef 10ﬂ recording the PhQﬁical data beforesr durins
andg after an encounter. Immedisltelw following esch eﬁcouﬁter
the observer asked the subdect rilot cuestions concerrninsg
the encounter Jdust comsleted and recorded the answers on the
encounter debriefing form. Aflter the fFflightsy the subldect
#ilot comrleted the flight debriefing which was éoncerned

with the entire flight exrerience.



COMMUNICATIONS., During all  Tlights a site control soint
called Mode 8 Control was located at the Technical Center
radar lﬁite. All communicationsy air-to-ground anc
Hroundwtuwﬂround? went throush Mode S Control. Occasionslluy
a& veclor was dgiven to the two test airvceraft from Mode 8
Control to aid intercestion of the subdecl sircrafl. Since
the subdect silot was not to krow from where the dinbruder
zivoralft was comingy 3 coded Porm of communicaetions belween
the intruder airvcraft a2ng subdect sircrafl was necessard.
This was accomelished by having  the dinbtruder  aslk o for

rosition rewrarts from  the subdect asirvcraft when visual

ageouisition  was lost. Advisories from ATC were diven to bLhe

subJdect only when recuested by the safety silot.

ALR TRAOEEIC COMIEOQOL. The ATC coordingtor rrovided urdated
information concerning  Lhe airsrace wsed bw the Technicsl
Center. ATC was sware of the recuirements during the fliﬂht
test and was rrovided with the Tollowing information?
o Trenssonder codes of both airerseft dnvolved i the
Flight lest.
0 Altitude of each sircraft durinsg Lthe flisght test.
o Intended route of Fflight (see Flight Fatternsy
Arsanagi-x A).

o Time flight was exrected to besgin,
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EACTIORS OUISIDE OF STRICI CONTROL.

A flight would rnot be asttemrted if the vigibility was less
than 4 nauticai milesy the ceiling (cloud laver) wss less
than 3000 feety or the wind velocitey wass dreater than 35
kriots at flight test altitude, Herdware failures (in such
eauirment as the rader sensor or airborne instrumentation)s
software malfunctionsy or aircraft maintsinence rroblems
caused delavs asnd/or cancellations. Unrelanned encounters
were welcome since thew rerovided additional data for
analuysis and the orrortunity to comrensste for missed

encounters.,
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SUMMBEY .

Thie section desceribed the test wlarm structure snd was

divided into the following six sectionss

0 Flight Fath Geometries

0 Scheduling

o Filot Selection

O Trainins

a Flight Activities

o Factors Outside of Strict Control

There were six  flidht eatterns (A-F) used i the test

SETLESG,.

The order in which the silots flew the six ratterns

was determined by using & latin sauare desisn.

Followings

1 isht

rotential

8 series of anmouncemenlts and & briefing on the
test Frogramsy arrlications were received Trom

subJdect silots. The asrlicsnts were then soreened

for aualifications such as multi-endgine ratingy current

medicasl

least 6

chiosen

certificater and 200 hours of Flight time with &t

i the wsast 3 months. A total of 12 silots were

to rarticirate ir the test FrOSram. After

notification of accertance into the srogrames the silobs were

given &
with the
to  the

Lraimimg

& @xam

the self-

self-studue FPilot’s Manusl to familiarize themselves
advisory service swstem. These manuals were diven
subJdect silots one week srior Lo the sirowund school
session. At the bhedginning of the training session
was administered Lo test the kriowledsie ﬁaingd From

study Filot’ s Marnual. - The subseaeuent instruction
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covered the training manual contents and answered anw
euestions the rilots had concerning the advisorwy service. At
the conclusion of Lthe course a3 similar exam Lo the first was
given to the subdect rilotsy this time with the eurrose of
identifuing anw  increase in knowleddge of the service that

occurred as a result of the training sessiorn.

Radar sites at the Technical Cernter and a8t Clementorny New
Jersew were used in thé flight test rrograsm. The Technical
Center was the headeuarters for communicstions between the
aircraft and the Clemenrton radar site. The flight
coordinator briefed the Air Traffic Control watch surervisor
abtout the altitudess flight ratternsy and aircraft rumbers
of the dsw’'s flight, The subdect riloty safetwy rilot and
observers rarticirated in a8 sreflight briefing,. The observer
comeleted a8 flight lod while the subgect filled in &
sreflidght exam, During-eéch encounter the obﬁeryer comsleted
an encounter lod with rhusical daste redarding the encounter.
The observers aueried the subdect rilots about the advisory
service subseauent to each encounters therebu Froviding
answers to the encounter debriefing form. AL the comrletion
of a8 test flisght Lthe .ﬁubdact #ilot compléted @  Fflight
debriefing form which asked for an evalustion of the
advisory service, The safetwy =ilot was the Filot-In-Commard
(FICY and was resronsible for sssuring safely during the
Flight, The safetw silot handled the communications because
the intruder silot needed frecuently wurdated rosition
information from the subdect aircrafty in order to slan his
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agrrroaches. IF  the wvisibility was less tharn 4 nautical
milesy ceiling was less  than 3000 Teety or hisgh winds
existed at flight levely cancellations would oceur. If these
thresholds were violated after a flight bedasns the flight
was strorted, Qther factors which causerd delauﬁy
rostronements or cancellations were malfunctions due Lo
gircraft maintainence eroblemsy ecuirment failluresy or

software wroblems.

A summary  of  the Tlisght test conditions is sresented in

Table 3.
TARLE 3 — SUMMARY OF FLIGHT CONDITIONS

TYFE SFEED SERVICE
SURJECT Reech 3% 120 Equireed
ATRCRAFT
INTRUDER Cessna 210 165 Uneauisred

WEATHER Vig.>4 mm. Ceiling>3000 ft. Wird at 3000 £L.<35 kis.

ENCOUNTERS Straight & Level Orne Intrudenr



IEST EXECUTION AND OATA COLLECTIION

INIRODUCTIION.

Test execution and data collection are ﬁeﬁeribed i the
following six sections?

o nirborne Instrumentation

o Riodrarhical Déta

o Ground School Trainins

o Flight Nata Collection

o DNata Frocessing

o Data Base Construction
All the data collection activities are illustrated in Figure
3. The test data were obtained by means of examse
auestiornnairesy lodg formse and magnetic tares. These datas

were entered into a comrrehensive dats base for snalusis.

The airborne instrumentation sectiorn exelsins the scoreen
rosition relative to the silot’s evesight and how the imades
diseslaved on the scoreen are rperceived. The thuman  factors

serects of the disrlay are described in detail.

The hiodrarhical datae consist of the aviation exrerience and

certification levels of the subdect rilots.

The dground school training served as a formal clsss for the
subdect silots subseauent to individuasl studwy of the Filot s«

Marual .
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Flight Data Collection

DATA COLLECTION BLOCK DIAGRAM

FIGURE 3

Biopraphical
Information

Ground School
Exams

Manual Flirht Data Collection:
Preflight Exam
Flight Logs
Fncounter Logs
Encounter Debriefings
Flight Debriefings

System Flight Data
Extraction Tapes

Data

Base

Data
Reduction
and
Analysis




The flight dats collection section deseribes the test
flights angd the data collected during @he flights. There
were two categories of flight data! written (manual) flisht
datas a8nd sustem #traction data. Before each flight the
subJect milot comrleted 3 rreflight examr while the observer
filled out the initial rortions of the flight lod. During
the flight the bhﬁerver comeleted the flight lod and two
other forms» the encounter lody and the encounter
debriefing. The encounter log was comrleted during each
encountery and the encounter debriefing was the observer’s
transerirtion of the subdect silot’s resronses to debriefing
euestions ashked immedistelw after the encounter. A flidght
debriefing was comeleted by  the subdect silot after the

flight was finished,

Madgnetic data extraction tares were collected at the Mode §
site for each flight,. These tares contained surveillasnce
informationy timey asircraft identificastion numbersy and the

aytomatic advisorwy service data.

The data srocessing section describes the rrocedure of
reducing a1l the obtaimed dats to a8 format that facilitasted

entry into the dals base.

The data base comnstruction section describes the data base

structure and the rrocess of data entrw and validation.

Fimalley the entire data collection srocedure is summarized,



AIEBOENE INSTRUMENIATION.

A Rendix wealther radsr color disrlay was adarted to disglaw
the TAS and RAS information. A detailed exrlanation of the
disrlaw desidgn is fourd inm Reference 8 bw Lincoln
L.aboratorw. The disrlay was installed in the right
instrument ranel (Figure 4) of & BE-53 Reech RBaromn (Fidure
). The Mode § transronders disrlawy sower surslye and  lodgic
urits were installed in the resar seat area of the BE-55. The
sereen  of  the disrlaw was located srrroximatelw 45 dedrees
from the rilot‘s line of sight in the horizontal slane and
arrroximately 10 desirees down in the vertlical rslane.
Althousth some rerisheral information from the diswrlsw maw be
available to the wilot while scanning other instrumentss
bringing the disrlsy into the osrtimal visual zone (30 dedree
coner see Reference 10) recuired the silot to turn his head.
Insofar 8% the disrlaw is not a srimarwy Fflight instruments
this limitation dis not coriticael. Howevery notice that
hecause of  ite locationy there maw be occasions  when
auditorwy signals would hels alert the =ilot tuv LR COm s

traffic information.

The disrlaw itself subtends a visual andgle of arerodimatelw
7 dedgrees (maximuam) which is  tweical for this kind of

agircraft (see Tabhle 4).
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TakRLE 4 -~ COCKFIT DISFLAY SFECIFICATIONS

Aireraft Yoke to Euwe to Fuwe to Size & ) screen Crew SHize
Tuwe Soreen Soreen Fanel Tuwee Tilt Location VFR IFR

Test A/C Hos@ in
Beech 55 20" 28" 22 Beri N Righit FParnel 1 2
Boeins 727 200 38 32 " Yers Center Console 3 2

Cesans 402 1&° 2o 24 " Yere Right Fanel 1 2

Convair 380 21 34" X&" * Yers Risght Fanel 2 s



Simce  Lhe fovear e resgion of the ewe with highest visual
aeuityy subrtends  an andgle of arerosimatels o desress

(ReTerence 11) ewe movemenls sre necessary in orcder Lo bring

regions of the dierlaw into Ffoveal vision. These movemants
will necessarily e saocesdice (Rmfer@nm@' L2y Areroximatelw
four  saceades  oasn e executed  ser  second  snd il takes
areroximnately 01 Lo 0.2 seconds  exrosure Lo establish
maximal souily (Refwrence 13). Given an wusdate rate of 4.7
seconds on bthe disslawy there will be asdeauste time belween
usdetes  for  dnformatiorn  extraction  snd  intesivation. The
threshold of scuity is sereroximatelw 1780 of & dedgree  Tor
the nmrmél observer (Reference 142 This ise the viswal ansdle
subrtended by arn obdect of 0.0% inches sl & distasnce aof 15

feael., Obviouslur the dSvashical sumbolose and  sleha-numerics

of  the dissrlay are well above thresnold. I terms of

contrast sensitiviltee the modulstion  transfer et ion

eastbimates of sauare wave seatiszl Frecuencies al levels that
arrroximate the disrlay show & maximum  beltwsen 2 aned 10

cweles/dedrae (Reference 18, This e olose  to  the

strolke-widbh valuy

T ad cornseauert s
sugddgests tiat  the diselaws L omot  ortimaly e auilte

adeuaste. : ’

The above descristion of the human  Ffaoctors coharscteristics

of  the disrlaw allows only 2 cosrse evalustion of dts human

engineering srorerties, In serticulary  the nature of  the

chwriami o interaction of the disslsw with the silotes scan of

flight irnstruments and visuasl seene  cannot bhe adequastolw
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assessed from the availshle information. For examsles it has
beern showr (Reference 16) that silots do not  read  all
instruments  in ecusl delteil. This becomes evidenlt when
oculograrhic dats are examined which H5H0W different
distributions of glsnce tLimes for different 1n5trumént$
during simuleted flight. It is imrortant to krnow at  what
level of detasil thevdigwlaw is read., Much of the detailed
information on the traffic sumbol is srobably iﬂndr@d by Line
rilot whose main  interest is  Ffocused o monitoring  Lhe
develoring encounter at &8 higher codgnitive and rercertusl
level and checking for the rresence of the resolution

advisorgys or formulating his own.
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BIOGRAEHICAL DaIa.

Confidential biosirarhical deats were obtained from each
subpJdect rilot. The bhiodgrarhical rsrofile of & turical subdect

wilot is sresented here.

Each selected subdect silolt was giver ) tackdground
information auestionnaire to comelete, The surrlied
information was examined for comsleteness. I anw  item was

found  incomsletey tLhe Torm was returned to the silot for

clarification.

The information solicited bhw Lhe biograrhical dats Torm
includes the followins:

o Aviation c@rtificatimn fmistorw

o Different aircerafl exsrerience

o Filot-irn-Command hours

a Simulator exrerience

Threoughout  the les

srodgram #ilots were identified bhe code
letters onlyy thereby guaranteeinsg confidentiazlite of  the

information.

The 12 rilots that were chosern Tor bLhe test reflect 8 broad
range of adgey educstiony and exwerience. Their ades  ranged
from 30 Lo 60 with an averase ade of 37.4 wvears. The level
of education sranned Trom high school graduation to two wear
sost-baccal saureate dedrees with a mean of 4.1 wears wost
high  school. The rumber of  wears since r@e@iwt'mf first

wilot’s license randged from 9 to 39 with an aversgse of 128
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wears from originasl licensure. The totsl ruamber of hours
flown ranged from 300 to 11800 with an  averasdge of 2016.8
hours  rer #ilot. 0f these hoursy 20 to 5500 wevre in

multi-endgine sircraft.

GROUND SCHOOL TRAINING.

The traiming of the subdect silots consisted of two sartst
self-study by the silot of the Filot‘s Marnuzsle. and 38 grourd

school training session.

One week before the scheduled ground schooly each  subldect
#ilot was dgiven a8 cory  of a8 X2-radge Pilot’s Mamnusl for
self-studwe, The rilots’ knowleddge of the asutomatic advisorw
service was tested by examinaltionsy given at the bedinming
and &t the end of the dground school training  session  which

van from 8330 AM to 113150 AM on October 17? 1980,

During the ground schools the advisorw service wes exelained
ang  the test Flidght rrogram was discussed. The rilots were
esrecially instructed not Lo discuss their osinions  of Lhe
service wWwith one  another, The silots were not Lold how to
unse the automatic advisory service informstions but  were
tald to wuse the informstion thew deemed arrrosrviate durinsg

test flisght encounters,

The dground school exam scores were wsed Lo s=air the subdect
rilots  so  that two silots with similaer scoves would be

scheduled to fly the same sequence of six  Flidht salternse
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gmbs e Table 9

alternating  the order of morninﬂ!aft@rnbmn 1
shows the averase lest scores Tor Lhe wilmt FELTE . Two of
the six saire of rilots were not growsed according o score
hecause of late chenges or  rerleacement. Filot sair  C-L
differed in  their scores bw % roints becsuse Filol L was a
rerlacement for & Filot who ﬁrmwwwd out o the test series.
L]

Filot sair A-1 were "lefltovers" from the originsl sairing

FYrOoess.
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ELIGHY DATIa COLLECTION.

The successful execution of Flidght tesls derended wuron the

weather and  the test ecuirment. A totsl

of 72 Flights (12

rilots flueing & Flidghts each) Was Suece

afully  concluded

from November 14y 1980 to Msw 13y 1981. Durinz Lhe flishts

g totasl of 424 encounters were achieved. The collected dats
were contained in written forms and swstem data extracltion

Lares, I this sectiaon  the execution will be

summarized. The forms which were used to dgather mamnual oatas

will e described.

IESY ELIGHIS. The wmasdJdor factors which could srevent &
seheduled test flisht from beins caervied out were weslher
and  eauirmernt  conditions. Therefores shortly hefore each
Flighnt & fTinasl Confirmgtiuﬁ was  obtained on the Qiﬁual
meteorological conditions  and the orerationsl  status of
various  eeuirsrment  comsonents. After thege it@mﬁ. WeTe
determined Lo be satisfactorus Lhe subdect siloty safetw
#ilots and observers were briefed om the Flight satterne
altitudey asnd flight srocedures. The subdect silol was siver
a8 rreflidght eﬁamy and the observer starvted to comerlete the
flight losg. The wsilots  asndad uhﬁérvmrﬁ then boarded  the
aircralfts and the flisint coordinstor btook his rosition at
the commundications site (called Mode 8 Contralde where he
trandled  communicastions  beltween the sircraft and the Node &
sensar. The aircralt texieds rewmrt@d.ﬁTC assigned  aircraft

identificstion numbersy and the flight bedan. As soon as Lhe
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subdect aircraft reasched s straighl and level courses the
observer comeleted the flisht log. During dach encounter in
the flighty the observer comrleted an encounter los. After
each encounters thé subrJect rilot was ssked &8 series  of
cuestions concerning the conflict situstion Just comsleteds
and the answers were r@carded orn  the encounter debriefing
Torm.e After Lthe Tlight wég finishedy the subdect silot

comleted a8 Flight debriefing form,
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ELIGHI SUMMARY. The tesl seauence consisted of 77 scheduled
flights., Five of these flights encountered sroblems witlh
either eauirment malfunctions or westher changes which

resulted i & deci

sion to abort the Flignt. The 72
successtul test fliﬁhtﬁ'mccurr@ﬁ from November 18y 1980 Lo
Maw 13y 1981y halT of the Tlights bheing in the mornings snod
the other haelf in the asfterncons. Each Flighlt had st least
two  encounters.  Sixte-one (82 rercent) of the Flights had

five to seven encounters. A totzl of 424 encounters  wevre

achieved. Among  bthemy 327 were  elanned encounters which

involved onlw the subdect sivervsft and  the rredesisnsted
intruder airvcraft  Fluins the elanned encounter seometries.
There were 37 multisle airvcraflt encounters which  lrvolved
non-srodect  sirerafte  The rvemsining &% encounters were

g lanned encourcters

invelving either non-svrodect  aircrafte
ar ‘th@ rredesignatedd intrud@r Fluwinsg on wunelanned encourctar
ﬁ@umetrie$¢ The drstribution of all erncounter tures was &6
follows?

@4 (22%)y - Head-on encounters

181 (%3%) e Laﬁ@r&l Ercounters

149 (3%%) ~ Tail-chsse encounters

MANUAL  UATIA EDENMS. Five Torms were used to collect manuasl
fligiht date (Nata Collemtibn Formsy Arrendix B). These were
the rreflisght examy fliﬁﬁt lodgy encounter logy encounter
debriefingy and‘ Flight debriefing. The dats TFrom these

serarate  forms were Linked by the subdect silolt code letter

48



and the rmnumber of the silot s flignt (1 - &),

Ereflidght Exzam. The wreflisht examy consisting of nine
auestions concerning the automstic advisory service dismlawe
was Hiven to the subdect silot daring the sreflidght briefins

in order to test his recollection of the diserlaw sumbolosia.

Eligbl Losg. The flight log was comrleted by  the
ohserver to describe the tlLest Coﬁdiﬁimng of  the Flishty
inclucdinss

o The identificaltion codes of Lhe safely siloby

intruder riloty and observers

o The tures of airvcraft used

o The westher condilions

0 The derarture time

o The time whern the agircraft first resched & stroisht

argd level course.

These date were eeither rsrovided to the observer by the

arerorriate technical rersonnel (e.g, i Lhe of westher

information)ey or were obtazined bw  him virectls ?rom
instrumentation on~hoard the subJdect aircraft. Thve
infurm&ﬂion contained in the flight log mede it sossible to
subseauently catedorize Lthe dats base by such features as

wiloty Flight rnumbery and visibility.
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Evncounter Laog. The observer comeleted the erncounter log

o soribe the conditions anad  events -of  each encounter.

1

This lodg contained Lthe following inTormation?

o Flight les

-

3 Turnulence at the beginmimg of the encounter

oY

0 Twure of encounter (i.e. heascd-one Latersl encounters
or tail-chase)

0 Ture of sdvisories receiverd  Trom  the automatic

BOAVIESOPY SOPVviee

o Evaesive action kern bw bthe  subdect  silot LI

TESFONGE to e contlict %0

tuation  arndg  the

acdvisorl

o Observer s raltings of variows  aspecls of ttie

conflict mwmansgement Dy the  subdect silot such as

altitudse and course maintbasinances instrument . and

axlermal BOSMS . ME@uver coordinationy BN

controly fuel mansdement snd workloscd,

Eocounter lebriefiong. Tmmedistelys asfter each encounter

the observer asked the subdect wilolt & sevies of auestionss
arnd  comeleted an encounter debriefing, The twelve auestions
askhed concerned the silot’s orindons  shoult the ﬁutmmatic
goivisory service Tor  bhe @nﬁmﬂntmrb The asnswers  wWwere
collected oh*hoﬁrd the aircraft while the  subdect silot’s

imrressions of the encounter were still fresth.
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Elight Debriefindg. AL the end of the Flight when the
subdect Filot could reflect om his overall exreriences ne
comeleted a flight debriefing form. This Torm contained
twenty-five euestions in different resronse formats. The

date thus collected was comerised of?

0 The ratings of the utilitwe of the ¢genersl asrects
arndg individusl comronents of the automatic advisorwy
service disrlau

o The evaluation of the relative merits of the

advisory services (TAS amd RAS)

0 The descrirtion of the attitude toward and  the

utilization of the automatic asdvisory service

0o The evaluastiorn of the overall sustem cuality of Lhe

service

SYSIEM DATA EXIEACTION. Madnetic tares were used to record
sustem data st the Mode 8 sensor. The extracted datas
contained:

0 Time and scan number

0o Surveillance rerorls

a Tracked @ircraft rosiltions and velocities

o Traffic and resolulion advisorwy messages sent to the

subdect sircraft.

For most of the flisthlsy coversse was srovided bw the Mode §
sensor at Clementony New Jerseu. In order to  reduce the

swustem loady Lthe redular &0 nautical mile radius coversgde
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ares was reduced Lo s wedde extending from the 90v degdres
azimath  to  the 210 degree awimuth, This wedde-shared ares
did not include the traffic in and around the Fhiladelshia
terminsl control zrea (TCAY. There were é f@w‘ihatances wher
some sustem sroblems hamrered the oreration of the Cl@menton'
site. I these cassess the Technicsl Center site was used Lo

cover the test flishts.

(el
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nDars ERODCESSING.

Refore being entered in the data Daseys the biograshical
datar dground school exam results and manusl Flight dats were
all ceuantified, The sustem data Lares were rrocessed to
extract the aircraftt conflict information ahd the
§urveillanae_reportﬁ of a1l the involved aivceraft Ffrom which
the closest roint of arsroach (CFPA) was calcoculated for each
encounter. Finallyy the flight dste and sustem extracted
data were correlasted so that all the sustem dalts rertaining

to test encournters were colleclted.

MaNUAL DATIA GUANIIEICAIION. The data obtasined manualle in
the biodgrarhical auestionnairer ground school exam and the
Tlight mamnual dats forms were cuantified and entered_ into
the data base. Most of the date recuired verw little
rreraration,. For examrley the LlLemreraturey wind velociltys
and  rating scales could be entered directly into the dats
bhase. The multisle-choice questions and wves or mo  eueshtions
Froouced results  which could s8lso be readilw stored.
Howevery the answers to an "oren-ended® euestion haed Lo be
classified into 21 basic castedgories before thew could be

entered into the dats base.

SYSTEM DAaTla EXIEACIION IAEES. The swustem dats extraction
tares contained the surveillance resorts of all aircralt in

Lhe Mode S5 sensor coverasdge asrea a8 well s  the sutomatic
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advisory service date of those asircraft in  sotential
conflict. To determine Lthe identilw of the aircratt involved
in the encountersy & correlating srocess wes rerformed. This
was  done v examining  two HOLITCES of corvmﬁoratinﬁ

information?

o Plots of aircraft rsositions and Lhe automatic
advisories from the dats tares,.
o Listings of rossible intruder sircrvaft from the dates

tares,

For most of the flishts a ground observer sitting in  Front
of the slan wosition indicator (FFIY screen st the Mode &
site monitored the Fliﬁht ard recorded significant everts in
rrogressy such as the ddentificstion of the aircraflt  in
conflicty the encounter time anﬁ sean numbersy Lhe sutomatic
adviﬁdrw cmnteﬁt§ and  the svstem dats extraction tare

FILIMDe TS,

The slots  of  known sireoralft rositions  and listings of
relstive range and bearing of the irntruder were all rrerared
from the sustem dats tares. These visuasl rerresepnteations
were then comrared with the marnuzl data of the observer’s
lodgs. Usually this simele rrocess of  corvelabtion 4waﬁ
sufficient Lo identife  the intruder asiveovslft which was
‘iﬁvmlved in @ sindgle encounter. Howevery durins an encouanter
& noreesrodect  siveraft wmight be in the immedisle arese andg
cause arn unrlanned or maltirle encounters For the  anelanmed

and multisle encounters  ann exhaustive @

aareh oy all
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aircraft was sccomelished by comraring slote  and srintouts

of #ll relevant tracks.

After all of tnhe sircraft  dinvolved 0 &0 encounter were
discovered and verified by these corrvelastion effortse aotuasl

CFa angd srediclted CPA dats were calculated. The shuml o DF G

is  bhe  minimam  distance beltween the subdect snd inbruder
airveraft during the erncounter. The sredicted CPaS 4o the

mirnimum miss  distance which was erodected by bhe automastic

advisory service bLraclker function during ar encountes.

e o
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[IATa BASE CONSTREUCTIONM.

e . Thie

Im this section the s hae Lructure  is o«

date were entered argd walidated i L

software waes develored to allow retrieval of

data reduction armd anaelusis.

nala BaSE SIRUCIURE. The date base dis comerized of foor

4

distincet filesi biodgrarhicsl

st Tileos

Files grounc S,

all link

files we

Flight data Filer arnd text Tile. Thes

the fFlight daltas

v subdect wilot code numbers. The

file and the text File were chroneolosically ordered, T iy

arn individuasl encounter which wes derived Trom bthe followins

Six souUreces:

o Form 1 Preflisght exam

a Form 2 Flight los

~

o Form 3 Flight debviefinsg

a Form 4 Ereounter los

o Form % Encounteyr debhriefins

o Form 6 Sustem extraction detsas

All  bhe encounters of & sinsle Flight have the same dats in
the first three forms. The dats  Fformat of easch  Tile i

briefle described as follows.
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Biograshical Eile. The bDilosrarhical file conltsined bthe
bhackdground date Tor all 12 subdect silotes The dats for esch
rilot were coded in 3 single B80-column csrd.

Ground School Exsam Eile. fh@ ground schoeol exam  File
contained the scores of each of the two exens Laken bw each
of the 12 subdect Pilptﬁo One score 46 missing  Decsuse one

rilot missed the secordd exat.

Elistht lata Eile. The flight date FTile conlained bLhe
data for 311 424 Tlight encournters.. Fach encounter had  sis

s

forms. The fivst five forms of the msnusl 11

[P A

coded in a fixed length data bDlock contaioming  twentw-Tour
72=coluwnn  lines. The swstem dats  Ffor ezsch encounter had
variable lensth and conmtasined the CFA information (syediotad
CFAy and actual vertical CFA)y  Followed ww & block  of
surveilillance and auvtomatic asdvisory sevvice dalts during the

entire encounter.

IText File. The text file contained 11 the eilot
comments made at the end of each fFlidght. These commernts were
classified into 21 distinet statementss angd the staltement

numbers were used to code the commernts in the dats basse,

After the dats were entereds Lhe dets bhase waes validsted.

]
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SUMMARY

The test execubtion  and st e collection gy e

comerehensive date  hese. The entire dalts collectiorn effort

is summarized in Figure 3. The bhiograshical informatiorn:

grouwnd  Ssohool

s

examsy and manual Flisht da

wWwere codec

AY v

D g The L st aala

entered into the dats he

extraction tares were srocessed to srodoce Flighl eath slobs

ard wosition  listingsy from which the aircr:

Lt by dn

the erncourrter were ifdentified sod contirvmed

fro

withh the marnusl FPlight dstae then the relevant

were exbracted and entered in bhe dats

s Fealors =

analusis was serformedy the s

auidected Lo s

thoroudgh validation.
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DATA BEDUCTIION AND ONALYSILS

INIRODUCTIION.

The data asanalwsis is divided into five mador sections,

1

-~

1 llerendence of Dats on Test Comnditions

o Filot Utility Assessment of bhe Advisorse Servies

-

1 Filot Accerbance of the advisory Service

-

™~

3 Use of the Advisore Service

o Characteristics of the Training Frodgram

The first section addresses whether or not. bhe dats  ave
significantly affected by either the tesl desidHn sarametevs

or those factors outside of strict control.

The gsecornd section examines the pilots” abtinsgs of bhe
utility of the diserlaved informations andg  bthedr ooamments
regarding the information level of the swystem. Parvlticoular

attention is devoted to ramking  of  the ratingse s (ST

effect of the number of exreriences wilth the sutom:

advisory service in stabilizing those rankings.

The third section examines evidence of wmilolt satisfaction

arvd accertance bhased  uron PESE OIS corntained inn Lhe

rost-flight debriefing and the encounter debriefing, Overalld
ratings of the advisory service and of bLhe adiselaaee alorg
with indices of ﬁﬁtisfactiun constructed From sout-encounter
cruestionsy are used Lo determine the level of sabtisfactiun

and the waws in which that level is influaenced by inoeroseirs



exrerience with the swstemy and Dw the different

erncounters which oocur.

Im the fourth section silob behavior and sevformance are
discussed. Data on visuel scouvisibion  are  examined with
resrect  to  encounter twere and bthe level of exrerience with

the service. Filot maneuvers arve axamined  wilh reasrect bo

ol on

the different levels of comeliasnce with Lhe Res

Advisorwy Service (RA8 Yy redicted  riske arcounter

level of  exreriencers and the sevformance Lr masimd

seraration bhetween asircorvafl.

The laslt section srovides a2 analwsis of Lthe methods used Lo

train the silots 1 Lhe use of the swstem. B

RN A 2SN

asgsess the relative effects of & self-sbtudy maeousl e & sgeouwno

sehool training sessiorney anod brnowled

sfeyd re fFrom  acbusl

Flight exwerience witlth the swoten.
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DEEENDENCE OF DéIﬁ ON IESI CONDITIONS.

Withirnm the data amnslusis sectiorny silot s global ratings of

the disrlasye and of the service ave used Lo debtermine levels
of wilot satisfection with the aulomalic advisore service.

In additiony & combined index of silot saetis

soebiorn dws
constructed wusing & weidghted sum OFAP@%POHQH$ to encounter
debriefing ceuestions and the two #lobsl raelings. I wsins
information from these data Lo fTorm COHWiU%iQﬁﬁ? il i
imerortant to determine the dedree to  which bthe dets  sre

influenced by the test conditions.

The test cormditions considered were the factors built drbo

the desisgn of  the Le T OE T Em e ancividasl  Flisnt

satternss the seeuences 1 which the Tlignt satlervrc: wero

flowny arnd the distribution of wmorning aTtermoon Tlights)s
ang those Lthat were owulside of strioct control  lolowd
ceilinge: rande of wvisibilitwer asnd bture of oloud cover?. Thi

fLwo #lotwal ratinsgss the comtrdmed riiens af Lt

-

satisfactiony and five aeuestions fFrom the Flisint  debriel i

(auestion numbers 3y 20y 21y 2% and 24) were tested o

i
i

these conditions wsing btrernd snaluesisy analuse af wariances

t-testasy and contingency tables,

There were three rossible derenderncies seen in Lhe anal

1. the dlobeal rating  of the disslawy showed 3 signdficanth
degree of variation with flighl sattern sequencer 2 Lieie
was a slisht tenderncwy Tfor Lthe wilots Lo exrress sirester
confidence in the resolution asdvisories (uestion 23 of  Lhe

&1



Fflight debriefing) when the cloud ceiling ws

N . oo . . 5 .
Towers andg 2.

bhoth the =slobal ratings aha Lhe comix i

qreie ot

Liver )

satisfaction showed 2 tendency to incresse

more overcast. The latter two lLendencies were

0N

insrectiaorn of the datae ot WE T e ricr k. @

significant below the 10 rercent level., On the obther hanode

the wvaristion i =mlobsel s ] s vat s resultinsg From

attern  seuences witlile

Latideticsl e

griFicant (F= 4,

F- 0.085)y ds more likelw to reflect differences beltuween Lhe

silot  raire  Tluing the different =attern secusnoes Lhaen

differences in the Flight rsabtltern seauences themselves. This

arrarent derendencs wasy thereforey discounted as & VE IO

avert.

This deneral lack of sisgnificaent deserndencid i ocastes thaet

L.he caunter-balasncing jers

1 (latin  sausece) Eec was
succeesstul in elimineting swvstematic dalts derendenciess EINTA]

the meteorological Timitations imeosed on bhe Flights wvere

asufficient to avoid mador yencdom derendencies

I additiony 811 of the encounters were sdbdeclt  to Lhe
following three constraintss
1. No vertical vrate  or maneuvering  enoounlters were
Flowns,
Qe No slanmed mulltisrle siveraft encounters were  Flaown
(X2 unslanned mulltisles ocoured),
3. The intruder siveraflt were mol eouiseed with‘bth@

auntomatic advisory service.




The test

constraints

results

not

bean

may have

11

effect.

a3

e e

different

fredd



BEILOT UTILITY ASSESSMENT OE IHE aDVISORY SERVICE.

INTRODUETION. In the course of the sost-Plight  debhriefings.

the subdect si1lobts rated the ubtilite of 11 distinct festures

of  the disrlaw, ALl ratings were made on & tern-soint

aley

rarnging From the lowest rating of O Lo bthe highe

value of

D Filots” ratings  of the di

laved dalte were examined Lo
determine what information wes wused by them to manase midair
éncount@rﬁ during the Flidght test srogram. The analwsis 18
divided imto the following four swubsecltions.

o Ranking of Pilots” Retings of Disslsweed lDalas

o Varizgbility of the Fk

slings

o Stabhility of DMesslawed D

Rankinge  with Flisint

NMumberr
o Information lLevel
I the first subsection the disslasved date ore  vanked  in

aorder of lLheir averadge vabing Do bhe esilots. This ravds s

rrovides arn assessment of the relaetive worth of bLhse  wvarious

information comeonents of Lthe disslaw.

In the  second  subsectiorn  an srnelwsis of vavilsnce iz

serformed Lo determine the mador sources of  wveriebilile Lo

the silots”’ ratings. The fzotors "Pilob«" "Flisgnt Moamiers"
Tiselaved Natae " arnd the two-factor dinteractiaon: bt e

these are exemined.

I the  third  sub

ection  the disrlaved dalts rebtindgs are
ranked Tor everwy Flidht number in  ordev to delbevrmine  How
mach exrerience 1is necessare Lo stabilize silot osindon of

Lha
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the relative value of disrlasuwed data.

I the last subsection bthe  arnswers  bo bwo i ferant

auestionsy soliciting essentially tLhe s LriTormnstiones are
used to determine whether the level of disslaved infTormelion

was insufficient or surerfluous. Alsoy silols’ ressonses

o
the ‘oren-ended" auestiorn aulimg for commernts  and

sugigestions are examined to determine Winieh el i

features of the disrlaw thew did or did mot like.
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RaNEING OF PBILOISS RAILINGS OF DISEL&AYED Dala. Duestions &
Lhrousn 16 on the seast-Flight debriefing ssked bthe silots Lo
"Rate (0-9) ezch comsornent of the Lyaffic sdvisorye soeyvios

i terms of how wseful Lt dis to wou dir mansdginsg an encounternr

situation?" It was exslained Lo the silols that 9 wes the
trighest rating and O was the lowest. Table & shows the means
of the ratindgs Ffor each of the disslawed dete over all  F2

test Plightsy with the diselaswed date Listed in the ovdeir of

theivr mean rated sreference.

IABLE & - RANKING OF ADVISORY SEEMICE DISELAYED DATA

NUMRE R
OF DaTh MISHING MEAN

NISELAYED DATA EOINTES NnaTa BATING

Relative Altitude 732 O e
Basic Traffic FPosition("™" Sumbol) 72 Q ]
Relative Motion Line Pt QO Pl
Ramndge Ring 72 Q 7.0
Foint of Closest Arsroasch 72 O b9
Resolution Commani 72 ' 0 é?ﬁ
Vertical Seeed &4} & 7 Goa 4
Tréffim Course Traclk 732 {1 & e 4
OQut—~of-Rarnste Trafiic (A" Swumbol) 43 2% 5.8
Turn Status 70 : 2 NP

Owre Aircratt Course Track 72 0 el
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It dis  arsarent Ffrom these ratings thael the most sorulsy

disrlaved date sre  Lthose Lhat  dive i informsbion

regarding  the rosition and relstive moltion of the intrudery.
The rating of Vertical Sreed informastion maw  have Dheen
different if vertical rate encounters tad besen sart of Lhe
testy howevery all encounters Flown were essentizllie in  Lhe

fhiorizontal slane. The rating of the OQut-of-Range Traffic

data was omitted From most of the statistical  anael
described below bDecause of dte larvdge rmumber of missins
values, The silots often omitlted rating this festure bDecasuse

it rarely occurred.
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UARIABILIIY OF IHE EATINGS. The raw ratir

of Lhe remairdns

10 disslawed dala (after the omi of Dut-of-ks

analwsis

T

Traffic dets) were sut through & resspsted-me

of variance. Since ornle 10 of the 720 sossiinle

Oy e e Were

missingsy Lhe REIRER]

(e pmbvalance dn

rereatead-me

2uures desisng may e waived. Beos

G omade e 12

samrele dnvolves ratings of 10 dissrlswed dstl
silotsy over 6 flishbs ser silobe Lhe srimnasre  sources  of
variability exsmined are "Disslaued H&ﬁ&p" Flight Numbere”
and "Filot." Variances resulbting Ffrom eith@f o f Lhé Firstl

two factors are swstemabioy due to  Lthe des

s of hhe
automatic advisorwy service and  the  fFlignt test  srosvams

while variasnce resulting from "Filot® is rendom due Lo bhe

random nature of subdect silolb zselection. Tt Fouundg thal

these three R I R0 factors arid Lhedr two-factor
intevactions account for 7% rervcent of  the wvariabilitlw L1

the ralidns

sy Lhe vemasining 20 seorcent Dedrng albrituab:

residual error resulting From unidentified sources. As Lhe
lawout aof  the amaluesis  ds moderatelw mumwlwxy. it i.s
convernient Lo sresent the results in & summarwe tabile. Tatle
7 gives the values of mean-sauared evror resulting from each

factors the Fe-ratio de

criinsg bhe s

viticance of eacn
FTactorsy and the P-value describing the srohbebility of  the
resullt  ocourring by chance. Since vavience resulting From

the interaction of & sustemstic factor andg a aridom tor

16 itself ravciomy the sources of vavisnce involving bLhe

factor "Filot" are all considered random.
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IaBLE Z -~ SOURLCES OE VARIABILIIY IN DISELAYED Ialéa KATINGS

SOURCE OE VARIANCE DE MN S0 E RATIO E-UaLUE SIGNIEICANT

DISFLAYED DATA (8) 9 70.62 686 <0, 0001 YES
FLLIGHT NUMRER (8) ] 3,36 0.91 .50 S ND
FILOT (KD 11 &4, 69 33.35 0. 0001 YES
DATAXFLIGHT (5) 4% 1.97 Le1 0445 NO
FILOTXATA (R) k4 1030 RSt “0. 0001 YES
FILOTXFLIGHT (R) | 55 3.71 L.21 20 QOO TES

RESIDUAL ERROR (R)Y 485 1.94 e e

IIF= DNedgrees of freedom Fe= F odistribution Fraz Featati ]l it
(5) ~ Sustematic {R)Y — Random
The estimated mesn-scuare for "Filol" is hisghey as  would be
exrected from a trulw random semele. The mean-seuared error
for *FilotkDaste® is large indicatindg & significant degree of
veriation among the rsilots in  the rating orvder of  their
sreferences for the individual disrlswed datey which in turn
contributes to the estimated mean-seusre of the Fsctor
"Nisrlaved Date." When Ltesled against "Filot¥lDatars " howevers
the wvariabilite wrdeue to "Disrlawed NDsta" R s ] e
reliable statisticallw (F= 4.865 DF= 9,995 FI0.00013, This
histh variability attributaebhle Lo "Disrlaved lDats" indicates
that rilots are mak i s wicle ranging anod o variasble
discriminations in their assessments of  the value of  the
avtomatic adviﬁdrw service. Aside From Lhe vandom variance

comonents for "Filotsy " FilotbkFlLisghte" are "FilotxData®
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(all of which ave significant): the msin effect of

"Tisslaswed Data® is the only s

smatic variation i these

data.

The absence of sne main effect of "Flisght Numbers® or of the
interaction “"DateXFlighte® is more interesting,. The Taeilure
of "Disrlaved Data" to dinteract with "Flisht Numier "
indicates that the rreference srofiles are conﬁi%twﬁt BOTOSES
"Flight Number." There is no evidence of anwy consistent

terndency for date that were imndtiallw r:

acf trighlye to

decrease in rating drasmeticallay or Tor initiasllse unsosulsr

vdate Lo advance sireatbtly in rating as exgerlienos Lo ress
Fidgure & rresents  the mean vatings For the datar asverased
over successive blocks of two Tlisthlse ard shows  bhat  no

diselaved dats s

ained or lost more thanm ome vaeting soint.

The laclk of interaction betweern "Disslawed Deta" and "Flisht
Number"® also shows that an observed abhsence of anw trendg in

the combined means of  all 11 disrlaved

valo s
believable, The combimed mearns of all 11 ratings for the six
flignt rmumbers srey in ordert? $.4r 6.6 65 7.0y & 5y and

6)&6)6
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(BLOCKS OF TWO FLIGHT NUMBERS)
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FIGURE 6 - RATINGS OF DISPLAYED DATA
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SIABILITY OFE OISELAYED DAIA RANKINGS WITH ELIGHT NUMEEE. The
stabhility of the ratindg rrofiles was examined by  converting
the mean ratindgs for each Flight mumber Lo ranks. Table 8

exthiibits the rankindgs for the cix flidght rumbers.

IABLE 8 ~ RANKING OF DISELAYED DATA RY ELIGHT NUMBER

ELIGHT NUMBER

«

LDISELAYED DAIA 1 2 3 4 5 SUM

[

h?

Relative Aaltitude 10 10 10 10 10 1x &0

iy

Bagic Traffic Fosition S.0% 9 Q@ g k4 9 HOLEH
Relative Motion Line 8 e 4 7 8 g 40,5
Range Ring 3 et &8 a 7 7 38.5
Resolution Command @ 3 & 4 5 W X7
Foint of Closest Arsrroasch 7 7 3 & & &
Traffic‘COurﬁe Track G0% 4 7 3 4 4 27.8
Vertical Sreed 4 3 i 3 3 Kt 23
Turm $ta£ug 1 2 1 2 » 2 2 10
Owrn Aircraft Course Track 2 1 2 i 1 1 8

X The value 9.5 indicstes a tie.

A dglance across the tor rows of Table 8 shows that the
disrlaved dats that rilots consistenltly FTound most useful
reartain to basic information redgarding  the locstion  and
relative . mot i on of Lhe trrbruder. A1 intevesting
characteristic of these data is bthe decline in the relative
ranking of  the RAS featurers "Resolution Commande: " which
started out as omne of Lthe most hidghly ranked datae  anad
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steadily fell to Ffifth slace i the ranking. Most of the

other disrlawed data rankings were relativelw stable.,

To investidate the stabhility of the rankingss the Kendall
coefficient of concordancey W (Reference 17)y was
comruted, For the six flisght rnumbersy  that coeefficient
eauals 0,82, The most straeightforward waw to interrret this
descrirtive statistic is to convert it into an  averase of
rank-order correlations among flight numbers. There are 19
rossible rairings among the flight mnumberst 1 with 2 throudh
6% 2 with 3 through &y and so on. The result above imerlies
that the mean renk-order correlation for all 1% esirinss
would be 0,78y indicating a fair smourt of stsbhilily scross

all of the flight rumbers.

As mentioned beforers o trend is seen in the magnitude of
the combined means of all 11 rvatings for esch Flight rambers

tut there is am obvious effect of time uron the

the rankings, The columns of Table 8 thal corvessond to  the
firet three Fflight numbers exhibit fluctastionsr whereass Dw
flight rnumber foury the rankings are virtugllw faal AN
concrete." For the first three fligsht numbers as 8 wnity the
concordance coefficient W is 0.79y idmelwing &0 averasde
correlation of 0.468 for the three wossible rairings. For the
last threey W is 0.98y and the averadge correlation asmong
flight numbers 4 throusgh 6 is 0.97. This stebhility suddests
that four flights with the advisory service are sufficient

to stabilize wilots’ attitudes toward the variouws diselaswed
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data.

INEORMATIION LEVEL, Orme of the most striking results of  the
rost-Tlight cdebrief i was  the lor-sided madority  of
resronses Lo a rarticular auestion which wase in effects
asked twice., Whern wilolts were ssked "Would anwe additionsl
traffic advisory information be useful to wouw  in decidins
what or what not to do?" 86 rercent of the resronses weres
NO. There was an arearenly bt ot statistical lv

significanty tendency  for ne

fative answers to become leé

rrevalent as the rilots gesined exrerience with the swslem.
When Lhe euestion was sult i Lhe  form? "Was Lhere
urmecessary information dissrlaved?" the overasll resronse was
constant at 72 rercent YES (see Fisgure 7 without
srecification as  to  the unmecessary elements,. The bottom
rows bf Table 8 wrovide some suidance as Lo what informetion

is seen by the subdect silobs as unneeded.

I order to determine what features the silots srecificallw

did not  likes Lhe Trequencies of the resvonses Lo auestion

27 of the flight debriefing {(*Can wou susgdest  anw  mods  or
imerrovements i the diserlau?") were exemined. The subJdect
wilots answered this auestion in text Fforms andd the commenls

were extracted and clessified into 21 distinet statements.

The frequencies of the commernts are given in Tahle 9,
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TARLE 9 - FREQUENCY OF FILOT COMMENTS

Number of
Flisghts Number of
, Comment Filots Who
COMMENTS Was Made Made Comment

o} REMOVE THE TIC MARKS 3 2
02 REDUCE THE INTRUDER SYMBOL TO THE RaSIC "+° 21 10
03 SOMETIMES THERE I8 TOO MUCH CLUTTER 16 10
04 MOVE THE SCREEN CLOSER TO THE FILOT 3 G
05 ENLARGE THE SCREEN , 4
04 MAKE THE SCREEN SUNLIGHT READARLE 14
07 THE THREAT SHOULD EBE RED 5
08 THERE SHOULD KE AN AUDIQ SIGNAL TO ALERT THE FILOT OF A FROX 12
0y THE X" AT THE END OF THE FOINT OF CLOSEST aAFFROACH 2
SHOULTD BE A DRIFFERENT SYMEOL
10 I RECIEVED A LATE ADVISORY THIS FLIGHT 1
11 THERE IS TOO MUCH INFORMATION IN TOO SMall. OF AN AREA 2 &
)
%

[N S R SR RN I 16

12 THE *4% """ T0 DENOTE VERTICAL DIRECTION Wat GOQD 2
13 THE AOVISORY AREA SHOULD BE INCREASED
14 THERE WAS A& LOT OF DVERLAFFING

15 THE QUT-0F-RANGE SYMEOL NEEDS TO RE USE
14 oA TIME FILTER ON TATL CHASES WOULD HELF
17 I RECIEVED A BaD COMMAND THIS FLIGHT

18 T WOULD LIKE TO SEE ATARS OPERATE IN A BUSY ARES

1% THERE SHOULD BE & COUNT DOWN TO TIME OF CLOSEST AFFROADH
20 THE THREAT SHOULD BE FLASHING

21 NO COMMENTS : 1.é 1

TOMORE OFTEN
ALOT

B

sy s .
RS R A i CIR A e
Led i el P o

PN b )} B3 £l o:

-
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Some of the figures in the column “Numhervof Flights Commert
was Made® mau seem artificiallw high due to individual
#ilots rereating & single comment orn a8 rwumber of flightss
therefore a second columm  "Number of Filots who Made

Comment® was included.

Looking at the commenls thatvw@r@ made by more  bthan  three
#ilots narrows down the list to five mador items (comment
numbers 02y 03y 04y Oéy‘and 08, Moslt of the #ilots (83
rercent) made nedative comments eoncérninﬂ the ihformatian
regarding control and euirage of the intruder airvcraft
which audgmented the basic traffic swmbol (& "+%) and the
elutter" associsted with the encounters Lthat were close
ernousgh  for the sumbols to overlar, Additionallwy 50 rercent
of the silots indicated thal there should e an audible
sidnal of some kind to alert the silot of & sroximate

advisory,

Other comménts were directed toward sroblems in resding  the
disrlaw in dirvect sunlight and the rosition of Lthe diseslaw.
Commenrnt number 17y "1 received a bad COMMaNH. .o WaS
aamined seraratelw, It was found that in 3 of the 4 cases:
the resolution advisorwy rrovided to the rilot was asafe and
arerrorriatey but  the subdect rilot was not satisfied. The
fourth comment was in ressonse to a bad commard caused by &
three aircraft encounter. Since the RAS used in these ltests
was not desidned to handle multirle aircraft encounterss

this was a8 limitation and not & Tailure of the RAS logic,. Mo
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statisticallw significant imract on results bw these 4 cases

was obhserved,

SUMMARY . I the course of the rost-flight debriefingss the
SubJect.Pilots rated the utilite of 11 lkinds of disrlayged
data. All ratings were made on g Len-roint scaler ranging
from the lowest rating of O to +the highest value of 9.
Filots”’ ratings  of  the disrlaved dats were exemined to
determine what information thew found wsefal in maosdgiog
midair encounters during the Tlight tLest sromram. The
analusis was divided into four main subsections.

0 Ranking of Filots’ Rabtings of Disslawed Data

0 Variabilite of the Ratinss

o Stabilite of Disslawed Dats Renkings  with  Flisht

Numbe r

o Information Level
The first thiree subsections ex&mih@d tire rankings
variabilityy and time-stability of the ratings. The general
results  are  that the subldect =ilots showed the eyt
arrreciation  for the basic elements of the Tag which dive
information about the sosition and relastive motion of the
intruder. The RAS was dmitially orne of the most hishlwe
ranked features hut declined stesdily Lo fifth slace in  the
rost-hoc  ranbing by the Fifth flight experiencey indicating
a8 distinct rreference for the TAS Features over the RAS.

Nifferences between the disrlawved data and those bhetween the

Cindividual  eilots themselves were the mador  sources of
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variability in the ratinds. Thé rreference rrofiles for the
disrlaved dats were basically inderendenlt of the level of
exrerience with the advisory service., Althoush th@' rarlkdnss
showed some change through timer thew were virtuslly Fixed
b the fTourth flisght exrerience. This rrovides some evidence
that four flight exreriences with the service is sufficient
to stabilize rilots’ working attitudes toward disslaswerd

information.

Using two different cuestion formatse the rilols were ashed
atout the level of disslawed information. The overwhelmins
madority of responéeg indicsted that too much information
was disrlawed and that no cruciasl information was lackins.
Had multirle or vertical encounters been inmlud@d i the
test scenariosy the milots maw have needed and wsesnted more

of the disrlaved informatiorn.

Filotsy resronding to am "oren-ended® auestion ssking for
sudgdestions and commentsy exrressed 8 desire for s reduction
of the traffic sumbol to its basic form (s "+") and for &
reduction in the amount of clutter. Additionasllws 50 revcentl
of the silots indicated that there should bhe an sudible
signal of some lkind to alert the wsilot of a rroximate

agvisors.
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EILDI ACCEEIANCE DE TIHE ADVISORY SEBRVICE.

INTRODUCTION. The rast-FTlight debriefinsgs are Lhe
debriefings +that took rlace in the cocksit subsecuent to
each encounter contain information that bears on the central
issue of how highlw the =ilols Aregard@ﬁ Lie service. The
analuses of these dats on satisfaction and accerlance are
divided into the following subseclions.

o Flisht ﬂebriefihg

0 Encounter Debriefing

oy

Combined Index of

=}

Filot Satisfactiqn
o Encounter Twre and Satisfaction

In the first subsectiony dlobasl ratings of the disrlaw (8.
sizey legibilityy and colors called R1IY and of the sutomstic
advisory service (TAS and RAB) as & whole (R2) contained on
the flight debriefing are examined to determine the level of
satisfaction eMrresser after each Flight., Differences
between these two global ratings and their derendernce on the

numbrer of flights with the advisory sevvice are examined.

Im the second subsections resronses to four aeuestions  from
the encounter debhriefing sre added for each encounter ir a
rarticular flight and averadged over all of the encounters in
that flight to creste am inde:x of satisTaction (81) that is
based omn encounter debriefingdgs. The characteristics of this.
index are examined with resrect to level of resronse and bhe
waw in which that level changes with the rmumber of

QHW@Pi@ﬁQQQo
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In the third subsection a8 combined index of silot
gatisfaction (52) is formed from both the #global ratings R
and R2y and the encounter—~based satisfaction index 81. The
82 index is analuwred as a function of level of exrerience
with the advisorw servicey and is also comrared with the
rreflight exam scores to identifwy Lo what desree anw chande

is attributsble to increasing fomiliarity wilth the sustem.

In the fourth subsection:s resronses to the four auestions
that were used to Construct 81 are sverased over individual
encounters to construct & ser-encounter incies: of
satisfaction (83)., This 83 index is examined as & function
of encounter ture (Head-on (HD)y Lateral encounter (LE)»r and
Tail-chase (TC)) to determine whether or not the rosition of
the intruder relative to the subldect airvcraft influences the

rilot‘s setisfaction with the advisory service.
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ELIGHY DEBRIEEING. The wsost-flight debriefings asked for
ratings of the disrlaw (euestion 2%5) and of the advisory
service a8s a whole (auestion 26),., Over the 72 teslt flights
both dlobal ratindsy (called R1L and R2 resrectivelw)s randed
from & mirnimum of 3 to a maximum of 9. The averasse ratings
for bhoth were auite high! the grand mean for R1 was 7.06y
with 2 standard error of 0.17y and for R2 Lhese shtatistics
were 772 and O0.14, For esse of sresentationy Uthe
time—~course of these global ratings is  given in Table 10
broken down by bhlocks of twe successive Flishlt numbers. Each
aof these means is based on 24 observationsy hence Lhew are

somewhat more stable thanm the means for individual flights.
IABLE 10 - MEAN GLOBAL RATIINGS 0OFE IHE SERVICE aND IHE DISELAY
BLOCKS OF TW0 SUCCESSIVE ELIGHI NUMEBERS
FIRST MIDLE LAST AlL &

DISFLAY (R1) 667 7.08 7.42 7,06

SERVICE (R2) 7.29 7.83 8.04 772

All of the anove means are satisfactorily high and  the
tendencws  of both sets of means to increasse is statisticallw
reliable. A rerested-measures analusis of variance of these
date wielded 38 residusl mean-sauare for error of 0.52y on 55
OF. The difference between the grand mean for R1 and that
for R2y thousth slight in magnituder was highly 5iﬂnificant‘
statistically (F= 9.,6% DF= 1lylly F= 0,01), The urtrend for
toth raltings across the six flights was also statisticallwy
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significant (F= 2.,91% DF= 5,558 P= 0,02). The interaction
between ture of rating and fliﬂht_number did not areroach
statistical significance (F < 1)y indicating that tﬁé'growth
curves as a8 function of flight number were essentisllu
rarallel for the two ratings. The observed trend in means
averaged over both ratindgs was monotonic as shown in Table
11y indicating that satisfa&tion with both asrects of the

sustem increased comstantlw.

TABRLE 11 - AVERAGE MEANS FOR GLOBAL RATINGS

AS A FUNCTION OF FLIGHT NUMRER

1 2 3 4 5 4

(R1+R2)/2 .75 7.21 7.33 7.G8 7.71 7.7%
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ENCOUNIER LDEBRIEEING. lats obtained from the debriefing that
oeeurred after BVE Ty encounter contain additionasl
infmrmatioﬁ beasring uron #ilot satisfaction. In constructing
an encounter-hased ihdex of satisfactiony (called S1)r  the

following four auestions were seen as most relevant.

Nic the disrlaw light ure in time?

4

Question

Buestion 6 Did the threst asdvisorwe occur too earlw or
too late?

Question 7 Did wou Find Lthe TAS and RAS1 wuseful in
avoiding traffic?

Question 19 Would wou rather have the [TAS8 and RASI
advisories or traffic controller

advisories? Roth?

These four cuestions were chosen orn the basis  of  their
content validitu. Im rarticulary an answer tm any of them
that denoted disfavor toward the service would roinl to some
genuine sroblem,. The rossible answers "Noes the diserlawy was
tardy i arrearings"  or  "Novs the service was no hels at
a&lly® provide amrle orrurtunity to vertilste dissatisfscltion

with the sustem.

The $1 index was  constructed wusing & weidghted sum  of
TeSHFONSOS to  the four acuestiorns. Tatxle 12 shows Lhe

weidghting used,.
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TAELE 12 - WEIGHTING OF THE ENCOUNTER-RASEID

INDEX OF SATISFACTIONs S1

QUESTION NUMEER RESEONSE WEIGHIING
SAIISEACIORY= 2 UNSATISEACTIORY= ~1
9 Yes= 2 F.Nom -1
6 OK= 2 Late/Earlu= -1
7 . Yeg= 2 | No= —~1
15 The service or Both= 2 ATC alone= -1

For each encounters these values were summed across the four
auestions. The sum wes then averaded over the erncounters
that occurred during the flidghty» and thsat averadge was stored

in each flidght record as variable S1.

Refore sresenting summarw data on 81y it might be well to
exhibit concretely what the discrete values of it
constituent sums rerresent, Table 13 shows the meanings of
the total "score®” for an encounter (disredardindg the rare

missing value).
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TARLE 13 -~ MEANINGS 0OF THE SUMS OF

THE ENCOUNTER DERBRIEFING QUESTIONS.
SCORE MEANING

8 All four satisfactorwy no unsatisfactorw
b Three satisfactorwyy one Qnﬁatiﬁfacturw
Two 5atisfacﬁmruv two unsatisfactory

~1 One satisfactorwy three unsstisfactorw

-4 All four unsatisfactorw

Table 14 sresenlts summarw statistics for 1.

TABLE 14 -~ SUMMARY SIATISIICS FOE ITHE ENCOUNIER-RASEI

INDEX OF SATISEACTION, 81

ELIGHT N MIN MAX MEAN STDh EERRE
1 12 L7 8 DeBHh 0,58
2 12 3.2 8 606 045
3 12 2.8 a 6.11 | Q.47

4 12 el 8 7,32 0.24

i
3

.
*
.
g
o~
LES)
~N
->
o
ra

0.24

6 12 5,3 8 7,08 0.6

Tablé 14 exhibits charsclteristics that are common to these
data and the mean sHlobal ratings in Taebhle 10 (R1 and R2). As
beforey there is an ustrend across flight numberss  which
flattens out around the Fourth flight. This srovides more
evidence that four flights is sufficient to stabilire wilot
orinion of the advisory service.
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A glance at the maxima and minima reveals another common
characteristic?! the imrrovement over time stems rrimarily
from the elimination of unfavorable reactions. Qn the first
flighty the individual who is least enamored of the'adviﬁoru
service emits an avérage of Just over two unsatisfactorw
resronses  rer  encounter (score of +1.7). By the fourth
flight mo rilot averades as much as one wunsatisfactorw
resronse  rer encounter (3811 scores excoeed 3). Thus the
dgerneral urtrend seen consists srimarily of the truncation of
the lower tail of the distribution of reswonses;k a4
dissatisfactions are eliminated, On 31l flight rumberss the
maximal observed score is the hidghest attainsbley and the
distributions rer flight number tend to concentrate at Lhe

high end in the latter stades of the flight test wrbﬁram.
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COMBINED INDEX OE EBEILOI SAILISEACTIION. A combined index of
=ilot satisfaction (cslled $2) was Tormed from 2 scsasled sum
of the dglohal rating of the diﬁplag Rly the &lotasl ratinsg of
the advisory service RZ2y» and the satisTaction index bhesed on
the encounter debriefing 81, The R2 index, owing Lo its
smaller wvarisbilitw and the nasture of itslcmntentr received
a weidght of 2. The 82 index has been scaled to & ceiling of
100, Table 1% exhibits the descrirlive statistics for this

indest.

IABLE 15 - SUMMARY SIAIISIICS EOR ITHE COMBINED
INDEX OF EILOYT SATIISEACTION, 52
ELIGHT N MIN MAX MEAN SIh ERR
1 12 33 28 731 G2
2 12 47 P9 795 4.1
3 12 _ 65 99 81.5 27
4 12 &9 100 86.8 2.6
9 12 76 P9 87.2 2.0

é 12 v 66 100 87.5 2.9

As beforesy a consistent and staetisticallwy reliable urtrend
is  seern (F= 4,427 DIF=  %5,5%; PF= 0.002)y which reaches an
aswmrtote of around 87 rercent at the fourth Flight rumbeaers
imerleing  that silot orinion hes stabilized bw the fqurth

flight exrerience with the advisorwy service.

The results from the sreflight exoem show a similasr wusrlbrend

which can  be attributed Lo incressing familisrizsatiorn with
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the advisorw service., Table 16 shows means for each flight

number with 8 msximum sttainable score of 18,

IaBLE 16 -~ MEAN SCORES OFE EREELIGHI EXAM
EDE EACH ELIGHI NUMEBER

ELIGHI NUMEER
1 2 3 4 5 &

15.7 15,8 16.7 17.1 17.2 17.1

Obviouslgy no dreat interrretive weight can be rlaced uron 3
trend such &8s this whichs althoudgh statisticallwe reliasble
(F= 2,54% IF= 5y545 P< 0.03)y shows such a8 limited dunamic
range, The urrer limit, asbout 17 (adgainy reached by flight
number 4)y reflects less than one error rer Fflight in the
nine asrects of the advisorw sevice which the exam exrlores.
The slight rrodress seen in these mean scores srobsbly stems
solely from the elimination of the few rilot errors that
were seen initiallg. The Pearsﬁn #roduct-moment correlat;on
between the exam scores and 52 is 0.58 which imrlies that
about one-third (0.38 seuared) of the variation ir
satisfaction is associated with increasing familisritwy with
the advisory servicer insofar as that familiaritws is

reflected in the scores of the rsreflight exam.
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ENCOUNIEER IYEE AND SAIISEACTION. Of the .424 recorded
encountersy 924 were classified as Head-on HO)» 181 as
Latersl (LE)y and 149 a8 Tail-chase (TC). The TesFONSes to
the encounter debriefing form are now examined as & functioﬁ,
of encounter ture., The discussion focuses on the four
euestions which were the comstituents of the encounter-hased

index of satisfactiorn 51.

Question 9 Did the disslaw light ue in time?

Question 6 Nid the threat sdvisorw occur too earlw or
too late?

Question 7 Did wou find Lthe TAS and RﬁSJ useful in
avoiding traffic?

Question 135 Would wou rather have the L[TAS and RASI
advisories or traffic controller
advisories? Both?

Tables 17 ~ 20 show the resronses Lo these auestions hroken
dowrn  into the three encounter tures, The column "TOTAL®
shows the number of encounters in that encounter ture for
whieh the auestion was answered. The rumbers in the two
columns for the resronses Lo the auestion are rercentages of
that total number. Thusy the entries in the first row of
Table 17 sidgnifwy that answers Lo Question % of the encounter
debriefing were recorded om s total of 89 HO erncounters. OF
these 89 answers 13.%5% rercent (i.e, 12) were NOy and the
remaining 86.5 rercent were YES., Data in the second and

third rows have the same structure for LE and TC erncounters.
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IABLE 12 - ERESEONSE I0 QUESIION 5 (DISELAY TIMING) AS A

EUNCIION OF ENCOUNIEE IYEE

ERESEONSE

(X 0E IOIaL)

IYEE ND YES IDIAL
HO 13.5 86,5 89
LE 6.6 ?3.4 169
TC 3.5 96,35 149
(CHI-SQUARE= 8.54F DF= 2% P 0.02)

IABLE 18 - RESEONSE IO QUESIION 6 (ADVISORY TIMING)

AaS A EUNCIION OFE ENCOUNIER IYEE

EESEONSE

(%X DE IODIaL)

IYEE EARLY/LAIE OK IDIal
HO 23.6 76.4 89
LE 14.6 85.4 151
TC 11.3 88.7 133

(CHI-SQUARE= 6.34F IF

it
rJ
-

F 0.08)
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IAaBLE 12 - RESFONSE IO QUESIION Z (USEEULNESS OF IHE

SERVICE) AS A& EUNCIION OE ENCOUNIEER IXYEE

RESEONSE

(% QE I0TAL)
TYEE ND) YES TOTAL
HO 11.4 88. 6 88
LE 9.4 90. 4 167
TC 1.4 98,6 139

(CHI-SQUARE= 10,73F DF=235 FI 0.00%)

IABLE 20 -~ RESEONSE I0 QUESTION 15 (SERVICE V5. AIL) AS A

EUNCTION OF ENCOUNTEE IYEE

IYEE AIC SERVICE OR BDIHv IoraL
HO 1744 B2.6 86
LE 743 P25 159
TC 1.4 ?8.6 » 139

(CHI-SQUARE= 19.5% DF= 2% FP< 0,0001)

The Fesrson Chi-seuared sltlatistic thal asccompranies eaeb
table tests for the existence of a statistical relationshis
tetwesn encounter tyre (HOy LEy or TC) and the distribution
of resronses  to  the aeuestion. Resronses to all  four
Cauestions are sisnificantly relsted to encounter ture., The
nature of the relationshis is evident from insrection of the
tables, The freauency of resronses Lo each auwestion which

are unfavorable to the advisory service is never grealy  buat
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that freuency is iﬁvariahlu‘ less for LE than for HO
encountersy and still less for TC than for LE. In terms of
favorable resronser the encounter tures are consistently
ranked in the order tail-chase first, latersl seconds andg

head-orn third,

Since the ranking of encounter ture in each of the four
auestions was so consistenty it was decided to combine Lhe
four auestions into a8 single index (called 83) whigh would
reflect satisfaction on a rer-encounter hasis. The 83 index
was constructed using a weighted averade of the resronses Lo
the four cuestions., Table 21 shows the weidghtings for the

rossible resronses.

I6BLE 21 ~ WEIGHIING OE THE EER-ENCOLUNTIEE

INDEX 0OFE SATISEACTIION, &3

QUESTION NUMBEE RESEONSE WEIGHIING
SATIISEACTORY= 3 UNSATISEACIDRY= -1
5 Yes= 3 No= -1
6 OK= 3 l.ate/Early= -1
7 Yes= 3 No= ~1
15 The service or Roth= 3 ATC alone= -1

These rescorings were averaded over 3l1 recorded snswers to

the four auestions in everwy encounter. The resulting

averases were multirlied by 4y and roundedr to scale a1l

derived scores to range from -4 to 12. The obtained QCOPQQ'
are interrreted in Tatle 22.
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IAaBLE 22 - MEANINGS OFE IHE VALUES OF THE EEBR-ENCOUNTER

INDEX OE SATISEACTIION, &3

VAaLUE MEANING

12 “No unsatisfactory resronses out of three or four auestions

8 Orne unsatisfactory resronse out of four auestions
7 One unsatisfactory resronse out of three auestions
4 Two unsatisfactors resronses out of four euestions
1 Two unsatisfactory ressonses out of three cuestions
0] Three unsatisfactory resronses outl of four cuestions

-4 Four unsatisfactory ressonses out of four auestions

The distribution of 853 was extremely skewed. The srevaelence
of the maximum rossible scores 12y randged from 70 rercent in
HO  encounters +to 8% rercent in TC. Figure 8 sresents an
overview of these data. The cartion "ALl O0OK" in  the bar
chart denotes an absence of unsatisfsctory ansvwers (i.e. the
value of 83 dis 12). All scores less than 12 have been
groured into the catedgory "GRIFES." The areroval score of
the rilolts concerning the advisord service is seen Lo be
strongly derendent uron encounter ture, The mean score of 83
for HO encounters was 9.9y rising Lo 10,5 for LEs  and
reaking  at 11.4 for TC encounters. A conventional analwsis
of variance to test for differences among these means would
be inasrrorriatey i the light of the extreme skewness of
the data. A Kruskal-Wallis one-waw analusis of varisnces
hased on ranksy wvielded an arproximate Chi-sceusred statistic
off 7.9y with 2 DF.
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The rrobability of a2 statistic this lardge arising by chanoe

is less than 0.02,

From the strong derendence of satisfasction wrorn encounter
turey it can be concluded that the advisory service is
viewed bhw the rilot as beindg of most wse when the intruder

is unseeny as i the case of overtaking traeffic.
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SUMMAEY. The rost-flight debriefings and the debriefings
that took rlasce in the cockrit subseauent to each encounter
contain information that bears on the central issue of how
the rilots redgarded the service. The amaluses of these datla
on satisfaction and asccertance were. divided into the
following subsections,

0o Flight Debriefing

o Encounter Debriefinsg

o Combined Index of Filot Satisfaction

o Encounter Ture and Satisfacltion
In the first subsectiony global ratings of the dissrlaw
(called R1)Y and of the advisory service as a whole (R2)r
were examined to determine thé level of Satiafactinn
exrresserd after each Fflight. In the second subsectiony
resronses to four euestions from the encounter debriefinsg
were added for each encounter in a rarvticular flidghty and
averaged over a1l of Lthe encounters in that flight Lo create
g rer-flidht index of satisfaction (H1) based uron encounter
debriefings. Thirdlyy & combined index of silot setisfsction
(52) was formed Trom both the global ratings R1 and RI and

the encounter—based index of sstisfaction S1.

There was & significant sreference shown in the globasl
ratings for the service as & whole over the disslag. FEoth
the wrilot’s ratings and the constructed indices were auite
high throughout all of the flightsy but there was & marked
urtrend which flattened out  around the Fourth  Flizht.
Correlating the combined index of silot satisfaclion with
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the data from tihe sraflisght ©Mam indicates that
arrroximately one-third . of the incresse in rilot
satisfasction is &8 resull of increasing FTamiliarity with the

sustem.

Im the fourth ﬁubﬁéctiuny resronses to  the four encounter
dehriefirs auestions thalt were wsed to construct the
rer-flight index of satisfaction 81 were averssged over
individual encounters to construct a rer-encounter index of
satisfaction (83). Whern this 83 index was exsamined s 2
functiorn of encounter ture (Head-orm (HO)» Lateral encounter
(LE)y Tail-chase (TC))y it was seen that satisfaction is
highest for the TCy lower for LEy and  lowest for HO
indicating that silots regard the advisorw service most
highly when the intruder is least likelw to be visibler and
that thew value the advisory service least when the intruder

is most likelwy to be in sidght.
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USE OE IHE ADVISORY SERVICE.

INTRODUCTIION, Utilization of the automsatic advisorwy service
can be examined bw looking at how well the advisories aid in
visual seeuisitiony whether or not silots follow the RAS,
and whether or not comrliance with the RAS increases tLhe
seraration between aircraft. These analuses are divided into
the following subsections.

0 Visual Acauisition

o Filot Reﬁwonée

o Closest Foint of Arerroach (CFA)

o Distribution of CPA lata

0 Filot Rehavior as a8 Function of Swstem Estimates of

Risk

In the first subsection the time betw@en the silot’s reé@iwt
of a8 first advisory and his achievement of visual contacl is
taken as an index of time to visual aceuisition. This index
is examined as a function of bhoth the rumber of euxreriences
with the advisorwy service and the encounter ture. Additionsl

analusis of visual sceuisition in the tail-chase siltuastion

is erresented becasuse the advisors service (TAS and RAS) mass

have srecial value i situations where the intruder is

LINMESeen.

The second gsubsection 2MBMINES statistiocs COnee e ng
maneuvers made b bhe  subdect  silots. The auestian of
whether wilots differ in their rrorensities Lo maneuver 1s

addressed and the Trecuency of maneuvers with resrect to the

(? (3)



number of ewreriences with the advisorw service is edamined,

The data extraction tares from the Mode 9 dground sustem were
Frocessed  to obtain datas on the closest roint of arrroach
(CFAY which is  the mirnimum threendimengional gseraration
betweern the subdect asivcoraft and  the iﬁtfuder during an
encounter. In the third subsection the actual anl
sustem-rredicted closest roint of arerosch (aCFA snd =CFA)
are examined with resrect to four defined silot reactions to
the RAS. For those encounters with aCFA‘s  less  than 1000
feet the individuél horizontal and verticsl comronents of
the CFA are slotted with resrect to esch classs of ﬁilmt

reaction.

I the fourth subseclion an examination of the aCF& dats
distribution shows a sreast desivree of wvariasbilituy rositive

skewnessy and  tail-heavine

(burtosis) whiwh renders it
unsuitabrle for anaelwsis bw  standard sarsmetric methods.
Though a8 varietw of transformations fsil  to comrletelw
stabhilize and normalize Lhe variancey the transformation
10log(aCFA/=CFAY  is  chosen 8% & continuous estimator of

revrTormence., This serformance estimator is  examined

& i

function of maneuver turey rnumber of exreriences with the
advisory servicery latency (time to silot’s awasreness of B

i

agdvisory)y and intensity of maneudver.

Im the last subsectiony =CFAs a3re catedorically sartitioned
into classes of the swstem’'s estimste of risks sna the
gilots’ wroremsity to maneuver is edamined wilh reasrect to
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-~

this catedorical risk estimate and with resrect to encounter
ture, Alsor an analusis is rresented of factors affecting
outcome (defined as dood if the aCFA exceeds the »CFA bw 10
rercent or more)., The factors risks maneuvers encounﬁer ture
and their two-factor intéractiona are investidated to

determine which most significaently influence a8 wilot’s

“rerformance in achieving safe seraration.
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visual. aCOQUISITIION. One waw to tell how well the rilots
learn Lo use the disrlaw to hels find traffic is to measure
how soon after the first advisorw thew ascauire viswusl
contact and how this changes as Lthew Hain rerience with
the sustem., Teble 23 shows the averade time in seconds to
visual scaeuisition for each flight number for head-ony

lateraly and tail-cheaese encounters.
IABLE 23 ~ MEAN TIME (IN SECONDS) I0 VIsual ACQUISITION

ELIGHT NMUMBER

ENC. IXYEE 1 2 3 4

Ls
~

Head-orn (HO) 42 29 40 28 27 25
l.ateral (LE) 46 33 34 20 36 43

Tail-chase (TC) 144 29 106G 86 88 88

The rechted  learning curve ratlern is seen in each Cca3se.
The mesns (excert for LE in flight nunber four) established
their final levels by the fourth Flight. Figures 99 10y and
11 show the frecuency distributions for esch Flight number
rer encounter ture. Thoush the dats for the last two Flights
in  the LE catedorwy show an increase in the averasé time Lo
visual acauisitions the freauency distribution in Figure 10
shows  that the most common values were clustered sround the
15 -~ 30 secornd range with two isolated csses esch at  the

usrar and of the scales which weight the averadges urward.
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Im addition it can be seen that Flight mnumber four in the LE
catedgory contains fewer data roints than the olther flight
numbers for this encounter Lure (Lhis srresrs Lo be a8 random
occurrence) . Visual scauisition was not  achieved in all
encountersy Table 24 shows the rnumber of encounters ser
encounter tuwre asnd  Flidht roamie r for which visual

acauyisition date does not exist.

IABLE 24 - NUMEER OF CASES WITHOUY VISUAL ACQUISITION

ELIGHT NUMBER
1 2 3 4 bt &
Head-on 4713 4/17 &/14 6714 8,17 4719
Lateral 8/28 11730 Las32 15727 18/37 7725
Tail~chase 1&6/25 12722 14727 13730 L2721 135/24
Erntries are abh where 8 is the number of
cases without visual sceuisitions and b is the total rmumber
of encourtters in each encounter twure and Flight number.
The observed imerovement in any measure of serformsnce  in

visual scauisition (@cdfe time  to visual sceuisition)y b

]

ttselfy cannot be comstrued ss heing caused bhw Lhe sresence

of  the advisory service since there are too few dats on
encounters withoul the service. For examrley 1t could be
that the subJdects became more adesrt at  seolbling  Lhe
intrudery or thew srent more time looking outside of the
cockrit., In sarticulars tLhe examination aof  wvisuasl
geauisition data for head-on snd lateral encounterssy
although interestingy srovides no conclusive information on
the wtility of  the diselaw,. The datla O tail-chase
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encountersy howevers are of srecial significance.,

. -
Since an aircraft coming ue from behind is well outside of &

rilot’s field of visione visual zsceuisition seldom occurs
without the rromest . of a8 traffic advisory., A detasiled
examination shows that visual acauisition oceurs in 18 of
the 45 tail-chase encounters that occurred in the last two
flight numbers. Additionallws visuasl acouisition occurred in
11 cases before closest roint of'awProach while the intruder
was ‘ tehind the subdect. The range at which wvisual
acauisition occurred varied from 4640 feet to over 10000
feet with 11 instances of visuwual aceuwisition at s range of
over 2000 feet., These dats ﬁtP0ﬂ31H‘ sugdgest Lthat the
advisory service did helr the silot Lo yiaualls seauilre
intruding  traffic i tail-chase encounters where Lhe
likelihood of visusl aceuisition without a traffic sdvisorw

i small.
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EILOT RESEONSE. A rrominent concern ié tml what extent the
subdect =ilot maneuvers at any time during an encourntery and
how this is influenced bw the advisory service. 0F the 424
encountersy 54 rercent did not dgenersle & maneuver as
recorded thw the observer. This sugsgests  thalt visusl
acauisition dgenerated confidernce that Uthe miss distance
would exeeed the rmilot’s maneuver threshold. An imsorvtant
first auestion is whether the rilots differ among themselves
in tevrms of their #rmwenﬁitw to maneuver. The answer is that
there are marked significant differences amons  the silots.
The observed fraction of encounters orn which an individual
Filot maneuvered ranged From a3 minimum of 2% rercent to 3
masimum of 7% wercent. an eleven degree of  Freedom
chi-seuared test wielded & chi-sauare of 346.9y indicating a
probability  of  0,0001 that this amount of vmri&timn‘wmuld

randomly ococur in 8 homogeneous silot samele.

The tenderncwy to mansuver can aiﬁmlb@ examined as & function
of flight numbers (i.e. the exrerience level of the silots).
The flight numbers are not  homodeneous with resreclt Lo
maneuvers, The observed tendencw is Ffor the srevalence of
maneuvers to dimindsh through time. A4 Tive dedgres of fFreedam
chi-sauared test wielded 16.8 indicating & srobabilitye of
0.005 that the observed dedree of decrease would randomlus
occeur 1T the tendencw Lo maneuver were inderendent of Flisght

numtier,
The trend of decressing srorensite  to  maneuver is more
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easily seen bw combining the six flight numbers into  three
blocks of two flights each, O0Ff the 135 encounters that
occurred on the first two fFlisght numbeva 98 rercent
resulted in maneuvers, This rercentadge drogsred to 46 rercent
of 144 encounters in  the second two Flightsy and to 3%
rarcent of the 145 encounters that occurred in the last  two

flights.,

A rlausible interrretation of this decresse in rrorensity Lo
maneuvery based on & wmultitude of studies of the rsychologw
of rnovel exreriencey (References 18 & 19)y sugdgests Lhat
during adartation to this new sustemy the rilots were overlw
sansitive to disrlaw informationy and tended to resrond more

Trequently early in their exrerience.
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CLOSESY EOINI Q0E AEEROACH (CEA)Y. The rurrose of the CPA
anslusis is Lo examine how the advisorw service was used by
the silots in manading encounters. Inrgt for the snalusis ds
survelillance data which was recorded bwe the Mode 5 growund
swatem and rrocessed to comeute the CPAs  of  the swbldect
gircratt and the intruder zirvoraft for each encounter. Two
kinds of CFA were extractedsy Lthe aschieved CFA (a8CFA)Y and the
rredicted CFPA  («CPAY., The aCF& is  the actusl minimum
three-dimensionsl seraration of the aircraft in conflict as
determined from Mode 8 rerorts. The #CFA is  the minimum
value of the predicted three-dimensionsl miss distance

during the encounter,

To examine the effect of comelisnce or non-comelisnce  with
the RAS o the aCFAy the dats were rartitioned into the

following five mutually exousive and exhausltive castedoriesd

1+ Followed RAS, This is the cagse if each asnd everw
maneuver made by Lhe rilot corresronds comeletely wilh each

and everwy rosiltive resolution advisory  dssued. It onlwy

negative advisories are idosueds the wilot‘s lack of anw
maneuvernr is  construed as comrlete comeliances a5 is
rositivizstion" of the nedgative advisorwy (e.d. turming left

in resronse Lo o a "mo rightt).

2. Nifferaed From RAS. This is the case if the silot
MBMEUVE TSy bt his waneuvers nelther contradict nor

comrletely Tollow the RAS.
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3. Did Not Maneuver. This is the case if the wilot made

"o maneuver when rositive advisories were issued.

4, Contradicted RAS. This is the case if any or all of
the rilot’s maneuvers contradicted amwe or 811l of the
resolution advisories (e.d. a8 left turm when & “nmo left" or

a8 "right" is issued).

Se¢ No RAS: This is the case if no resolution advisory
information was issued to the subdect airvceraft, This has no
relevance to the waws in which rilots resrond to  resolution

advisoriesy twat is ineluded frere  for the sake of

comeleteness.,

Figure 12 shows the averade schieved minimum seraratiorn for

each of the five cases of silolt reaction to advisories,

Three values are dgiven for each Ccase s the averase
three~dimensiornal gslamt rvangey arnd dits horizontsl  and

vertical comronents at the aCFA, Notice that when rilots
comrlied comrletely with the disrlaverd resolution
advisoriesy the averadge achieved minimum slant randge was
greater then 2000 feet and the minimum vertical seraration
was well over 400 feet. For cases of silots mot maneuvering
or contradicting the resolution advisoriess the average
serarations  are consistently smaller with I averasde
achieved minimum vertical seraration of 318 feet for Lthe
latter case., The last columns 1llustrate that resolution
advisories were indeed consistently dssuwed when small
serarations were imminent.
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The encounters which had an aCFa of less then 1000 feet were
subJected to an additional srelwsis. Figbre 13  shows the
vertical and horizontal serarations for each case of rsilot
reaction tp issued resolution advisorvies. In a2ll  those
encourters during which the Wilbt com=lied comrletely with
the RASy the achieved veirtical serarvation was at least 300
feet, In the remaining encountersy the achieved vertical
seraration was freausntly less tharn 300 feelt and in one case

the aircraft were co-altitude.

There is & difference in the averadge asbsolute vertical
seraration between those cases when the inlruder was above
the subdect aircraft (4538 feel) and those cases when he was
below (331 Fé@t)e A t-test between the cases above and those
bhelow ShowWs that this difference is statisticallw
significant (P < 0.0001). There was no such statisticasl

difference in the mesrm minimum horizontal serarations.

A examination into the reassons for this difference resulted .
i bhe mon-exrerimentallse verified bhal slausible hurothesis
that the observed difference is sttributable to one or more

of the following facltorsd

1+ When maneuverimg for collision asveidance il is
likelwy thalt airverait descent rates exceed climb ratessy hence
achieved vertical sewraration at CPY is likelw Lo be sHreater

For maneuvers involving descents.
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2. Inm encounters where vertical seraration is small asnd

visual contact is achievedy il is difficult for the =ilot to
accurately Jdudge the madgnitude and direction of the vertical
seraration. It has been observed (bwy FAA Technical Cenler
test rilots exrerienced in collision avoidance swustem
testing) that for & given absolute verticsl seraration the
intruder from above arrears to have less verticsl seraration
angt hence arresrs to be more threatening than  Lthe intruder
from below. Piloté are therefore more likelw Lo maneuver and

increase seraration for intruder asircraft that are sbove.

3. Aircraft sre more visible whern thew are abhove versus
below the horizon. The increase in achieved vertical CFA
seraration when the intruder sircraft asre zhove maw bhe &
manifestation of the tendencw for silots Lo maneuver more
freqauently when thew rerceive @ threastening encounter and
have wvisual contact as comrared to when Lhew do nqt have

visual contact.

4, A small but nevertheless rotentiazl ‘factor may he
caused by the intruder #ilots. These rilots were instructed
to maintain 8 dgiven altitude throughout the encounter. For
safety reasonsy rrior to viswsl contact the intruder silots
tended to carefully monitor the asltimeter and Lo ensure tﬁat
any deviations from sssigned altitude were on the side of
increased vertical seraration. Once viswsl contsclt  was
establishedy howevers there was no  londger the need to

maintain this rositive safety Factor and vertical seraration
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distances maw have tended to slightlue decreasse. The fact
that the intruder silots established wvisuwasl contaclt more
frequent v whernr the gsubJdect asircraft was abhove may

contritute to the observed differences.

To investidgaste the effects of the differerce in vertical
rositiorn the silolts’ reactions to the advisories were broken
down by vertical rosition of the intruder. Table 2% shows

the frecuency of resronses in each cstegory.

IABLE 25 - EREQUENCY 0OFE RESEONSES IO IHE RAS AS A

EUNCIION OFE INIRULDER EOSITION

iNO EOLLOWED LIEEERED nin Nor CONTEADICIED

ﬁAS EAS ExROM Kas MANUVER EAS
AROVE 1 33 2 13 G
RELOW 1 19 11 30 4

TOTAL. 2 G2 13 44 9

It can be seen that the rilots comelied comrletelw with the
resolution advisories most often whern the intruder was above
themy and thew made no meneuver most often when the intruder
was below. Indeeds most of the rilots’ reswonses fall irnto
the "Followed RAS" catedors or the "lid Not Maneuver"
catedory,. The other three caﬁ@ﬁmrieﬁ nhave too few occurences
Lo warrant sersrate statistical analwses. Thereforey Lo
rroceed  with  an analusis of  Lthe effects of wilots’
com-liance and the vertical rosition of the intrudery the

catedgories "Differed From RAS" arnd *Contradicted RAS" nave
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been combined with the "No Maneuver' catedory into one
catedory called "*Noncomeliance.,® The two "No RAS'
observations have been drorred from the following snslusis
as Lhew have no bearing on comsliance with the advisories.
Table 26 shoaws the Trecuencse of resronses ss a function of
intruder rositions and Figure 14 shows the horizontasl and
vertical separationgl for these two new catedgories. The
dgreater vertical seraration aschieved hw silots when ‘theu
comrlied versus when thew did not is clearly illustrated bw
Figure 14 where the non-comelied cases are seen  to cluster
closer to the =zero seraration axis and the comelied ceses

farther awaw.

IaBLE 26 -~ EREQUENCY O0E COMELIANCE/NONCOMELIANCE WIIH THE

EAS AS A EUNCIION OF INTRUDER EOSITION

COMELIED NONCOMEL IED
. AROVE 33 20
REL OW 19 4%

TOTAL. 52 66

Tabhle 27 sresents the results of an  anslusis of variance
using slant rande as the derendent variable and comsliance

and vertical rosition as the susrected sources of variation.
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TeBLE 22 - SOURCES OF VARIABILIIY IN SLANI RANGE

CEA’S BELDW 1000 EEET
SOURCE OE VAEIATION IE M SQ E-RATID E-VALUE SIGMIEICANT

VERTICAL FOSITION 1 118%4 0.346 0.356 - NO
COMFLIANCE 1 419142 12.181 0.001 YES
FOSITIONXCOMFLIANCE 1 3045 0.089 0.77 ND

RESIDUAL 114 34395 e o

The failure of "Vertical Fosition® to reach significanae
indicates that whether the intruder was above or below did
not contribute significantly to the three-dimensional slant
ranse. Thérefore; the bhest estimate available for slant
randge is the dgrand mean of the total samrlery 640 feet.,
Assuming the rilots demonstrate a random samele of behaviors
from some larder rorulationy one can be confident thal there
is a8 95%%Z srobabilitwy thalt the larder rorulation e &3 will be
within the interval 4046 feet t07673 feet, This range arrlies
only in  the situstion of forced encountersy with an
avtomatic sdvisory service rresenty and aCFA  of less than

1000 feet.

The Tailure of the interaction of vertical rosition and
comeliance catedgory Lo reach statistical significance
indicates that differences in mean slanl range between Lhe
comerliance catedgories are not derendent uson vertical

rositiorn of the intruder.

The onlw factor fournd to sidgnificantle affect the serarastion

119



was that of +the s=ilot’s comrliance with the RAS. Table 28
shows the mean slant range seraraltiorny the estimates of the
standard error of the meansy and the 254 confidence interval
of the rorulation mesn for slant seraration as & function of

comrliance catedory,

IABLE 28 ~ CEé& SLANT RaANGE A5 A EUNCTION OF COMELIANCE
WITH IHE BAS (aCEA‘S BELOW 1000 EEET)

N MEAN  8ID EER RI% CONEILDENCE INTERVAL

COMFL TANCE 52 714.8 23.99 bbb b6 Lo 762.9
NONCOMFL.IANCE 66 581.5 23.70 : 534.2 to 628.9
DIFFERENCE 14 133.3 34,16 66.4 Lo 200.3

TOTAL 118 4640.2 16.96 &06.7 to 673%.8

The difference ir means rerresents a 22.% rercent
imerovement in seraration when silots comslied comeletelw
with the RAS over when thew did not, Th@ﬁe analwses of Lhe
data for slanlt randge less than 1000 feel indicate that when
& wrFilot comrlies with the resolution advisorwy service he
maintains a8 larder CFA than when he fails to comerlw. This
sudgdests that a FResolution Advisorwe Service can contribute

to airsrace safetu.

Im discussing rilots’” "rerformancer” it should be mentioned
what or how the silots were idnstructed to serform. The
ilot’s marnualy given Lo the silots one weelk srior to  the
groundg school btraining sessiony states the followins:

So  far mno mention has  bheen made of what wour the
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rilots shouwld do. The rurrose of [lhe automatic
advisory servicell is  two-fold! to dssue traffic
advisories ahd resolution advisories to HOU
automaticallw. You-—-the rilot--are free to - choose
whether énd how to make use of these asdvisories."
Im additiony the rilots were told hefore each flight that
thew were. to do whatever thew felt was necessarw Lo maintain
safe serarstion. In this context rerformasnce meassures do not
indicate the rilot’s "success" in achieving a stated gosl so
much as thew reflect the silot’s actusl use of the sutomstic
advisory service., The only mention macie of the
system-rredicted closest roint of arrroach (fCFPA)  was  thatl
it was rerresented as an  "X" at the end of the relalive
motion liney and that it marked the range and relative
bhearing of the intruder at the sredicted roint of closest
arrroach. The intersretation and use of #CFA was wur Lo  the

individual ailot.
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DISIRIBUTION OE CEA NATI6. The ereceding subsectiorn dealt
with rerformance as it relates to the automatic advisory
servicer foocusing srecificaslly on the differences in aCFA as
a8 TFfunction of the level of comerlisnce with the RAS. In this
subgsections the level of exrerience with the automatic
advisory servicey as well as  obther factors that are
inderendent of the advisory services are examined to
determine their effects uron  aCFAy  and aCFA relative to

=UFA.

2N

The imitial ssrrosch to the CFPA deta consisted of  an
examinaltion of the srorerties of the statisticss the
construction of indices resresenting  rerformance adeuacws
arnd  comrarisons  of these statistices with desidgn and sction

variables.

The #CFA was recorvded in 342 casesy  angd  the aCFda were
recorded i 345 cases (341 in common).  The vertical
comronent of the aCFA (sCPvA) has been converted Lo absolute
values and is besed on 3495 observations. Table 29 shows  Lhe

descerirtive statistics of these data.

IaBLE 22 -~ SIATISIICS ON DISTRIBUTION OFE CEA DAIA

VARIABLE MEAN HMIN MIN MaX .0 SIKEW KUET
aCFaA 2414 1424 163 L1759 2827 2.0 3.8
=CFPA 1228 a8 é 11634 1784 3.8 13.4
aCFvA (ahs) 411 400 0 14600 177 1.4 Hod

All values (excerl skew snd kurtosis) are in feet.
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The most striking feature of these date is their high
variabhility.,. The actual and rredicted CFA both have
coefficients of variation in excess of one hundr@df Notice
that all of the distributions asre mositivelw skewed and the
tail-heaviness (kurtOEiﬁ) randgdes from marked in the case of
aCPA.to extreme in the case of rCPA, Coefficients of
kurtosis ‘5h0wn here are larger than the Gaussian norm
kurtosis of three., The distribwtionasl PPOPéPti@ﬁ of these
data render them unsuitable for analusis by standard
rarametric methods. There are two waws  around thisd L.
transformations that stabilize and nmrmalize variancer 2,

analuses based on catedories or rank statistics.

A variety of transformations were aprlied Lo the data. The
sauare root of aCFva wields values that arrroximale & novmal
distribution. The log{(aCPa) and log(=CPFA) are much less
agesswymetric than their ardgumerntsy but still  tail-heavuy.
Althoudgh these transformations still do  rnot comeletelw
stabilize wvariasncey 10log(aCFA/=CFA) was chosen 8% &

continuous estimstor of rerformances Fl.

From the rreceding analwses of silot orinion and visusl
acauisitiony it might be exrected tha£ F1  wouwlad show  an
increasing  tremd with exreriencey hOWeVErs Various One-waw
analuses of variance failled Lo show any relstion between Fl
and  Flight rnumber. The abhsence of  anw effect of Tlidght
number  on Pl dis  borme  oul by rarametric T as  well as

rnon-rarametric aneluses of variance.
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Similarley no relaltion was found to exist between FL and the
Fresence  or absence of a2nw maneuver. Howevery when ssecifio
contrasts were examined between rresence or absence of turns
or altitude changey rerformance was sidnificantly influenced
by these srecific maneuvers. Since the arithmetic mearn of
logarithmic values is  eeual Lo the logarithm of  Lhe
geometric mean of the asctual valuesy 8 second rercformance
indexs P2y was defined as the geometric mean of the ratio
(aCFA/=CPAY in orvder Lo examine sSrours  of cata for
encounters in  the . srecific classes of maneuvers. OF Lhose
intrusions that lack anwy latersl course changey P2 is  ecusl
to 2y whereas on Lhose encounters in which course change
occurred P2 is eausl to 3. This diffevence is statisticallw

igrniTicant st the 0.001 level in &

(and sracticallw?

[.’:

Wilcoxon two-samele lLes This result confirms  any silot s

intuitiorn that turns are an effective avoidance maneuver.

The same kindg of recsallt  was a2lso generatedy as misghlt be
exrecteds b altitude ohandgesy Nowevery since  albtitude

differences constitute relatively swmall rorvtion of bLhe

3]
&

three-dimensional seraration between aircraifts it iﬁ Mo e
meaningtul to  examine  the alPFvd  aloneys rather tharm with
redgard to the eCFA, On those encounters in which  the s=ilot
either climbed or descendeds the measn absolute vevrtical
serarationy called F3e exceeded 500 feet. When suceh slltitude
changes are nobt sresenty PI iz less Lhaﬁ 400 F@@tﬁnTh@ e ENy
gairn an  seraration s aboult 150 feel. The srobabilitys of
such differences in means occurrinsg by chance is virtuslle
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The Precediné arigluses are based uron the rresence or
absence of turning and climb/dive maneuvers. 0One maw  then
ask whethery» within the class of maneuvers themselvesy there
is any rositve relastion between intensity of maneuver and
effectiveness. The snswer to this euestion is flatle no.
Total dedrees of course change or angle of steerest banks

though themselves highle correlstedy ave wunrelated to

-rerformance effectiverness, The same holds true for sltitude

chandges whether sidned or unsigned.

Insofar a&s rilot resronse intensitw  is unrelated to
rerformance  effectivenessy the rossible relations Delween
resronse latency and obdective rerformance were examined.
The overall mean time to visuallwy aceuire the intruder
airceraft was 34 seconds. These dats range TFrom 30 seconds
Frior to the first advisorws to 4 minutes after the advisors.
The mean time Lo note the disrlaw was seven seconds with &
standard deviation of 1% seconds, These times ranged From
instamtaneous to two and a half minuteﬁ..ﬁmrrelatimnﬁ of
these latencies with bthe three CPA rerformance indices are

all of trivial madgnitude.

»

The failure of latency and internsity variasbles to sredict
obJective rerformance measures is not  wrnusuaal i research
endeavors of this kind. Indeedy it would bhe sursrising Lo

fird sCh relastions. Attemets at rawehological

interrsretations of such simele observables fz2il Lo recosgnize



that their wvariability die intrinsic and ot constrained b

the contexts i which thew occur,.

Measurement methods used in lastboratory exreriments such
regction time or  latencwy measuresy resronse amslitude
error measure are oftern useful to helse in the desisn
disrlayw devices and swstemsy bul it is almost certainlwe
case Lhat such measuresy becsuse of their suscerbibilitw
rerturbationy are wseless in the field assessment of

devices.
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EILOTI BEHAVIOR AS A EUNCIION OF SYSTEM ESTIMAIES OF RISK. In
this subsection catedorical rartitions of CFA datse are
emplosed‘ to examine r»ilot behavior as a function of "risk."
és mentioned esrlierr rilots were not diven aracific
instructions on how to réact to the rredicted CFA indicator
in their manadement of an encbuntery bt redgardless  of  how
individual sileots did wuse ity the #CFPA does have value in
determining the relative rotential danger of encounters
after the fact. Tasble 30 associates wilth ranges of =CFA
valuesy risk castegories numbered 1 through 4y where 4
indicates the closest randge of sustem-rredicted miss

distance.

IABLE 30 -~ DEEINITIIONS OF “RISK" CATIEGORIES

CATEGORY CEA RANGE (EEEI)  EREQUENCY OF OCCURERNCE
1 #2500 35
2 951 to 2500 79
3 421 to 950 ' 114

4 oor o= 420 114

The first hurothesis Lo be tested tw these data is that the
rrorensity  to  mapeuver would he dgreater in situations of
higher risk. Uﬁiﬁﬁ as lthe derendent variasble the rresence or
absence of & maneuver of anwy tures Tabl@. 3l disslaws  Lhe
rercentasdges of manewvers in each risk categorwy broken down
by encounter  ture (hefore determinins the estimated
rercentadey  the value 0.9 was added to each cell to sccount
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for bias).

IABLE 31 -~ PERECENTAGES OF MaAMEUVERS AS A EUNCIION

OF "RISK® LEVEL AND ENCOUNTEER IYEE

MANEUVER
EISK CAIEGORY ENC. TYRE (% 0OFE IOIXal) IDIAL
YES NO
HO Q0 10 4
1 LE HY 31 20
TC 62 X8 11
' HO b6 34 21
2 Lok 6O 40 x0
TC 17 83 20
HQO S5 48 27
3 |LE 54 44 48
TG 44 L) K3
H0 7 29 ‘ 28
4 LE 44 %4 37
T A7 63 49
Araluysis of these datas shows  that the onley significant
factor of Lthe two which influenced the wruwenﬁitw Lo
maneuver was twre of encounter which wielded & chi-sauared
statistic of 12.51 on two dedrees of freedom. This indicstes
a rrobahility of less Lhan 0.002 that the observed degree of
correlation heltween encounter  ture and  srorensity Lo
maneuver would ocour rancdomlu. Tairle 3J1 shows that  the
encounter tures were rankecd dn bthe order HO-LE-TCs with
ressect bto the Frecuencwy  of  maneuver. Notice that this

orde s s e reverse  of  that found esvlier Tor silol

satisfacltion. The silots tended Lo manewaverr least P



tail-chase encountersy which is the condition in which thew
exrressed the hidghest redgard for the utiiifu of the advisorwy
service, This tendency maw be influenced bw the silot’s
rercertion of the cblliﬁimn threat and the time available to
react. I a8 teil-chase the »ilolt has amrle btime to evaluste
the traffic situastion and to avoid unnecessary maneuvering.
This is esrecialle true in tail-chase encounters where Lhe
Filoty srometed by Lhe disrlawy is able to establish viswual
contact. Bw contrasty in the HO encounter the silotr aware
of hié inability to  asccourstelw asssess  the encounter
situation in  the limited time availasbley attemrts to

maintain 8 safetwy factor by maneuvering more freauerntls.

_Contrarm to the hurothesisy bt statisticallw borderlines it
is  noted that dgreater visk does not  induce  increased
maneuvering tendencies. Indeedy the dHreatest tendencwe to
maneuver arises when Lthe rredicted roint of closest areroach
exceeds 2000 feetl.

The ratio of actuzl to rredicted CFA was rartitioned into
catedgories reflecting an encbunter’s outcome . Tabhle 32 shows
the definition of the two categories of outcomer called

*goody " and "soor.”
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IaBLE 22 - DEEINITION OF "OUICOME®" CATEGORIES

CATEGORY sCEa/=CEA EREQUENLCY 0OF OCCURENCE
Good 1.1 or more 27Y

Foor <lel . b

The effects of the defined risk categoriesy Lhe sresence or
ghsence of maneuversys and Lthe tuwre of encounter uron outcome
were examined. Fresence of manewver and lLwere of encounter
were at most of borderline imsortance. In s mador  anelwusis
Lhat dncorsrovated all  three of these inderendent facltorss
Lhere is & slisght dindication of an intevaction between the
influence of  risk and maneuver affecting oultcomer howevers
it‘iﬁ Lhie risk fTactor that bes the most dramastic influence

o ouwbtcome . This influence is seern most clearlwy in Taeble 33

relating risk to oulblocomne.
IABLE 33 ~ "OQUICOME®" A8 & FEUNCIION OF "RISK®

OUTCOME
RISK sCEAa RANGE (EEEI) GO0nD OO0k Toral

aUPFA/=CPAEL L a2CPA/CFOT]

-
_

1 FAEO0 4% SGiX 3G
2 P31 Lo 28500 | a8z C33n 70
3 421 to P50 a9x 11% 114
4 oar w420 Q3% | A 113

TOTAL 8Ba2% 18% 341

In Table 33 it is seern  that owutcomes that  are  nominallw
unsatisfactory (i the sense  that the actual eoint of
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closest aseroach does not markedly exceed the srediction and
maw even be less)y ternd to bhe most heavily concentrated
wiere thew will do the least harme. Failure ﬁf the milot to
better the rrediction does little to endanger an  encounter
@hat does not really materislize. But as the risk increasses
the value of the advisorw service to aid the silot in
increasing seraration results in euantitetive asdvantadge to

the flight.

SUMMARY ., To exasmine the waws in which the silots wse the
agutomatic advisory service 1t is useful to look a2t their
onserved werformance. Ferformance was examined: in this
saction bw  looking st how well the advisories aided in
visual sceuisitiony whether ov not silots followed the RASy
andg  whether or not comsliance with the RAS incressed the
serarstion bhetween agircraft, These analuses were divided
into the Tollowing subseclions.

g Visusl Acauisition

o Filot Resronse

o Closest Foint of Arsrosch (CFPA)

o Dstribution of CFA Datea

o Filot Behavior as & Function of Suwstem Estimates of

Ri sh

I the Tirst subsection the time bhetween the silot’s receist
of  a Tirst advizory and his achievement of visual contact
was taken as an index of time to viswual scauisition. It  was

seen  Lhat rilots were achieving visual contacl sooner as
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their_@xw@rience wifh the advisorw service increased. This
tmerovementy  combined with  the fact that i the later
Flisghts visusl contact Qaﬁ often 'awhieved earlwy  on  in
tail~chase encounters when the intruder was still behind the
subdect  aircrafty  strongls  susgests  thet  Lhe  automatic

advisory service aids the silol in achieving visuasl contact.

The secornd  subsection ertaminect mt&tiﬁtiwﬁ concerning
marneuvers made by the subdect silot. Tt was noted that the
#ilotes differed greetly in their srorensity to maneuvery and
theaetl the ﬂen@tal tendency Lo maneuver diminished with the
rumber  of Flight exreriences. Whether bLhis decrease is due
Lo oversensitivity to disslawed dinformation in the esrlwy

Flights or & dnere i confidence resulting  fFrom

edrerience with the advisory service or wWith the Flidght Lest

srogram Ltself is indeterminate.

The data extraction tares from the Mode 8 dground swustem were
srocessed Lo obltain dats om the closest wsoint  of  arsroach
(CPAY  which ds  Lhe mimnimum  three-dimensional seraretion
between the subdect aircratt  and the intruder during  an

encounter. Im the thirdg subsection the actual  and

sustem-sredicted closes

Poiﬁt of arrroach (aCF4 andd =CFPA)
were  examined with ressect to four defined wilol resctions
to the RAS (1. comelied comrletelw with the RAS» 2. comelied
rartially with the RAS or maneuvered differentley 3. ignored
the RASy 4. conlbradicted the RAS). It was seen  that tLhe

smallest averasie alFa’'s were achieved when the silots
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ignored or contradicted the RAS. For those encounters with
alFA‘s  less than 1000 feet the individual horizontal andg
verticasl serarations were rlotted. It was seen thalt the
subdect eilots comelied with the RAS more often when the
intruder was above the subdect aircraft than when he was

below and thalt sersrations were sidgnificantly higher when

Pilotmvcomwlied comrletely with the RAS tharn when thew did

not .

In the fourth subsection an examination of the aCPA data
distribution showed a great degree of variasbilitwr rositive
skewrnessy and tail-heaviness (kurtosis) which rendered it
unsuitable for aralusis bw  standard saremetric methods.
Thousgh & variety . of transformations failed to comsletelw
stabrvilize and normalize the variancer the transformation
10Ylog(8CPFA/=CFAY  was  chosen as & continuous estimator of
serformance, The only factor that was Tound Lo have @
giﬁhificant effect wuron this estimator was the sresence or
ahsence of srecific maneuvers which allered the course or
altitude of the subdect aircraft. Bath horizontal  and
vertical maneuvers were fournd to significantly increase the
geometric mean of the ratio of abtual to rredicted CPA,
Other factors examined which failed to imerove serformance
gre  ewearience with the advisorw service (Tlight number)s
latency (time to silol’s awareness of an advisory)y arl

intensity of maneuvers,
In tLhe last subsections #OFAT s were categoricallw
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artitioned into classes of Lhe swstem’'s estimate of risk.
The srosensity Lo maneuver was Tound to have no relationshis
to the CPA bt a8 stronsg relationshis exists bhetwwen
srorensity Lo maneuver and encounter tured silots  maneuver
most often in head-on (HO)Y situastionsy less often in 1at@r31
encounters  (LEYrs  and  lesst oftern in the tail-chase (TC)
encaounters, This ordering  is  the reverse of that found
earlier for silol saetisfactiony and maw be influenced bwe the
Lime available Lo react which is necessarily shorter in the
HO situation. Firmellwy an asnaslusis  of F&ctbv& sffecting
outcome (defined as “sood’ if the aCPA exceeds Lhe pCFA bu
10 sevrcent) determined that of rislky maneuvers encounter
Towyre and  their two-Tactor interactionsy risk i1s  most
significant i determining  oulocomer  wilh Lhe hisghest
rercentasge of  dHood outcomes occourring in the higher rishk

arncounters,

134



CHARACTERISIICS 0OFE THE IBRAINING EROGEAM.

A ground school exam (Arerendix B) was asdministered to the
subviect rilots before and after the ground school training
session. The exam scores were used for three surrosest 1. Lo
mateh weilots inm the rerlicated latin sceuare of the
exrerimental . desisne 2. to obtein an obdective index of the
subdect rilots’ comrrehension of the advisory service rrior
to the first Fflighty and 3. Lo sssess bthe value of the
training session. Althoudh a half daw of dground school was
conducted for the subdect reilotsy the results of the two
exams did not show & significant difference (mesns of 72,5
rercent on the firset andg 75.0 rercent omn the second). The
erformance on the first dround school exam  indicates  tLhat
the training manuzl srovided the silots with & useful bodw

of information.

An additional exam was comrleted bw the subdect silots srior
to each flight (sreflight examy Arrendix B). This rermitted
determining  if aow imerovement in aPParent knowledge of the
sustem occurred as a result of Tlight exreriencey and to
estimate the relative value of the ground school with zcotusl
flight exrerience. The rsreflisht exam date were comrlete
excert Tor omne missing value for silot K (flight number 2.
This silot also received sn unusuelly low score on bthe first
arnd  thirvd exam administrations, Omitting this subdect dives
a8 range of exam scores bhetween 10 and 18 (out of a8 rossible

23

1I8)y with & lavdge srorortion of scores between 16 and 18,



Analwsis of  wvariance indicates that the aversdge scores
differed between flidghts (srobabililty of this beins 8 random
resullt ecquals 0.04),. The signiTicance of +this difference
incresses  slidghtle 4f  the anomslous subdect K is omitted.
Howevers a rank ovrder correlation of the means for the gix
flight rnumbers with 8 rerfect monotonic urtrend fails to
reach sigrnificance (FF = 0.08)y with or without silot K. It
mistht therefore be concluded thal there was no Frreflight
test  dmerovement as  exrerience  incressed. Howevers ar
examination of the exam score versus Tlight number curve
(Figure 13) shows that the feilure of the ranl correlation
to  reasch sidgniticence is attributable to the small reversal
of means (17.7 to 17.08) between flisghts five and six. A
"leavrning curve”  of  Just  bthis kindy is the most commornls
noted trend for esucholodgical test scores  and  serformance

megsures of this ture (Reference 203,

The bhomogeneity of the silol semele can be asssessed with the
intraclass  correlation coefficient. With or witnoult silot K
this coefficient is assrrvoximately 0.30. A between-subdect
caorrelation of 0,%0 indicates a fair amounlt of homogeneitys
esrecially in view of the narrow duenamic ranﬂelof the exam

HOOTES, Since the F-ratio is statisticalle reliabhley this

correlation coefficient is also relisble.
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RESULIS

INTRODUCTION,

This rerort described a flight test srogrem involving 12
subdect silotse Flwing 72 flights (6 Flights each)y with a
tatal of 424 midair encountersy using an automatic. advisory
service. The automatic advisore service was comrosed of Lwo
GOPVICRS 1. a8 Traffic Advisorw JService (TAS) which
disrlawed @ continualls uaedatedy course-us traftic mas of
the asirserace around  the subdect aircorafts  and 2 @
Resolution Advisory Sevvice (RAS) which suddgested conflict
avoidance maneuvevé caleulated on the h&ﬁis.mf ground  radar
survelllance information. Phuysical date were taken bu
on-board  observerss Qnd e ground-based  magneltic Lare
recorders, Subrdective dets concerning  silot  osinion and
rercaerstion were collected with sost-flighl debriefings  and
roast-encounter  debrriefings. ALl of  the encounters were
suJdect to bLhe Tollowing three constresints?
L. No vertical rate or maﬁ@uveriﬁﬂ encounters  were
Flowr.
2 Mo rlannmed multirle aivervaft encounters were fFlown
(32 unelarmed multisles ocoured).
s The intruder zircraflt were not ecuirred with  Lhe
automatic advisory service.
The test vasults  maw  have Vheen different had these

constrsints mot beerr in effect.
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This sectiorn summarizes the mador findinss of the dats

analysisy and is divided into the following five sections.

0 lNerendernce of lats orm Test Conditions

s

SPilot Utility Assesasment of the Advisorwy Service

0 Filot Accertance of the Advisory Service

-~

0 Use of the Advisorwe Service

o Characteristics of the Traiming Frodgram
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DEEENDENCE OF DATA ON IEST CONDITIONS.

0 The courter-balancing desidn (latin seuare) used in the
flight test rsrodgram was successful in eliminating any
ma.Jor sustematic data dependenciesv and the
meteorolodical limitations imrosed on the flights were
sufficient to avoid the mador random derendencies (rade

&2,

EILODY UIILITY ASSESSMENY OF IHE ANVISORY SERVICE.

o The subdect rilots showed most arrrecistion for those
elements of the TAS which dave basic information
redgarding the location and relstive motion of the

intruder (srade 66&6).

o There was 2 distinet rreference shown in the wilots’
ratinds for the TAS features over the RAS. The RAS was
initially one of the most highly rated festuress bt
declined steadilue to fifth #=lace in the rost-hoc ranking

of the rilots’ ratingss by the fourth flight (rage 72).

o The stability of the ranking of rilots’ ratinds of the
disrlaved date indicates that four flight exreriences
with the service are sufficient to stabhilirze rilots’

working attitudes toward disrlaved information (rage 73).

o The subdect silots felt that rno crucizl information was
lacking in the dissrlaved datar andy in deneraly too much
information was disrlawed (rade 74).
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o The sub.dect rilots exrlicitly exrressed a desire for the
basic traffic sumbol asloney and for a denersl reduction

in the level of disrlaved information (rade 77).

0o Fifty rercent of the subldect silots indicated that there
should be arn asudible sidnal to alert the rilot of a3

rroimate advisory (rade 77).

EILOY ACCEETANCE OFE THE ADVISORY SERVICE.

0o The subdect rilots showed a high redgard for the automatic
advisors service and the disrlaw in everu measure of
#~ilot satisfaction. The emrressed satisfaction with the
sustemry although wuniformlu high for all flight numbersy
leveled out and resched its essential maximum on the

fourth flight (rases 82y 86, 88).

o The subldect rilots showed 2 significant rreference for the
automatic advisory service (TAS and RAS) a8s a3 wholey over

the disrlasy (e.d. sizey ledibilityy and color) (radge 82).

0 Arrroximatelw one-~third of the increase in =ilot
satisfaction with exrerience maw be associated with

increasing familiarity with the sustem (rade 89).

o The subdect rilots redarded the sutomatic advisory service
most highle whern the imtruder was least likelw to be

visible (radge 94).
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- USE 0OF THE ADVISORY SERVICE.

- o An observed decresse in the time to viswasl sceuisition of

tyaffic sugdests that the automatic advisory service aids

the silots in schievinsg visual contact with the intruder
aircraft (wage 107).,

O Mirdmum sesarations were sigdgnitTicantly larder when rilots
comelied comrletely with the RAS than whern thew did not

(eages 111y 1200,

0 The subdect =ilots comslied comerletely with the RAS  more
- ' oftern  whernn the intruder was above the subdect sircraft

tharn when he was helow (sasge 116).

g There was (o asignificant imerovemert i achieved
serarations  as  exsrerience  with  the asutomstic advisorw

service incressed (radge 123).

o Roth horvizontal and vertical masneuvers were  found to
signifticently incresse serarations bhetween aircraft {(radge

1245,

o The sugbdect eilots manewuvered most often  in head-on
encounterss less  oftern i latersl encounterss amo lesst

often in tail-chase encounters (waste 128).

CHARACTERISTICS 0OF THE TEAINING EROGRAM.

o The subdecl wilobts dained wmost of their knowleddse of - Lhe
automatic advisorwy service throuwsh self-studye wilth
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Pilot's Marnual. A classroom training session did Iittle
to  increase knowleddge of the sustem over and above that

already dgained from the marual (rade 13%5).

o The subdect rilots dHasined additional knowleddge of the
sustem throughout the flight test srodram as 3 result of
actusl flight exreriencesr but their increase in
rerformance on the esreflight exam leveled ou£ at its

maximum bw the fourth fliﬁht (rade 135).
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EECOMMENDATIONS

o The level of disrlaved information should be kert to a
mirdmam  for  Lhe sake of clarity in communicating to the
#ilot onlw the locetion and rredicted relastive motion of

intruding airceraft.
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FLIGHT PATTERNS

 APPENDIX A

This appendix contains a copy of each of the six flight patterns
{patterns A - F), The solid line represents the planned path for
the subject aircraft and the dashed line represents the planned
path for the intruder. All six paths use the same four navigational
points; Atlantic City Airport (ACY), Millville Airport (MIV),

* . *k
Rainbow NDB (RNB), and the Sea Isle VOR (SIE).

*
Non-directional Radio Beacon

*% :
VHF (Very High Frequency) Omni-directional Range Station

A-1
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"DATA COLLECTION FORMS

APPENDIX B

This appendix contains the blank forms that the pilot, observers,

and the flight coordinator completed throughout the flight test series.

Page
Fbrm 1 - Preflight Exam | B-2
Form 2 - Flight Log B-4
Form 3 - Flight Debriefing B-5
Form 4 - Encounter Log B-8
Form 5 - Encounter Debriefing B-10
Ground School Exam B-11



PILOT ID: MISSION NUMBER: DATE:

1.

2.

3.

7.

9.

WHAT

WHAT

WHAT

WHAT

WHAT

WHAT

WHAT

WHAT

WHAT

'PRE FLIGHT BRIEFING FOR SUBJECT PILOT

DOES THIS NUMBER REPRESENT?

COLOR IS THIS SYMBOL?

DOES THIS LINE REPRESENT?

DOES THE LENGTH OF THE ARROW REPRESENT?

DOES THE CIRCLE REPRESENT?

COLOR ARE THESE SYMBOLS?

DO THESE SYMBOLS REPRESENT?

DOES THIS SYMBOL REPRESENT?

COLOR IS THIS ADVISORY?

FORM 1 - PREFLIGHT EXAM

(page 1 of 2)



6,7

FORM 1 - PREFLIGHT EXAM

(page 2 of 2)
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OBSERVER'S LOG

[1] DATE: [2] TIME (LOCAL):
[3] TEST PILOT ID: [4) PILOT MISSION #:
[5] SAFETY PILOT 1ID:

(6] OBSERVER ID: [7] FLIGHT 1D (A to F):

[8] TEST AIRCRAFT 1D: [9] INTRUDER AIRCRAFT ID:

[10] PRE-FLIGHT CHECK OK (Y/N): IF NO, SPECIFY PROBLEM:
[11] WEATHER: SKY(0-9):  [12] CEILING: [13] VISIBILITY:
[14) OBSTRUCTIONS TO VIS: [15] TEMP:

[16] DEW POINT: [17] WIND DIR:

[18] VELOCITY: [19] ALTIMETER:

[20] PREDICTED WINDS ALOFT (AT 3000 FT):

[21] DEPARTURE TIME:

[22] ABORT (Y/N)? (DESCRIBE IN "NOTES" BELOW):
[23] AUDIO RECORD START (Y/N):

[24] STOP WATCH START:

[25) ELAPSED TIME STRAIGHT & LEVEL:

[26] ALTITUDE STRAIGHT & LEVEL:

[27] DME FROM ACY AT S & L:

PRE-FLIGHT NOTES:

FORM 2 - MISSION LOG

(page 1 of 1)



DEBRIEFING FORM

[1] Test Pilot 1D: {2] Pilot Mission #:

[3] What did you think of the colers used to code the ATARS
information?

(4] Would any additional traffic advisory information be .useful
to you in deciding what or what not to do?

,[5] Was there unnecessary information displayed?

Rate (0-9) each component of the traffic advisory service in terms
of how useful it is to you in managing an encounter situation?

[6] Tbasic traffic symbol + L
[7] relative altitude
[8] -out-of-range traffic symbol (A)
[9] wvertical speed
[10] traffic course track
[11] own aircraft course track
[12] >re1ative motion line
[13] range ring
[14] point of closest approach

[15] turn status

[16] resolution command

r——

ATARS provides traffic advisories and resolution advisories. How
would you evaluate the relative contribution of these two services

in maximizing your safety? For example 50-50, 2 to 1, 1 to 10,
or what?

[17] Traffic Advisory:Resolution Advisory

FORM 3 - MISSION DEBRIEFING

(page 1 of 3)



[18] Did the information in the traffic advisory prompt you to
take avoidance maneuvers prior to receiving a resolution
advisory?

Never
Sometimes
Often
Always

[19] How confident were you of the advisability of these
maneuvers?

Not at all

Somewhat

Very

[20] In a threat situation, did the traffic adv1sory service a1d
‘you in visual acquisition of the traffic?

Never
Sometimes
Often

Always

[21] Once you had visually acquired traffic, did you:
forget about the screen.

continue to consult the traffic and
resolution advisories »

ignore further traffic advisories, but
respond to resolution
advisories

continue to consult traffic advisories,
but ignore resolution
advisories

FORM 3 - MISSION DEBRIEFING : B-6
(page 2 of 3)




[22]

[23]

[24]

[25]

[26]

[27]

How adequate was the traffic advisory service in preparing

"~ you for the resolution advisory?

not useful at all : !
somewhat useful
very useful
How confident are you that the resolution commands maximize
the miss distance.
not at all confident
.somewhat confident
very confident
1f you never see the traffic how do you feel about following
the resolution advisories? ‘
not at all confident
éomewhat confident
| very confident

Please rate (0-9) how you feel about all aspects of the dis-
play format together (size, legibility, color, etc.)

On the whole, please rate (0-9) how you feel about ATARS
service.

Can you suggest any mods or improvements in the display

or service?

FORM 3 - MISSION DEBRIEFING B-7

(page 3 of 3)



(1Y TWITUSTON BUMLG: () Thol PILAT To:

(3) PILOT FMISSION HUMBLR: (4) TLIGHT LUG (1 2 3 4 )

(5) ALTITUDE MAINTENAKCE: (6) COURSE MAINTENANCE:
(7) TURBULENCE? HOW MUCH? (8) WORK LOAD BEFORE INTRUSION
(9) TIME OF FIRST ADV1SORY: (10) TIME PILOT NOTES ADVISORY:

(11) STAGE PILOT NOTES ADVISORY( P TH R )
(12) TIME-OF.WLSUAL ACQUISITION: (13) IF ONE WAS IT-PLANNED?

(14) ADVISORY TYPE( P TH RES )

(16) 1F MORE THAN ONE, DRAW SYMBOLOGY:

(13) INTRUSION TYPE( HO PU TC) WAS THE MOST CRITICAL PLANNED?

(17) TRACK INTRUSION:

(18), PROX THREAT RES AD

JOCCURS (time)

MANEUVER(Y/N)

(19) ON SCREEN RES MANEUVER TAKEN

TYPE MANEUVER
(CLI,DES,RIGHT ,LEFT)

RATE
(BANK OR FT/MIN)

COURSE CHANGE

(FEET--DEGEES) /
(20) DOES PILOT HEAR THREAT? (21) TYPE COMMAND RECEIVED:
(22) DOES PILOT HEAR CLEAR? (23) TIME BACK ON COURSE:

(24) CRITICAL EVENTIS?(E.G.OTHER TRAFFIC)
(25) ADV1ISORY TIMMING---TO SOON ABOUT RIGHT TO LATE

———

(26) RESOLUTION: CORRECT NOT CORRECT ‘DONT KNOW

FORM 4 - INTRUSION LOG

(page 1 of 2)
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[30]

(31]

[32]

(33]

[34]

{35]

[36)

(37]

(38]

RESPONSE CHECK LIST:

(ALL RATING SCALES 0-9)

ALTITUDE DURING INTRUSION (RANGE IN FT.)
COURSE DURING INTRUSION (0 - 9)

MAINTAIN INSTRUMENT SCAN (Y/N)

MAINTAIN EXTERNAL SCAN (Y/N)

MANEUVER COORDINATION (0 - 9)

AIRSPEED CONTROL (0 - 9)

FUEL MANAGEMENT (OK / NG) LAST INTRUSION ONLY
PROP SYNC (OK / NG)

WORKLOAD RATING (0 - 9)

FORM 4 - INTRUSION LOG

" (page 2 of 2)
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[2] Test Pilot 1D:

[4]

(s}

(6]

(7]

(8]

(9]

Where did the intruder come from (clock position)?

[1] Intrusion Number:

(3] Pilot Mission #:

Did the display light up in time?

Did the threat advisory occur too early or too late?
Did you find ATARS useful in avoiding the traffic?

Did you maneuver before you received an advisory?

1If yes, why?

Did you find the resolution advisory or the display the most

helpful?

(10]

(11)

(12])

[13]

[14]

[15]

What did you think of the resolution advisory?

Was the intruder going faster or slower than you?

Was the intruder ATARS equipped?

Was he above/below you or at same altitude?
How would you rate the workload of the intrusion (0-9)?

Would you rather have ATARS advisories or traffic controller

advisories?

Both?

FORM 5 - ENCOUNTER DEBRIEFING
(page lofl)
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ATARS Orientation Test Format

Which of the following might occur several minutes before
point of closest approach?

1)
2)
3)
4)

Proximate advisory
Traffic threat advisory
Resolution advisory

Both 1 and 2

If you choose to ignore a resolution advisory, and decide’
to maneuver at your own discretion:

1)

2)
3)
4)

Your ATARS display will automatically shutdown leaving
you to rely on manual resolution of traffic conflicts.

You will have violated FAA regulations.
The probability of in-flight conflict decreases.

None of the above..

Upon evaluating the traffic situation depicted above which
aircraft is(are) the most critical threat(s)?

1)
2)
3)
4)

The aircraft at 3 o'clock.
The aircraft at 3 o'clock and 10 o'clock.
The aircraft at 7 o'clock.

The aircraft at 10 o'clock.



Which of the following is false?

1)
2)
3)
4)

The threatening aircraft is 200 feet below you.
The threatening aircraft is climbing.
The most threatening intruder is located at 10 o'clock.

The large "X" represents the point of closest approach.

Which of the following is false?

1)

2)

3)

4)

Proximate aircraft are displayed because they set limits
on possible maneuvers to avoid or resolve a conflict.

Proximate aircraft are displayed because they can at
any time, become a threat.

Proximate aircraft are never displayed when a critical
threat appears.

Proximate aircraft advisories occur with any altitude
separation of less than 2000 feet and range less than
2 nautical miles.

The symbol '-‘P' means:

1)

2)

The aircraft is ATARS equipped.
The aircraft is controlled by ATC.
The aircraft is a threat.

None of the above.

B-12




7. If your screen is clear (no traffic), the ATARS display will
alert you to the presence of a threat by:

1) Displaying the relevant symbols on your screen.
2) Emiting a 'beep-beep' every 4.7 seconds.
3) Emitting a synthesized voice warning 'threat’.
4) Both 1 and 3.
00
B
8. Upon evaluating the two separate 51tuatlons above, one can

conclude that:

1)
2)
3)

4)

In situation B the threatening aircraft will pass
behind you.

In situation A the threatening aircraft w111 pass
in front of you.

In both situations the altitude of the threatening air-
craft is identical to yours.

In both situations the estimated point of closest ap-
proach will occur in 30 seconds.

Given a threatening aircraft at 12 o'clock with the following pro-

perties:

(¢]

o

velocity is less than yours.
aircraft is 200 feet above you and descending.
range is 2 nm.

aircraft is turning.



10.

Which figure will appear on your ATARS display?

1)
2)
3)
4)

Figure a
Figure b
Figure c

Figure d

All simultaneous thredts will:

1)
2)
3)
4)

be represented by green target symbols.
be supplied with relative motion lines.
cause a resolution advisory to be displayed.

be represented by a red '4;'.

B-14




11.

12.

13.

14.

A resolution advisory will:

1) occur several minutes before the time of closest ap-
proach.

2) compel the pilot to take the recommended evasive
action.

3) typically occur at most 30-40 seconds before the time
of closest approach.

4) never occur when you really need it.

A yellow circle centered on the asterisk representing your
own aircraft:

1) defines a range of 4 nautical miles.

2) defines a range within which an intruder will be identi-
fied as threatening.

3) defines a range of 2 nautical miles.

4) defines the advisory picture area.

Proximate aircraft which fall outside of the advisory picture

area:

1) cannot be displayed by ATARS.

2) will be represented by an '"X" at the appropriate bear-
ing and at the edge of the picture area.

3) will be represented by a green triangle which will
always appear at the lower left of the picture area.

4) will be represented by a green triangle at the appro-
priate bearing and at the edge of the picture area.

Which symbol within the advisory picture area provides a
graphic display of threatening traffic?

1) a
2) a
3) a
4)

[+

green '
yellow asterisk
red

red “$'



15.

16.

When a

1)
2)
3)
4)

IR Y g

red '+02' symbol appears next to a traffic symbol:

a threatening aircraft is located 200 feet below you.

a proximate aircraft is located 200 feet below you.

a threatening aircraft is located 20 feet above you.

a threatening aircraft is located 200 feet above you.

An up (f) or down (J) arrow is displayed next to the alti-
tude information to tell you:

1)
2)
3)
4)

whether your separation from the aircraft is increas-

ing or decreasing.

the direction of vertical movement of a threatening

aircraft.

the predicted point of closest approach.

the direction of vertical movement of proximate or
threatening aircraft. ‘

For questions 17, 18, and 19, refer to the Figure below.

17-

RIGHT
NO CLI

The symbol which depicts the present position of your plane

1s:

1)

2)

3)

4)

"_Fl

||+04 "
l‘*‘v
'LP"

B-16



18, The predicted point of closest approach of the threat is repre-

19“

20.

sented by:

1) *

2) Right
NO CLI

3) ‘X '

JRRY

The symbol that depicts a threatening aircraft, its relative
motion, course, and point of closest approach is:

n W

2) +04
3 )
4)

Fast moving threats have:
1) short course arrows.

2) relative motion lines angled close to their
course arrows.

3) relative motion lines angled far away from their
course arrows.

4) blinking threat symbols.
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