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NOTICE

The Automastic Traffic Advisory ahd_Resoltion Service (ATARS)

was 8 concert that enyisioned ground-tpased. Niscrete Address

Beacon Sustem (NARS) sensors ecuirred to wfovidé a Colliﬁion
avmidéncé service, Irmn October 1981y the Federal Aviation
Admiristration discontinued develosment work on the ATARS
concerts as being redundant with decisions to imwlemeht a

ground~inderendent collision avoidance suystemy TCAS.

This rerort documents tjata derived from the ATARS

develorment rrogram and describes technical characteristics

of such &8 collision avoidance service., The surrose of the
rerort s  technicsal documentastiomn. No imelementation or

further develdpment of ATARS is antiei#atedo



ABRSTRACT

This rerort rresents the recgulls of 3 larsge scale sustematic
field exreriment conducted at the Federal Aviation

Administration Technicai Center to evaluste the utilitws and

the human facltors assrects of an sutomatic advisorw service.

The automatic advisorwy service is comeosed of two servicessd

1. a Traffic Advisorwy Service (TAS) which disrlavws a
continualle urdatedy course-us traffic mar of the airsrsce

~y

around the subrdect sircraefly and 2. 8 Re

alution Advisorw
Service  (RAS) which susgests conflict avoidance maneuvers
caleulated orn the bhasis of  ground  radar surveillance

information.

Analuses of =ilot  orinion dmta Sexamines ﬁhe Pilwtﬁ'
assessments of the informastion conternt of the disrlaus anq
their accertance af Lhe automatic advisory serviém.
Obdective datay takern bw on-board observers carwd trwe
ground-based surveillance @muiwmenty is wsed  to analuze.

rilot reactiorn Lo adviszoriesy serarztion reswultsey arnd visual

ageauisition serformnsnce.

e
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EXECUIIVE SUMMARY

This rerort rresents the results of & larde scale swustematic
Tield exreriment conduclted atl Lhe Federal Aviation
Administration Technical Center to evaluste the utiliﬁsy &l
the human faclors asreclts of an sutomatic advisorwy service.
The autmﬁatic agdvisory service is comrosed of two 5ervice$$
1. @& Traffic Advisory 8@rvice (TAS)  which displaws“a‘
continually urdatedy course-us traffic mer of the asirsrace
around the subdect airmfafty arnc 2. é Resolution Advisors
Service (RAS) which suggests conflict avoidance maneuvers
calculated on  the besis of ground radar  surveillance

informatiorn.

The flisht test srogram involved 12 subdect rilots fluing 72
flights (& Tlighls each)r din a total of 424 near miss
encounters. Phusical (Flight) date were Laken b onwhoard
QhﬁePV@Pﬁv arvi  bw ground-tbased maﬁn@tiw Ltare recorders.
Hubdective dalas concerrning ﬁiimt arinion and rercertion were
collected with sost-flight and rost-encounter déhriefinﬁs;
Thé analysis of these dalta is divided into the following

five calesories?

) Nerendence of Data on Test Conditions

-~

‘.-
o

Filot Utility Assessmwent of bthe Advisory Service
o Filol Accertance of the Advisorwe Service

v Use of the aAdvisorw Service

-

y Charvacteristics of the Training FProgram

[
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In subjective messures of orinion and obdective measures of
P@rformancer the advisory service was found to have a hish
ﬂ@ﬁree of rilot  =zccestances  and it Qas found'to éid the
Pilot in manasing midair eneountérﬁy There wag- 2 disfinct
Freference shown for the TAS over the RAS. Anaslusis of dats
on the Cluéeﬁt Foint of Aseroasch  (CPA) showed thaty 'for
@ncounters with CFA  less +than 1000 . feets th@"averaﬂe
achieved minimum slant range incressed bw 22.9 rercent when
#ilots cumwlied comrletely with the resolution advisories

over when thew did mot.

The results of the analuysis lesd to the following

conclusions?

o Horizontal and verticsl maneuvers in  resronse 1o an
automatic advisory service #re effective in incressing

agircraft serarastion.

18] Suwwlﬁm@ntéru informations over ard  above the - basic
rosition  and relative moltion informatiorn: is wunwanted bhw
rilotsy  and  interferes with  their comsrehension of
traffic situstions. Conflict 'reﬁalution,adviﬁories_éré

seen as less imrortant than bthis hasic information.

o Certain charaeteriﬁticm of #ilot' interaqtion with an
automstic advisore servicers (such as the abilitw td
maximize achieved ﬁeparatimn)s are established bs‘ the
very first flight exrerience with the servicey whilé

other characteristios (such as  satisfactiorn with the

W
=
e
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.

gservice and time to visusl acauisitiorn) take four flidht

rariences to mature,

o Self-studw with & comprehensive training manusl  is  an
effective method for training eilots in the use of an

antomatic advisorwy service.,
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INTRODUCTION

This rerort rresents the results of & larde scale sustematic

field exreriment cmnducted at: the Federal Aviation

’Administration Technical Center to evaluate the utilitwv aric

humarn factors asrects of an automatic adviﬁdrs sarvice., The
sutomatic advisbru service ié eom#oséd of two services., The
firsty called Traffic Advisorwy Service (TAS)» cunsistﬁ of
displauéd sumbolosy dericting the actual 1bcation‘0f nearbs
traffic, The second is a ResolutiohAAdvi$oru Service (RAS)
which suddgests rossible avoidance maneuvers. The rurrose of
the advisory service is to increase safetyw bu'wrovidinﬁ the

rilot with detziled information on rmearby sireraft.

See~and-avoid has been the Priméru means of avoiding midsir
collisiong for wilots flwing under Uiﬁual Flight Rules (VFR)
anid Insirument Flight Rules (IFR). in Visual Meteoroioﬂiﬁal
Conditions (UMC). Once an aircraft is visuallw acquiredi the
Eilot makes s threat assessment. At rresenty the'informatimn
used in making 38 threat asssessment (such as velocitus
headings and altiiude of an 'aircraft) ié determined 5%
visual observation suw#lemented‘bu déta obtained fTrom ATO

advisories.,

One of the soals of the TAS is to rrovide enoush information
o both  rFroximate and rotentislly threstening aircratt so
that & rilot can visually sceuire the aircrafts make . an

acecurate  threst assessment snd avoid increasing danger and



s

the necessite for extreme maneuvers. At sresents asir traffic
controllers surrort see-and-svoid orerations he  Froviding
advisories td the wilot on &8 work-rermitting basis. The
automatic advisorw service is desisned to rrovide hisgh
auality  advisories a5 8 Tulltime service for all enuirred

agirvceraft within the coveradge area.
The rerort is divided into the following sectionsd

a Rac lf grourd

o Sustem overview

‘o Flight Test Frogram Obdecltives

o Test Structure

o Test Execution and Dats Collection
0 Nata Reduction and Anslusis

0 Results

o Conclusions

0 Recommendsations

The Tirst section rresents a8 brief histore of studies
involved in  the develorment of various collision avoidance

sustems.

The "Swstem Overview" erovides an ewxslasnation of the
endineering  desisgn of both the hardware and software swstem

structures.

The thirdsy "Flight Test Frogram DhJectivese® descoribes the

obdectives of this studwy.



The "Test Structure'-éection is divided into six Suhsectimné.
and 3 ﬁummaraldescrihing the variﬁug ssrects of the flignht
test Pfﬂﬂram. 'Reaﬁons for flight rattern selection and
rrocedures for rilot selection and training aré-wbesented a4

well as a discussion of the test slan structure.

The Ffifth sectiors "Test Eﬁecution and Data Collections®
describes the execution of the flight test srodgram and how
the data was ﬁatheredy srocessedr and entered into a
comrrehensive data base for analusis. Torics covered are

activities bhefores duringy and after a test flight.

'The simth sectiony "latas Reduction andvﬁﬁalusiﬁy' is divided
inte five subsections and a Qummaru. The de?endenCe of test
results on eitheﬁ test design characteristimgi {e.d, Flight
rattern twre) or other factors not Strimtiu_aontrmllabie is
examined, Filots’ evalustions of the disrlaved information
and comments redgarding the information level are'examined.
Evidence of rilot satisfaction and accesrtance ‘are also
examined in detail. Visusl aceuisition dats and roint of
closest arerroach information are examined to identifw Piiut
behavior..The traininﬂ Frogram is assessed in the ﬁubsectidn

"Characteristics of the Training Frogram.®

The lagt three  sectionss "Resultsy  Conclusions  and

Recommendatiunsy' summarize the findings of this studwa,
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BACKGROLND

The reauirement for thé_develmwm@nt of & discrete addrésg
pezcon  swstem was ddentified in the 1969 lDerartment of
Tramsrortstion (LOT) Aif Traffic Control (ATC)  Advisorw
Committee Sty (Reference 1), The studwe recommendedd
modifications to the rresent aAir Traffic Control Rédar
Beacon Suwustem (ATCRRS) which would im#rove the surveillance
Bccurécs and the reliabilitw of the sustem. Srecificallwr a3
diﬁérete address mode déta Limk  function (ﬁude 5) was
sroroased which would susrort a8 swustem which auntomaticallw
transmitted thaffic advisories to the rilot. This ground
based sgﬁtém;'called Intermittent Fositive Control (IFC) >
would orerate in the multi-comeuter Mode S grmund eaulrment.
The ‘IFC algorithm would #roceﬁﬁ -faw surveillance data
surrlied by the radar site and send individusl messades tm_
each aircraft ecquirred with 3 Mode 8§ transronder and related
ciselaw eaui#meﬁt. The rilol would reeéive the tratfic
gdvisories on a8 disrlaw installed in the asircraft instrument

Farnel.

Roth tne comruter slgorithms and the cocksit disrlaws  for
this service have wunderdgone & steadwe evolution since the
1269 DOT studw, A sindgle-site aldgorithm was rublished in
1975 (Reference 2)., A multi-site algorithms called IFC
Change 2y was published in Sestember 1976 (ReTerence 3) | and
subseauently tested at the Federal Avistion Administration
Techrnical Center and at sites in Clementorn and Elwoody New

4
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Jersew. Flight tests Qf ‘the single-site aldorithm were
conducted at the Mode S exrerimentazl facility at Hanscom Air
Force Rasey Massachusetts from QOctober 1974 to February 1977
bw Lincoln Laboratory (Reference 4). A& secord stude which
came out of this testing exsmined the effects of the IFC
displaw on visusl asceuisition (Referernce S Lincoln
Laboratore was concerned with the deéign of & traffic
advisory service that comelemented the ground-based
resaolution Serviee while mainﬂaining comeratibility Qith
other arrlications beindg develored for the Mode 8 data link.
Thew develored the messasge formals that rrovided the ‘rilot
with the information that he recuires while attemwtinﬂ to
minimize the workload involved. There were 103 flidghts
comrleted im  this teslt series. The results of this testins
of the original IFC aiﬁmrithms demonstrated Lhe uéefulnesﬁ
of the Lraffic advisorw rortion of the IFC as an aid to
visual acauiﬁiiioﬁ of trafficsy howevery it was also fouﬁd
that, in,.maﬁu cases the Piletfwag unable to make a threat
assessment based on the limited amount Aof information
srovided bw  the IFPC disglaew. Clock rosition and relaiive
sltitude information 8lone did nﬁt rermilt = effective
determination of the direction in which it was safe to turn.
The rFresent BdViSOPBV service - aldorithm (the Automatic
Traffic Advisory and Resolution Servicey ATARS) is based on
the results of the Lincolrm Laborstorw testss knowleﬁﬂe
gained from orervation of IFC Change 2y and simulastion

studies of sindgle-site IFC done be the Technical Center
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Reference &) and Lhe

In _Uctober 1981

the Federal

MITRE Correration.

Aviastion Administration

discontinued work on the ATARS concerty deeming it redundant

wWith

decisions

to

imelement

&

ground=inderendent

collision

avoidance sustems the Traffic Alerlt and Collision. Avoidance

Sastem

(TCAS) .
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SYSTEM OVEERVIEW

The asutomsatic advisorw service used in this test rrodgram
utilizes the Mode S dround swstem to communicate with
airbﬁrne disrlaw ,instrumentation. The relationshiﬁ between
the suestem comronents is  rresented in terms of two
sustem~level block diastramss ’one showing the hardware

confiduration and one showing the software configuration.

- The hardware design for the automatic advisory service -is

shown in Fidgure 1. The three main blocks are 'Intruder.
Aircrafts® "Subdect Aircrafty" and  "Mode S Sensor.® Th@
intruder aircraft is suerlied with an ﬁTCRBS transronder
which rerlies to Mode S sensor inmterrogations. The Qthect
aireraft also resronds to  the Mode S iﬁterroﬁationg arid

receives data link messades throudgh the Mode §  tranmsronder.

Any  advisorys whether TAS or RASy ig dgiven epriority for use

be the disrlagw. The Mode § sdround swstem includes 8
surveill ance furictiony = the advisory service comeuter:

function and & data link function. The surveillance function

gathers altitudes rositioms aircraft identification rumbers

cand agircraft ecuirade information which the advisory service

function srocesses to identifw rotentiasl conmflicts. The
Mode S data linmk function thern transmits the TAS and RAS
messadges develored by the advisory service function to the

gubdJdect sircraft viaz the surveillance function.



INTRUDER AIRCRAFT

SUBJECT ALRCRAFT

-

AIRBORNE
INTELLIGENT
DISPLAY

ATCRBS MODE S
TRANSEPONDER TRANSPONDER
[
MODE S '
INTERROGATIONS/ MODE S INTERROGATIONS/REPLIES

ATCRBS REPLIES

AND DATA LINK

MODE S SENSOR

| FUNCTION FUNCTION j FUNCTION

MODE S MODE S MODE S
SURVEILLANCE ADVISORY SERVICE -»{DATA LINK

Y
TRAFFIC AND RESOLUTION ADVISORIES

FIGURE 1 - HARDWARE ENGINEERING DESIGN

BLOCK  DIAGRAM




The software block diagram (Figgre'E) shows the data flow
through the advisoryg ‘service function. Surveillance
information is rrocessed bw the *Sector Frocessing®  module
where aircraft velocitw and Poaitioh information (which
comrrise the "state vector®) is smoothed. This track dats is
then turned over to the "Aircraft U#date' module where the
Prédiction time for easch state vector uithin‘a current
sector is urdated to 2 common time. The aircraft under
advisory service coveradge are ordered bwe coordinatevvand
aircraft with both low altitude and low_s#eed are entered in
the *"X-List® with =211 other agircraft enterved in the
*EX-List." The next ster in the rrocess is the "Cosrse
Screen” where each aircrafl is assigned a threewﬁimehsionél

window. If other aircraft are detected inside this windows

they become rotentisl rairs. This list is then examined b

the conflict detection alﬁmrithm which claﬁﬁifies'tfaffic
into two catedories’ Froximate and Threatenins. These
classifications are made an the basis of veldeitieﬁr current,
seParaiionv closing rates and & Prodecied mises distance
calculated from current tradectories. (Table 1 shows ~ the
advisory thréshold ceriteria for these classificationsr and
for the issuance of conflict fesdlution‘ advisories.). The
ture of service reauired (TAS OP‘RQS) ig thern determined. If'
g2 resolution is recuiredr the “"Master Resolution” module
determines which ture of resolution messadge is _apwropriate.
Fositive advisories are those that advise the rilot to

maneuver in a8 srecific direction (e.g. turn left).
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TIME UNTIL

CLOSEST
FROJECTED FOINT OF
MISS ALTITUDE VERTICAL
DISTANCE SEFARATION  RANGE AFFROACH
(N, Mi) (FEET) (N. Mi.) - (SEC)
FROXIMATE
if - <2000 ., -
or if - £2000 £ (U14+VU2)X30 -
THREATENING
if <1 <900 1.2 -
or if 1 - 1.2 £50
ar if <1 - - 50
or if <1 £900 - -
RESOLUTION
ADVISORY
18
ISSUED
if <1 : =750 0.75 -
or if %1 - 0.75 25
or if 1 - - 25
or if <1 750 - -
ADVISORY
1S
NEGATIVE
if 0.5 _ - - .
or if - » X7 -
FOSITIVE
if 20,5 375 - -
ADVISORY THRESHOLDS
TAKLE 1

11

TIME UNTIL
CLOSEST
FOINT OF
HORIZONTAL.
AFFROACH
(SEC)
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Nedative advismrieé are those that advise the silot not +to
maneuver in a srecific directionn(e.so do rnot climb)., If a
traffic advisory alone is raaﬁiredy the "Master Resolution®
module is burassed. Both the RAS and TAS are then Processed
bw  the 'Data. Link. Message Construction' module which
Frerares  the formats and messade stringsg for the "Mode S
Data Link Furnctiorn.® Mor@‘specific details of the messade

formats cam be found in References 7 & 8.
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ELIGHI IEST EROGEAYM OBJECIIVES

The obdective of this flidght test rrodgram was to determine
the characteristics of rilot irnteractiorn with am automatic
traffic and resolution advisorw service. The characteristics

were divided into the following areas for analusis:

o Filot Utility Assessment of the Advisorw SerQice
0o Filot Accertance of the Advisoru Service
o Use of the Advisory Service

o Characteristics ofAthe Training Frogram

In the first aresy "Pilot Utilitw Assessment of the Advisorwy
Servicesr® the flight test srodgram examines the.usefulness of
the service as reflected in the Pilbts’ ratings of the

disrlaved data.,

The second areas "Filot Accertance of the Advisorw Services®
considers the rilot’s  assessment of the credibility and
accuracy of the TAS and RAS. Some of the cuestions addressed

are! Do rilots like the sustem?’ Are rilots satisfied with

the sustem?

Under the third catedorgy “Use of the Advisors Servicer® the

flight test rrosram exrlored the extent to which subdect
Filots used information obtained from the disrlaw when
manading encounters, Questions such asy "id - the subdect
rilots wse the RAS to make these avoidance maneuvers or did
they use the traffic advisory service to assess their own
maneuvers?' are examined in detaii.

13
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Fimnzllwy "Characteristics of the Traiming Frogram® addresses

auestions redgarding the amount and ture of training that

#ilots need beTore thew can use Lthe sustem eflfectively.

14
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IESI SIRUCIURE

INTRODUCIION.

This section covers the test rlan structure and is divided

into the following seven main sections?
o Flisht Fath Geometries
o Schedulins
o Filot Selecfion
o Training
o Flight @etivities
m'Factors Outside of Strict Control

0 Summary

The first section examines the six flight ratterns used in
the test srodgrams how they were selected» and the reason for

the encounter arra2ndements.

Scheduling - of #attern ture and ?ilot sequencing are
exrlained in the sectionr “*Scheduling.” The: orderinﬂ of
flight ratternsy eaual distribution of time of déQ ard
disﬁributed.learninﬂ asrects were accompiished bQ means of &

latin sauare desidn.

There were several restrictiomns in  the subdect pilmt
selection srocess that had to be strictly observed., The
determination of these restrictions and  the Seiectioﬁ
PrOoCcess are examined din the section entitled 'Fildt

Selection,"®



The fourth section discusses the three tures of trzining the
#ilots received! s Pilot’s Manuasl (Retference %)y sround
school and one familiarizaetion flight in  the  subdect

aircraft.,

The section "Flidght Activities® examines the srocedures of
the test flights the subJdect silot’ s exrerience and the

resronsibilities of the observer and test safeltw =ilot.

Certaein conditions hamrered some tests and sometimes caused
a Tflight to be cancelled or sbhorted. "Factors Qutside of
Strict Controly” exrlasins what these conditions Wwere

relative to the flight tests.



ELIGHI EATH GEOMEIRIES.
This section is divided into two subsections?

‘0 Selection of Flight Fatterns

o Encounter Arrandgement (Conflict Geometries)

SELECTIION OF ELIGHI EQIIEENS; A total of Sim flight ratterns
were develoredd each rath using the same four navigatiohal
roints (see Flight Fatterns, Arrendix A). The selection éf
the flisht rath deometries was limited bw certain rractical
eonsiderationslsuch as Qensor coverade areass navidgationsl
workloads the need to avoid the Philadelrhia terminal
control arear New York Center zirssacer and the McbBuire AFE
.econtrol  area. The encounter arrangements were designed to
maintain an even distribution of encounter tures '(hea&mony
tsil*éhaSeyand lateral) over all six flights. The stoal in
selectiﬁs the flight raths was to establish s series of
flights for the rilot that were?
o Congistent with ﬁormél and  exrected Flisnt
operations.- | |
o Confined to the 60 nautical mile (rm) coverasde area
of the Clementony New Jersew Mode S sensor.
(a} Easiis observed and éontrolled from the 'Teehnimél
Center. |
0 Easile managed bw Certer test‘ rilots  $0 that the
recuired encounters could be set ur and executed

successfulle.

17



ENCOUNIER AREANGEMENT (CONELICT GEDMEIEIES). Thée conflict
3eometries were selected so  that thew exercised the full
randge of the advisord service disrlaw cersabilities. During

the design stasges of the  flight test srogram  several

decisions were made in order to ortimize the varietw ‘of

auvestions that could be snswered and the relizbility of tne

answers to these questions.

Omne Qf the issues concerned the number of aircraft that
would be used during the ‘flight tests,. Analusis of the
rature of the aircraft conmflict led to the restriction that
onlg those conflicts that involve Just two sircratt would be
considered. Two aircraft encounters are not the only tures
that aﬁiﬁé; and sarticularly in besavily trafficked terminal
areasy - maneuvers desisned to reduce the sccident rotentisl
of one conflict maw create a domino effect with resrect to
other +traffic. Howevers in  order to redch the’numb@r_mf
design variables in the testy maintain safetwr and Lo
increase the statistical feliabilitu of the‘reﬁultS: ﬁhe

#lamned encounters were limited to two asircraft encounters.

The second asrect of the aircraft conflict is that the
intruder vector maw contain 3 vertical ass well a8s 38 lateral
comonent. Therefore conflicts maw arise bhecause - th@
intruding sircraft descends Loward the subect aircrafty or
climbs wup into the subdect aircraft. Because examination of
oreragtions during vertical flight encounters was nol the

subhect of this testy such vertical comgornent conflicts were

18
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ruled out a8s sustematic variastions in the desisin. Althoush
encounters Adurins turns and zltitude changes - did
occasionally ocoury denerallwy bthe intruder flew straight

and level into and through the encounter,

This left conflicts betweern aircraft st stable altitude

differences which were rartitioned into three general

classes derending asor thé lateral wosition of the intFQdero
These conflicts Were .called "head-on" when tﬁe irntruder
aireraft was closing with the subdect asircraft withiin #lus
or minus 45  desirees. Qf the.ﬁubdect aircraft ground track
feading, Encounters were considered as "lateral encounters’
if the intruder'aircraft was arrrosching 20 dedreese #lua o
mirgs 4% desirees relativa to the sublect aircraft heacding.
Finally "tail-chase" encounters were those in  which the
intruder was seerosching the target aircraft :within 45
3wﬂrees of the recisrocal of the subldect aircraft headinﬁﬁ
This rartitioning of encounter tures while arbitﬁarﬁy is a
reasonable comerromise to reduce the number of test varianbles
arl incf@age. tLhe statigtical reliahilitg of the test

resitlts.,

The sub.dect asircraft was 8 twin-endine Beech EBaron KBEMSE)
flown at &8 sreed of 120 knots. The intruder aircraft wss a3

Cessna 210 flowrn at 165 krnots.

19
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SCHEDULING.

Six different Pattérn5 were used in the test series. Each
rattern was flown ecuallw often bw each rilot and the
secuence of tﬁe ratterns was distributed. so that each ture
followed another eaually oftern. This was accomelished bw use
of 3 latin seuare design.

The criteria used to schedule the flights were as followst

@ The order in which the flight satterns were flown wae
different for each of the six silot rairs. This was
desirable because the ratterns maw ﬁot e the same
in difficulty I navigational workload) .,
Furthermores because of the course geqm&trQ certain
Patterﬁﬁ'eontain encounters that are easrticularlwe
diffieult to resolve. In order to distribute the
effects of flight exrerience evenlw over the sisx
w&ttefnﬁ (therebwy avoidins anQ hissed weidhting of
one) ezch rattern occurred in each rosition equally
oftern. To avoid carrg-over effects esch Pattérn Was
rreceded bu each other rattern eauallw ofter.

o I order to savoid the rossibly wunecusl effects of
time of daw (mmrnihﬁ and  afternoorn) uron  the
resultsy each rattern was flown amnm equal humber of
times i the morning and afternoon. In additiony
each =ilot flew an eaual nfumber of moarning and

Aafternaom fligihts.

o In order to tske adventage of distributed learnings

subJect rilots exPerien&ed a8 waiting weriod belween

20



Flights,

The fir5t-and second. criteria were satisfied using 2 ,1étin
sauare (Table 2) +to  assure that no two seéuencés were
identical, For examrles for rattern seauénce Jr eilot E flew
rattern I' in the morning for his third flight, and rilot G
flew rattern ' in the aftevrnoon for his thifd flight. The
third criterion was accomprlished by stirylating that!

o No silot could le more than one flight Pef“daso

0o No rilot could fly ﬁore than two flishts rer week.



E
L.

G

KEY:

Letteors

U

R
=

R

FILOTS

é

A

TARLE 2

F/A

s/t

h/a

ar

R

aslt

/3

- Fi

.b/a

= LATIN

SQUARE

FOR

SCHEDUL ING

FATTERN SEQUENCES

BR/K

I
a8/t

B
/&

Nesidnate

3

AT

the

Arserndix A Ffor ratterm dissrams).,

lLetters

&

& hi

lesidgrnate

Lhe

CAL

rattern

4

E/G

R
th/ a

tumes

H/

as/t

thrz

a/th

]
/s

L

A

S a

se (G@e

time of daw . that the Flisht

took slace (morning and sfternoony resrechivelw)

ey
Kow Vot



EILOY SELECIION.

The flight test rrodgram reeuired the rarticiration of 12
dgovernment emrlodeesy multi-endine rated rilots with at
least o hours of.flisht.time in the rrevious 3 months amnd 2
minimum of 200 hours of total flight time. Frosrective
subJdect rilots were notified bw letterr Center newssarer and
rublic address sustemy of 3 meeting which would brief them
o the rrogram and its reauirements. At the close of the
meeting all inierested ilots submitted applicétiﬁns for
rarticiration in  the flight test Pfosraﬁ. The apélications
cont;ined the rilot’s zircraft ratinds and fliﬂht’ hourss
which were used to determine whovwas.aualified. Out of those
who oqualifiedy tuwelve were;chmsen‘at random 3nd_1éttmr5_of

selection were sent to those twelve rilots.

Those selected were zssigned identification letters 'uhich-
were to  be wsed throughout the test séries» and each PilOt’
was ashked to filll out a  biograrhical backsground
euestionnaire which became _Paft of  the datae base. ﬁli
references to a rarticulsr rilot were made by identification

letterr never by name.



IRAINING.

The srime concern in the silot orientation was the
recuirements necessarwy for the silot to wunderstand the
advisory  service well enough to use the. information

effectivelw., FEach wilot received & PFPilot’s Manual for

self-stidy one week erior to ground school. Exams were given

at the bedirming and at the end of the dground sehoql. The
first was to see how much the Filots learmned from the
self-study materizl and the second waﬁvto see if the _Qround
school enhahced the rilot‘s understanding of the material. A
familiarization flight im the subdect aircraft was also
Pfovided @5 a training or rrerarators aid hefore any fFlight

testing bedan.

The first stes during the dground school session was Lhe
administration of & test covering the advisorw service. This
test grade became rart of 2 rermazrent data file of the
training rrogram for each silot. The ground school trainins
began after the first test was comerleted and sraded. The
entire sustem was reviewed with sreciasl emrhesis slaced on
thé areas iderntified as trouble srots from the fFfirst exam.
After the dground school session was comeletery the Filots
took 3 second examr similar to the one thew had tasken at the
bedinning of the session. Grades bhetween the silot
test/rewtesﬂ scores were comrared and averaded. Filots were
thern raired to the extent rossible so that easch . éf the &

flight secuerces would be flown by two silots with similar
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BCOTEE.

ELIGHI ALCIIVIIIES.

This‘section is divided into the following subsections?
o Test Flight
o Communications

"o Air Traffic Comtrol (ATC)

IEST ELIGHI. Béfore each tést flight thé safetw wrilot, ATC
coordinatory observersv and subdect éilot diécussed the
flight» Procedufes, ‘altituﬁes5. communications and flight
test requirements. The subldect PilOtAdid not Paricipate in
thoée briefinSS in which the encounters were rlanned and
discussedy since that rart was to be acted uron bm_th@
subdect silot when the situation occurred. In arder to ke
the score of these tests wiﬂhin reasonable boqnds; certain
Parametérs of the rlanned encounters were ‘held 'congtant
throughout the test series., Th@ée fixed asrects of the
encounters were Clearls‘ communicated to thei $ubJebt and
safetw rilots during briefings to énsure their understanding
of the flight tes! rarameter constraints?

o The subdect rilot considered both azircraft to be
orerating under VFR conditions (visibilits 4 rme
ceilindg more than 3000 feet).

o The intruder aircraft was eauipped with an altitude
encoding altimeter and transpondef. éircraft withmuﬂ
altitude encoding ecuirment were not rrocessed bw

2%



the dground-based advisorw ﬁefviwé eaunirment,. The
intruder was not eauirred with the arvisoryg service
'capabilitg.

o No ﬁTC involvement was staged, The subdect =ilot oid
not beceivé or ask for traffic advisories. Howevery
traffic advisories on aircraft other than the twd
test aircraft were urlinked by ATC in the event that
they were not Mode C @auiwwédov

o The safety miloty who was the Filot-In-Command (FIC)
was resronsible  Tor ensuring  adecuate seraration

throushout tLhe test series. The safetw rilot

surrorted the subdect rilot during the test flight

by hamdling the commumications. No helr was diven to

the subdect rilot during the flight with resrect to

brinding his attentiorn to the disslaw or rointing

out aircraft for vi#ual acmuiﬁiﬁion, The intruder
did not reéwond to the conflictsy only  the subdect
aircraft initisted maneuversy if the subldect milot
deemed it rnmecessarw. The intruder  aircraft  was
considered blind to the sresence of the ﬁubJebt
aircraft throushout all srhases of the encounters.
Encounters were desisned so that this last constraint did
not sroduce any unfeaﬁonahle demand on the ﬁubJect ar safety
#ilots. The velocity differences hetween the 5uhd&ct
aircraft were small so that modest maneuvers of the subdect
gircraft were . effective, Althoudgh the disrlaw contains a

number of feastures selectable bw the miloty 811 flights were
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flown under tﬁe follawiﬁg conditions (Reference 9 dgives a-
detziled xpianation of these features)!
o Disrlau! Diselaved rangde set on auto-addust
o Froximate Mode! Orption 5 (full sumbolodgy for threats
and non-threats excest that when a threst exists
simultaneously with a PPﬂHimaté : aircrafﬁ: the
rroximate aircraft will not diserlaw the altitude andg
velocity vector).,
) Prdximate srioritel No informétioﬁ_ other than the
advisories were transmitted to the dissrlaw,
o Information lLevel! All flights were flown with the

full advisory service.

Refore a test fiiﬂht the observers would comelete @ flisght
log with information about the weathery sirrort conditionss
aircraft statusy and time of daws, The subdect rilot
comrleted a3 rrefligsht exam srior to the daw’s flight
briefing, During the fiiﬂhty the .observer comrleted the
encounte;-loﬁ recording the PhQsical dats ﬁeforev Cdurinss
and after an encouhter. Immediat@lu followiﬁﬁlaach'encouﬁter
the observer .asked the subdect »ilot GQQSinﬁ& concerninsg
the encounter Just comrleted and reaqrded the answers on the
encounter debriefing form. After the flighty the-]éubJ@ct
#ilot comeleted the flight debriefing which ua# éoncehned

wilth the entire flidht exrerience.
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CDHMUNiCQIIDNS. Durinﬂlall fliﬁhts 8 éite control  roint
called Mode 8 Comtrol was located at the Technical Center
radar .ﬁite. All commurnicationsy airwtoéﬁround andd
5r0undmt0~3rqundy went throush Mode S Control. Occasionasllu
a8 véctor was given to the twb test asircraft from Mode $
Control to éid intercestion of the subdect aircraft. Since
the subdect wilot was not to krnow from where the intruder
agircraft wég cominsgy a8 coded form of communicaﬁimns hetweenr
the intruder aircraft and subldect aireraft WEs NeCessaryd.

This was accomrlished bw  having the intruder ask o for

position rerorts  From  the subdect asircraft when visual

acauisition was lost. Advisories from ATC were diven Lo the

subdect only when recuested bw the safetw rilot.

Aalk TRaAEEIC CDNIRDLg Tha ATC-Acoofdinatmr Provided' urdated
information concerning  the 3ir5wa¢e'U$ed e the Technical
Center. ATC was aQare of the reauirements during Lhe Afliﬁht
test and was rrovided with the following informations:
o Transronder codes of both aircraft involved in thé
flight tewsl. |

o Altitude of each asircraft during the flisght test.

-

D Intended rout@ of flight (see Flisht Fatternsy

ArFardix A).

=}

Time flight was exrected Lo bhedir.
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EACTORS OQUISIDE OF SIRICT CONIROL.

A Flight would not be attemnted if the visibility  was less
tham 4 nauiicai milesy the ceiliﬁs (eloud laver) was less
than 3000 feets or the wind velocitw was dgreater than 35
kriots a3t flight test sltitude. Hardware failures'(in sUCh
eauirment as the radar sensor or airborne instrumentation)s
software malfunctionssy or 2ircraft masintasinence Problemﬁ
caused delaws and/or cancellations. Unelanned ehcnunters
were welcome since thew rrovided additional dats for
analwsis and the orrortunity to comwensate for missed

encounters.
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SUMMARY . .

This section 'deﬁcribedl the test Wlan‘ ﬁtruc£ure aﬁd W3S
divided into the following six sections$
o Flisnht Path Gemmetfieﬁ
0 Schedul ins
0o Filot Selection
0 Traimins
o Flight Activities
o Factors Qutside of Strict Control
fhere were six  Tlidht ealterns (A-F) Qsed in  the test
series, The order in which the Piiots flew the ﬁimtpaﬁterhs

was determimed bw using 3 latin square desisn.

Following a series of annnun&ements and a8 briefindg on  the
flight test rrogramy  arrlications were .réceived from.
rotential subdect silots. The arrlicants were thern soreened
for wualifications such 8% multi-endgine raltingy current
m@diéal certificates and 200 hourﬁ of flight time cwith . st
least & in the  rast 3 mbnthﬁo 72 tﬁtalvqf 12 Filots were
chosern +to rarticirate ir the test wrdﬁramo After
notification of accertance irto the Pnbﬁramf thé #ilots were
given s self-studw Filot’s Manusl to familiarize themselves
wiltih the advisdrw service swustem. These manuals were  diven
to  the subdect wilots omne week srior Lo the sround school

traiming session. At the bedinming of the training session

arn  exam was administered Lo test the knowledde gained from

the self~stude Filot’s Mamnual.  The subseauent instraction
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covered the trainihﬂ manuasl contents and  answered anu
auestions the rilots had concerning the advisorw service. At
the conclusion of the course a similar exam to the first was
given to the subdect rilotsy this time with the rsurrose of
identifying any increase in knowleddge of the service that,

occurred as a result of the training session.

" Radar sites at the Technical Center and at Clementons New

Jersew were wused in thé flight test erogram. The Technical
Center was the headeuarters for communicationﬁ betweern the
gircraft and the Clementon radar site. The flight
coordinator briefed the Air Traffic Contfol watch surervisor
atout the altitudess flight patternsy and aircraft numbers
of the daw’s flisght. The subdect rilots safetu ﬁilot and
observers rarticirated in a8 rreflight briefing. The obgervér
cbmwleted 3 flisght log while the subdect filled i &
rreflight exam. Huring.eéch encounter the~obseryer completed
an encouniér log with rhusicasl dasta redarding the encounter.
The observers aueried the subdect silots sbout the adyisoru
service subseauent to each encdunterv therebs rroviding
answers to the encounter debriefing form. AL the comrletion
of & test flight the subdect rilot compléted 8 TFlight
debriefing form vwhich ashked for an-vevéluation of  the-
advisors service. The safetw rilot was the Filot-In-Commard
(PiC) and was resronsible for assurinﬁ‘éafetu during the
flight. The safetw rilot handled the communications because
the intruder silot needed frecuently wedated Eositian
information from the subdect aircrafty in order to slan  his
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approacheﬁ; If the visibilite was less  +than 4 nautical
milesy ceiling was léSS than 3000 feetsy or hisgh winds
existed at flight levels cancellations would occur. If these
thresholds were violated éftev a flight bedarns the fliﬂﬁt'
was aborted. 0Other factors thch caused ﬁelauﬁy
rostronements or cancellations were malfunctions due to
“agircraft maintainence rsroblemss eauiwmenﬁA failuress or

software esroblems.

A summarw of the Tlight test conditions is erresented in
v , v

Tahle 3.
TARLE 3 “‘SUHMARY OF FLIGHT CONDITIONS

TYFE SPEED | SERVICE
SURJECT - Beech 33 120 Equireed
AIRCRAFT
INTRUDER Cessma 210 165 .Unemuiwped
WEATHER Vis. >4 run. Ceiling»3000 ft. Wird at 3000 ft.435 kts.
ENCOUNTERS Straight & Level One Intruder
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IESI EXECUIION AND DaIé CDLLECIIDN

INTEODUCTION.

Test execution and dats collection are Bescribéd1 in the
following six sections?

o Airborne Instrumentation

o Biodgrarhical Déta

o Ground School Training

o Flight Data Collection

o Data Frocessing

o Data Base Construction
All the data collection éctivities are illustrated in Fiaure
3.. The test data were obtasined by means of examsy
euestionnairessy log formsy and magnetic tares. These déta

were entered into 8 comsrehensive data base for analuysis.

The airborne instrumentation section euerlasinsg the screen
rogition relative to the rilot’'s ewesight and how the imadges
digsrlaved on the screen are rerceived. The human factors

sarects of the disrlaw are described in detail.

The biodgrarhical data consist of the aviation exrerience and

certification levels of the subdect Pildts.

The s¢round school training served as a formal class for the
subdect rilots subseauent to individuasl studwe of the Filot’'s

Manual,
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Flight Data Collection

DATA COLLECTION BLOCK DIAGRAM

FIGURE 3

Biographical
Information

Ground School
Exams

Manual Flipght Data Collection:
Preflight Exam '
Flight Logs
Fncounter Logs
Encounter Debriefings
Flight Debriefings

System Flight Data
Extraction Tapes

Pata

Dase

Data
Reduction
and
Analysis




The flight data collection section describes the test
flights and the data collected durins phe flights. There
were two catedories of flight data! writtén (manual) flight
datas andg ésstem extraction data. Refore each flidght the
subJject rilot comrleted @ rreflight exsms while the observer
filled out the initial rortions of the flisht log. During
the. flight the bbﬁerver comeleted thé flisht log and two
other formsy the encounter lodgsy and the | encounter
debriefing. The encounter lod was comrleted during each
encountery and the encounter debriefing was the observer’s
transcrirtion of the subdect rilot’‘s resronses to debriefing
cuestions -asked immedistelw after the encounter. A flisht
debriefing was comrleted by the subJect ~ilot after the

flight was finished.

Madnetic data extraction tsres were collected a3t the Mode S
site for each flight. These tares contained surveillance
informationy timey sircraft idemtificastion numbersy and the

automatic advisorge service datas.

The dseta rrocessing section -describes the serocedure of
reducing 811 the obtained data to & format that fTacilitated

entry into the datas base.

The data base construction section describes the datas nase

structure and the rrocess of data entrw and validation.

Finallwy the entire data collection rrocedure is summarized.
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AIRBORNE INSTIRUMENIATIION.

A ERendix weather radsr color disrlaw was adarted to diselaw

the TAS and RAS information. A detsiled exrlanstion of the

disrlaw design is found in Reference 8 bw Lincoln
Laboratorw. The disrlaw was installed ir the right

instrument ranel (Figure 4) of & BE-55 Beech Baron (Figure
3)e The Mode S transrondery displaywy rower surrly and losgic
urnits were installed in the rear seat area of the BE-55. The
screen of the disrlay was locsted arrroximatels 45 dedrees
.from the rilot’s line of sight in the horizontal rslane and
arrroximately 10 dedrees down in  the vertical rFlane.
Althou#h some rerirheral information from the diserlaw maw be
available to the silot while scanning other' instrumentss
tbringing the disrlaw into the ortimal visual rzone (30 degree
coney see Reference 10) reauiréd the #ilot to turm his head.
Insofar as the disrlaw is not a rrimary flight ihstrumentv
this limitation 1isg vnot critical,. Howevers notice ‘that
because of itls lmcationy there maw be mccaéions whers
auditorursignals would helrs alert the rilot td uEComing

traffic information.

The diseslay itself subltends a visual andgle of asrerodimstelw
7 dedrees (maximum) which is twricsel for this kind of

aircraft (see Table 4).
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TARLE 4 ~ COCKPIT DISPLAY SFECIFICATIONS

Aircraft Yoke to Euwe to Ewe to Size & ’ ' Screen Crew Size
Tuwe Screen Soreen Fanel Tuee Tilt L.ocation VFR IFR

Teast as/C Uoad o in
Beecty 55 200 28" 22 Bernchi No Right Fanel 1 2
Boeing 727 20" 38" 32 " T Yes Center Console 3 3

Cesasng 402 1&" 20 240 ‘ " Yes ' Right Fanel 1 ' 2

Cornvair 5BO 21" 34" 36" '  Yes Right Fanel 2 2



the ewe with highest visual

oY

Since the foveasr the redion of
acuitus ﬁﬁhtendﬁ arm andgle of  arproximatelw @ deﬂreeé
(Reference 11) ewe movemenls are necessary in order to bhring
regions of the disrlaw into foveal vision. These movements
Wwill necessarily be sscoadic (Ref@r@ncel 120 ﬁﬁwrmmimatelﬁ
Fpur ﬁaméadeﬁ- can he executed rer  second and it tskes
arrrodimatelw 0.1 to 0.2 seconds exrosure Lo establish
maximal  acuitw (Reference 13). Given an usdate rate of 4.7
seconds on the disrlawy there wiil e adémuate-ﬁim@ hétw@@n
urdates  for  dnformation extractiﬁn and dntedration. The
threshold mf_acuitw is areroximstelw 1760 of & dedree for
the nmrmél observer (Reference 14, This is the Qiﬁual anﬂlﬁ
subtended bw  an obdect of 0.05% inches al a diﬁtancermf 15
feet., Obviousler the dgrarhical sembologe and  sleha-numerics
of the disrlaw are well shove threshold. In  terms of
contrast ﬁ@ﬁﬁitivitwr the modulation tranﬁFeP  Furnetion
estimates of sauare wave sratisl freauencies at levels thast
areroximate the disslaw show 2 magimum hetween' 2 aﬁd 10
cucles/dedras (R@f@rwnce 18, This is olose to the
stroke~width values of  the diserlaws aved corseauent iy
suddgests cthat the diﬁPl&mQ if hmt owtimély im vmuit&

adeauste. . o : p

The ahmve_deﬁmriwtimn af the humar Tactors charscteristics
of the diserlaw allows onle 2 coarse evaluation of its humar
engineering rrorevties. In rarticulary  the nature of the
dwnami& interaction of the disrlay with the gilots scarn of
flight instruments and visual scene cannot  be ademu&twlm‘
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assessed from the aveilable information. For exaemrles it hés
been showr (Referencé 16) that wilmts do  not. read 21l
instrum@ﬁts in eausl detsil. This hecomes avidenﬁ whers
oculograrhic dats are examinedd which show . ﬁiffer@nt
distributions of glance . times for different ihstruménts
during simulated Flight, It is imeortant to know at what
level of detail the_displaw is read. Much of tﬁe detailed
information on the traffic sumbol is srobsblw iﬁndred by the
rilot whose main interest is focused on monitoring  the
develoring encounter at & higher codgnitive and rercertual
level and checking for the sresence of - the resolution

advisords or formulating his own.
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BIOGRAEHICAL DAIA.

Confidentizl biodgrarhical data were obtasined from each
subJdect silot. The biodrashical rrofile of a turical subdect

rilot is rresented here.

Each selected subldect rilot wes giver & hackground
information auestionnaire to comrlete, The surrlied
informetion was examined for comsleteness. I anw item was
found incomrleter the form was returned to the miiot for

clarification.

The dinformation solicited bw the hioﬁrawhicai_ data fTorm
includes the followins:

6 Aviation Q@rtificatiQﬁ history

o Different zirvcraft exweri@he@

o Filot-in-Command hours

o Simulator exrerience

Throughout the test srogram rilots Wwere identified bwe code
letters onlwy thereby duaranteeinsg confidentiality of the

information.

The 12 rilots that were chosen for the test reflect a broad
range of ader educationy and exrerience. Their adges randed
from 30 +to 60 with an averadge age of 37.4 wears, The level
of education srarmned Trom high school ﬂraﬁﬁation to two wear
sost-baccalaureate deﬁre@% with a mean of‘ 4.1 wuears rosh
frigh  school. The rnumber of wears since reeeiwt'of first
Filot’s license ranged from 5 to 39 with an aV@raﬁ@.of 125
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gears from original licensure. The total rmumber of hours
flown ranged from 300 to 11+s800 with an  averasge of 20146.46
thours  rer weilot. Of  these hoursy 20 to  H59s%00 were in

multi-endgine sircraft.

GROUND SCHOOL TRAINING.

The training of the subdect milots consisted of two sarts!
self-study bw the rilot of the Filot’s Marnusls and a ground

school training session.

One week before the scheduled dground ﬁ0h0019' each  subJdect
rilot was diven a cory of & I2-rage Filot’s Manusl for
self-studu. The rilots’ knowledse of the automatic advisoru
service was  tested bu examinationss given at the bedginning

gnd st the end of the #round school training session  which

ran from 8130 AM to 11150 AM on October 17§ 1280,

Durins thevﬁround schools the adviﬁoru service was exrlained
and  the test flight rrodgram was discussed. The wrilots were
esrecially instructed mot to discuss their orinions of tLhe
service with one another, The rilots were not told how to
use the automatic advisorwy service ihfurmatigny bhut were
told to wuse thé information thew deemed arrrorriate during

test flight encounters.

The ground school exam scores were used to sair the subdect
#ilots so  that two silots with similar scores would be

scheduled to flu the same seauence of six  Fflidght salttermss
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alternating the order of morning/aflernoon fliﬁhtae Tatle 5

shows the averase lteslt scores for the =ilot rsairs, Two of

+the six rairs of silots were not groured aocording to score

hecause of late changes or reslscement. Filot sair (-l

differed in btheir scores bw 9 rointe becsuse Filot L owas 2

rerlacement for & rilolt who drosred out of the test series.
o |

Filot sazivr A~ were "leftovers" from the original saivins

FrOCRss .
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TARLE 5 - GROUND TRAINING TEST SCORES

Filot Fairg Test Scores

Co- L ' 1105 - 16.5
B~ K 12,0 = 12.0
oo~ F | 1205 ~ 13,5
R 14,0 = 19,0
E - G 160 ~ 15,0

H - 4 | TG~ 1T
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ELIGHT DATA COLLECTION.

The ﬁUéC@Sﬁful execution of Flidght tests derended wron the
weather and the test eauisment. A total of 72 flisghts (lﬂv
rilots flginﬁ 6 Flights esch) was successfullu cmﬁcluded
from.Novemher'14y 1980 to Maw 13y 1981. Durins th@&e_fli%htﬁ
& tdtal of 424 encounters were achi@ved¢ The collected dets
were contained in writtern forms and ﬁwﬁtem data extraction
tares. I this secltion the‘ test - execution will be
summarized. The forms which were used to gather manusl data.

will bhe describhed:

IEST ﬁLIGHIS; The mador factors which vcould Prévenﬁ &
scheduled test Flight from being carried oul were westher
and eauirment cmnﬂitionﬁ; Thereforey  shortlw hefore each
flight & Tinal confifﬁ&tion was  obtained on the Qiﬁual
meteorological conditions and the orerational ﬁuatuﬁ of
varibuﬁ ecuirment comronents. After these itemﬁ. were
détermined tq hé 5ati$famt0rwg the subdect siloty safetw
#ilots and obéerv@rﬁ WE e hriéf@d“ O the-.FTiﬂht ratlterns
altituder and Flight wrocéduf@ﬁ; The subdect silolt was ﬂivén
3 Prefliﬁht eﬁama and the observer started to comrlete Lhe
Pliﬂht log. The silots and mbﬂérverﬁ th@ﬁ hoarded ﬁh@
gircrafts and Lthe Flisnht Céordinator took his rosition at
the commuriications site (called Mode 8 Control)es wheré e
handled communications heﬁw@@n the'aiﬁcraft_anﬁ the Mode 5}
sensor. The aircraft taxiedsy r@wmrted‘ﬁTG assidgned aircraftt

identification numberss and the flisht bedgan., As soon as the
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subJdect aircraft reached @ stfaigﬁt'aﬁd level courses the
observer comeleted the fliﬂﬁt 103‘ Durirg éach encounter“ in
the flighty the observer comrleted an erncounter lodg. After
each_encquﬁter; the subJect #ilot  was aﬁkwﬁ # series of
cuestions concerninﬁ Lhe conflict situation Just comrleteds
arndgd the answers were reeorded o the encounter debriefing
form. ﬁfter the  Tlight wéa finishedy the subdect rilot

comeleted a flight debriefing form,



o,

ELIGHI SU&HQHI. The test gwﬁueﬁce‘éonﬁiated'mf 77 _ﬁch@duled
flights., Five of. these flidhts éhmdunt@r@d eroblems with
either gmuiﬁment malfunctionﬁ or weather chandges which
resulted - in a8 decision to abort th@‘vfliﬁht. The 72
successTul test Fliﬁhtﬁ.QGCUﬁred from Novemher 18y 19280 Lo
Mag 13 1981 haelf Qf the Tlights being in the morrings e
the other half in the afternoons. Each fliﬁht had a8t least
two encounters.  Sixte-one (82 mercent) of the fliﬂhtﬁ had
five to seven encounters. A total of ‘424 @ncmuntérﬁ were
achieQed. Among . thems 327 were slanned encounters wivieh
involved Oﬁlu‘thwlﬁubJ@Ct airceraft and the rredesisnated
intrdder aireraft flmiﬁﬁ the slanned eﬁcoﬁﬂter geometries.
There were.SQ'muitiwle éircrafﬁ encounters  whioch  involved

non-erodect  siroraft, The remaining 6%  encounters were

unElanned encounters invelving either non-esrodect  sirerafts

or the rredesisnated intruder flwiﬁg on unslanned encourter
ﬁeometrieﬁ; Thé ciigtribution of all encounter tures was &%
follmwst. |

Y4 (22%) ~ Heasd-on endounters

181 (éKZ) - Lai@ral Encounters

149 (35%) ~ Tail-chase encounters

ﬁQMUQL HQIQI ENEMS. Five Torms were used to collect ménuél
flight date (Nata Cbilemtidﬁ FOPM%!‘QPP@ﬁdiK B)f These were.
the ’Prefliﬁht @Mams fliﬁﬁt logs éncmﬂnter losgy @ncmﬁﬁter-
debriefinﬁj aﬁd; flight debriefing. Thé cdatas from these

serarate fTorms were linked by the subldect rilot code letter
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and the rnumber of the wilot s Flight (i.w 6.

Ereflidgbt Exam. The rreflisht examy consisting of nine
auestions concerning the sutomstic sdvisory service disrlawy
was given to the subJdect wilot during the sreflidght briefing

in order to test his recollection of the disrlaw sumbolosu.

Elight Losg, The flisht log was comrleted bwe the
chserver Lo deserihe the test Condiﬂimna of thm. flighty
imceluding?

o The identification codes of the safety Filoty

intruder silots and ohﬁerverg'

0o The tures of aircrsft used

o The weasther conditions

o The derarture time

g The time whern the aircraft first reached a straidnt

and level course.

These data were either srovided to the observer by tﬁé
arrrorriate technical rersonnel (e.d. in'the case of weather
informastiorn)sy or were obtsined b him directly from
instrumentation on—hoard the sub.ect agircraft. The
informaﬂion contained in the flight log made it wo%siblé to
subseauently catedorize the dats base bw such features as

iloty flight numbers and visibilita,
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Encounter Log, The observer comrleted the encounter los
to describe the comditions and  events -of each encounter.
Tiris log contained the following informationt

o Flight les

Finning of the encounter -

o Turbulence at thé be

o Ture of encounter (i«@°‘h@adw0hv.fiaterél ancounters
or tailwchaﬁe)

0 Ture of @ sdvisories received Trom ﬁhe_v automatic
grdvisory servioe

o Evasive action taker b nﬁh@' ﬁghd@ct_ silot  in
PESPOMSEe to the Qqnflict _ ﬁitu&timn :and the
advisories

0 Observer’s 'ratinﬁﬁ,.mf various 3§W@ct§ | of the
conflict manssement bw  the ﬁth@ct_#ilmt such. &%
altitude and course maintaihan&@v irstramernt . and.

external = scanse maneuver cooordinations airsreedd

caontroly fuel manas

amert arnd worklosd.

Eocouwster Debriefiog. Tmmedistely after each encounter
the observer asked the subdect silot & series of cuestionss
ard  comeleted an encounter debriefing, The twelve euestions

asked concerned the rilot’s orinions  shoult  the . automatic
. : Is

agudvisory service fTor the encounter. The answers were
collected on~board the asircraft while the subdect rilot’s

impressions of the encounter were still fresh.
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Elight Debriefiog. At the end of the flight when the
subdect rilot could reflect on his overall exreriences hé
comrleted é flight debriefing form. This form contained
twentu-five auestions irn different _reapﬁnﬁe formats. The

data thus collected was comerised of?

0 The ratings of the utilitwe of the deneral asrecls
and individual comronents of the automalic advismfs
service disrlaw

4] The' evaluastion of the relative merits of the

advisory services {(TAS arnd RAS)

o The degcrirstion of the attitude toward and the

utilization of the automatic advisory service

o The evalusgtion of the overzll sustem cualitw of the

service

SYSTIEM DAaTa EXIEACTION. Maﬂhetic-taﬁeﬁ>w@re used to record
sustem datse at the Hmda S sensor. The extracted data
contained:

o Time and scan number

o Surveillance rerorts

0o Tracked aircraft rositions and velocities

o Traffic and resolution sdvisory messages sent to the

subJdect aircraft.

For most of the flisghlsy coversde was rrovided bw fhe Mode S
sensor at Clementons New Jerseu. In order lt0'<r@duce the

sustem loady the redgular 60 nautical mile radius coverage
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ares was reduced Lo 8 wedde extendind from the 90; dedres
azimuth to  the Qio.deéree ézimuth. This wedde-shared ares
did not include the traffic in and around the Fhiladelrhia
terminal control zrea (TCA). There weﬁ@ % few‘instanees whers
SOMme ﬁgstem sroblems hamrered the oreration of the Clementon
site. In these casess the Technicasl Center site was used to

cover the test flights.
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pAIA EREDCESSING.

Béfore.beinﬂ entered in  the data basey the bibﬁra#hicalr
datay dround school exam results and marmnual flisht dasts were
all quantified, The sustem daté tares were rrocessed to

“tract ‘the aircraft‘ conflict inforﬁatibn aﬁd the
surveillance.reportﬁ of sl11 tﬁ@'involvéd aircraft from which

the closest roint oFf arrroach (CFA) was calculated for each

encounter, Finsellwry the flidght  date and sdstem axtracted

datz were correlated so that 311 the sustem dats rertaining

to test encounters were collected.

MaNUal DATA GUQNIIEICQIIDN. The data obtsined manually in
the biograrhical auestionnairer ground school exam end the
flight manual data forms were auantified and entered into
the data base. Most of the date recuired very little
Preparation. For examrley the temrerstures wind velocita;

and rating scales could bhe entered directly into the datas

trase, The multirle~choice auestions and wes or no aeuestions

Froduced results which could also be resdily stored.
Howevery the znswers to an "oren—ended' auestion hasd to be
clasgified into 21 basic catedories before thew could be

entered into the data bhase.

SYSIEM DAIA EXIEQCIIDN IAFES. The sustem datas wtraction
tares contaihed the surveillance rerorts of a@ll aircraft in

the Mode S sensor coverase areas as well a3s - the automatic

e
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advisory service data. of those aircraft in Potential
conflict. To determine the identity of the aiﬁcraft involved
in the encountersy a Correlatiﬁﬁ Pfoceéﬁ was rerformed. This
was done by examining two BOUTCES of corroﬁofatinﬂ

information?

o Plots of aircraft rositions and  the automatic
advisories from the data tares.
o Listings of rossible intruder aircraft from the data

tLares,

For most of the flishts a quund observer sitting in  front
of the rlan sosition indicator (PPI)lﬁmreen at the Mode 8
site monitored the flfﬂht_and recorded signiticant eventls in
rrogresary such as the didentification of the aircraft in
conflicty the encounter time anﬁ sean numbersy the sutomstioe
adViﬁdrw amntent§ ar the swstem déta extraction tare

rumberrs .

The #lots  of  krnown sirceraft resitions and listings  of

relstive range and.bearinﬁ of the intrﬂdar were s}l rFrerared
from tha. sustem data tares. These viﬁﬂal rewregemtétionﬁ
were thén compared with the manual data  of the observer’s
loaé« Usually this gimrle srocess of corrvelation ‘waﬁ

sufficient to identifw the intruder aireraft which was

irvolved inm a8 single encounter. Howevery during an encounter

g non-erodect  airveraft might be in the immediste areas and

cause an wwwlanned or multirle encounter. For the unelarnnmed

and  multirle encounters  an exhauslive search Tor 2]
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aircraft

was acocomrlished by comraving rlote  and  sreintouts

of 3ll relevant tracks.

After 211 of the  sasircraft invelved in a&n encounter were

discovered and verified bw these corrvelation effortsy scetusl

CFA and,wr@dicteﬁvCPﬁ data were calculated. The

is - the
aircraft
mlrd mm

advisorw

tuzl  CP6G
mirdmum  distance belween the subdect and intruder
during the encounter, The rredicted CFA iz the

miss distsnce whicoh was rrodected by bthe sutomastic

service tracker functiorn durinsg an encounler.
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hala BASE CONSIRUCTION.

In this section the dats bese structure  is  described, Thie

date were entered and wvalidaeted in the  datas

software was develored to allow retrieval of the date Tor

data reduction and anelusis.

nara BaASE SIRUCIURE. The datae bhase is &mmwr. 4 of Four

distinct files! biograshical filer ﬂrﬁumd sehool exam Tiles
flisght dat8 filw; @ tmxt’?ileé These files were all linked
by subdect rmilot code numbers. The ﬁat& mf tie Fliﬁht dats
file and the text file were ’ahrmnulmﬁicallu ordeved, Tha
basic record of the flight dats file was the information Tor
ar individuasl @ncmﬁnt@r thch W dérived_frmm the followins

SLX SOUPCEss

o Form 1 FPreflight exam

0 Form 2 Flight lodg
o Form 3 Flight debriefins

o Form 4 FErmcounter los

o Form %5 Encounter debriefing

0 Form é6 Sustem extraction date tares

All  the encounters of a sinsle Flighlt have the same datas in

the First three forms. The dats format of easch Tile

briefly described as follows.
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Biodgrasbhical Eile. The bDiograrhical file contsined Lhe
backdround data for 311 12 subdect wilots. The dats for each

ilot were coded im a8 sindle BO0-columm card.

Grouwnd Schonl Exam Eile. The sround school exsm  file
contained the scores of each of Lthe two exsms babken bw each
of Lthe 12 subdect silots. Ore score i missing  Dhecsuse one

#ilot missed the secord exsm.

Flight Data Eile. The flisht date file contained Lhe

data Tor 2811 424 Flight encounters.. Each encournber  had  six

forms. The first five Torms of the manusl fliﬁht chas W T
coded in 3 fixed lensith date Dlock emntaininﬁ twante-Four
7o-column  lines. The swstem data For ezch encounter had
variable length and contsined the CPA information (Pr@ﬁictﬁd
CEQ; ahﬁ actual vertical CFM)y Ffollowed by 2 blmﬁhA of
survelllsnce and sutomatic advisorw service dats during bhe

entire encounter.

Text Eile. The text file contained 811 the reilot

comments made st the end of each Flight. These conments were

classified into 21 distinet statementsy snd the statement

numbers were used to code the comments i Lhe dats bsse.

After the dats were entereds the dats base wee validated.
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SUMMaRY

The test execution and  data émll@mtimn CErovided a
comerehensive data base. The entire data mmllettiuh effaort
is summarized in Fidure 3. The biograrhicsl infmrmétimmp
g rournd ﬁcﬁmol examss and merual Flisht data were coded &
eﬁtered into +the datas base. The  sustem fliﬂﬁt tats
extraction tares were rrocessed Lo Wrmdu&@ fliﬂﬁt_wath lots
and ﬁositimn listinssy frqm which thé airvrcraft irnvolved in
the encounter were identified and confirmed b correlation

stem dalts

with the marual fliﬁht'datap then the relevant

Beforse anw

were extracted and entered in  the data e

subdected to a

analusis was rerformedy the data bhase ws

‘thorouﬂh validation,
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nars BEDUCTION AN ONOLYSIS

INIRODUCTION.

The data amalusis is divided into five mador sections.

0 DNerendence of Dats on Test Conditiorns:

o Filot Utility. Assessment of the Advisore Service

-

7 Filot Accertance of the ddvisorw Service

-

1 Use of the Advisore Service

o Characteristics of the Training Frodgram

The first section addresses whether or not. the deats  are
significantle affected by either the test design rarameters.

or those factors outside of strict control.

The secornd section examines the rilots? ratings of the
utilite of the dismlaw@d informations  and  their  comments
redarding the informatioh level of tﬁw sustem. Farticular
attention is devoted to ranking  of  the ratings cand the
effect. 0f the  number of exreriences with the sutomstic

advisory service in stabhilizing those renkings.

Tﬁe third section examines evidence of silot satisfaction
ard aécewtancé trased UFON TeSFOnSes contained in Lhe
Fost-Flight detriefindg and.the encounter debriefirn, Uvefall
ratings of the asdvisory service and of  the diselagy  alond
with indices of 5§Li5facti0n constructed From sost-encounter
auestionss are Qﬁ@d to determine the level of ﬁ&tigf&ﬁiimn

1.

and the waws in which that level is influenced by incressins
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exrerience with the swstemy snd bwe the different twres of

encounters which accur.

In the fourth sectiorn silot behavior and sevrformance are

1

‘discussed. latas on  visuwel escouisition are exeamined  with

resFrect  to . encounter ture and the level of exrerience with
the service., Filot maneuvers are sxamined wilth Feﬁwact ﬁm
the different levels of comeliance with the Resolution
Advisory Service (RAS)s predicted risky  encounter tures
level of exreriencer and the m@rfbrmance in o marimizing the

seraration between aircraft.

The last section srovides an aﬁalﬂﬁiﬁ aof the methods u§@d Lo
train the milots in the use of the swstem. Exaems are used to
BHEHERGS ﬁhe relative effects of 8 self-study marusl: 2 geound
school trazining sessione and knowledse ﬁ&inéd From ectusl

flight ewrerience with the swstéem.
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DEEENDENCE OFE UéIQ ON IEST CONDITIONS.

Withirn the dats analusis sectiony rilot’s slobal retings of
the digelaw and of the serviwé are used hm el rmine levelﬁ
of rilot satisfaction with the automaﬂic adviﬁurw BE WL O
In additiony & combined irdex of silot sstisfaction is
Constructed' uains g weidghted sum mfvreﬁpmnﬁeﬁ to encounter
debtriefing euestions and the Lwo H#lobal ratinﬁﬁe‘ In uaihﬁ
information from these datas to form cmnclu%iqnﬁv it i
imrortant to determine the ﬁeﬁr@e to  which the dét& are

influenced by the test conditions.

The test conditions considered were the factors built into

the design of the  test wsrosram (the individusl  Flignt

#atternsy  the seauences in which the Flisiht ratlerns wers

flawrny and the distribution of morninﬁf&ft@rﬂoun Flisghls).
arnd  those that were oulside of strict control ”ipluud
ceilinﬂy range of visibilitwe and twere of olowud cﬁvwr?* The
two global ratings the combiresd iriies of  silot
satisfactions and five auestions from the Flignt debrierins

(auestion numbers 3y 20y 21y 23y and 24) were tested sgainst

these conditions using trend aralusisy snaluwses of varisnces

t-~testsy and contingency tables.

There were three rosasible derendencies seern in the snalwsiss
1. the dlobel raeting of the disrlaw showed g significant
dedgree of varistion with flisghl rattern sequences g tive e

was a slidght tenderncwy for the wilobts Lo express eater

oy o

confidence in the resolution advisories (question 23 of  the
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fliﬁh£ debriefing) when the cloud ceiling was 1mw@r§ and 2.
both  the dglobal ratings and  Lhe comixired index  of
satisfaction showed a3 Ltendencwy to inwreame‘aﬁ the slw hecams
more overcast. The latter_twovt@nd@nciwg ware asrgrent wueon
insrection of  the datar but ’weré mat ﬁtﬁtiﬁtiéallﬁ'

gsidnificant below the 10 sercent level. On the obher hands

the variastion in slobel diselsay vating resulting Ffrom
rattern seauences while stalisticelly significant (F= 4.460%

F< 0:,05)y is more likely to reflect differen: hetwear  Lhe

#ilot rairs Fluing the different rsattern seausnces than

differences in Lhe flight rattern seauences themselves. This

agrrarent derendency wasy thereforer discounted as &  random

event.

“the counter—-palancing desisn (latin sausve) wsed Wwan

successtul in eliminating swustemstic date dererndenciesy  and
the meteorclogical limitstions imrosed on the Flights were

sufficient to avoid mador random derendencies.

In additions a1l of the encounters were subdect to  the
Fﬁllmwinﬂ three constraeintsi
1. No vertical rate vor MEMSVE s @ﬁwmunt@r5~ WETE
Flowrn,
2 No slanned multisle sirceraflt encounters were flmwh
(32 unwlannwd multisles occured .
3 The intruder sircrafl were ot eauiseed Qith.-the

automatic advisorwe service.



.

The test results maw have been different had

constyraints not been in effect.

o~
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EILOYT ULILITY ASSESSMENI OF ITHE ADVISORY SERVICE.

INTIRODULTION. In the course of the rost-Tlight debriefingds.

the subdect silots rated the utilitw of 11 distinct fesltures
of  the disrlav. All retings were made on a.tenwwmiht ﬁmalﬁv
ranging from the lowest rating of 0 to thé hiﬁheﬁt valu& of
9. Filots’ ratings of the disrlaved dats were examined Lo
determine what information Wi used by them t& marese midair
encounters during the fli#ht test Frrogram. The ﬁﬁ&lmﬁiﬁy i
divided into the following four subsections.

I

o Ranking of Filots’ Rstindgs of Diserlswed

0 Variability of the Rstings
o Stability of Disrlaved Nate Rankinﬂﬁ with Fliﬁht
Number
o Information Level
In the first subsection the disrlawaed data. ér@ ranked 4in
order of their avéraﬂ@ rating bw the wiimtﬁa Thiﬁ sl s
rovides an asssessment of the relative worth of the various

information comronents of the disslay,

I the second subsection arn analesis  of  wvarisnce is
rerformed Lo determine the mador sources of  wvaviebilibe i
the rilots’ ratinﬁﬁbehe faotors "Piloty” kFiiﬂht Nunmirery
*Nisrlaved Datar® and the two-factor interzctions betweern

these are examined-.

Im the third subsection the disrlawed dats ratings are
ranked for everw Tlight number in order to determine bHow
much  exrerience  is necessarw Lo stebilirze silol osindion of

&4
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the relative value of disrlaved data,

Im the last subsecltion the answers

auestionsy solicitimsg eﬁﬁentiallu the
used to determine whether the level of
was insufficient or surerfluous. Alsoy
auling

the "oren—-ended® auestion

suggestions are exsmined to determi

Lo two difFerant
same informationy are
disrlaved information
ilots’ ressonses Lo

for comments and

e Wivich srecific

features of the disrlaw thew did or did not like.
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CBasic Traffic Fosition("+" Sumbol) 72 O ‘ 78

RANKING O0F FILOIS’ ERATINGS OF UDISELAYED Dala. Guestions &

Lhrough 16 on the rost-flight debriefing ssked the silots tm'

"Rate (0-9) each comrornent of the traffic sasdvisorw ssrvics
in terms of how useful it is to mﬁu in mansging an ﬁncmunter'
gituation?" It was @xplaiﬁ@d to the silots thalt 9 wes the
tighest rating and 0 was Lhe lowest. Teble & shows the méanﬁ
of the ratings for each of the disslswed data_'mv&h all 72
test fliﬁhtﬁr with the dissrlawed dete listed in the ordwr_of

their mean rated rreference.

IABLE &6 - REANKING DE ADMISORY SEEQICEvHISELﬁXEH nala

NUMRER
OF ﬂﬁTh MISGSING ME AN

OISELAYED DAIA o EDINIS nala RATING
Relative Altitude 732 Q )

Relative Motion Line v 0 7ol
Randge Rirsg - 72 ' 0. o 7.0
Foint of Closest Arrrosch 72 } 0 : 6.9
Resolution Commardd : 72 ‘ 0 - 6;&
Vertical Sreed 44 8 6.4
Tréffic Course Track 732 O & 4

Out—of-Range Traffic ("A" Swmbhol) 43 29 PR

Turn Status 70 : - .3

Owre Adrcraft Course Track 32 4] : 5.1

Hé .
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It is arrarent from these ratinss ﬁhat th@ most soeular
disrlaved data sre those that ﬁi?@ trasio information
regarding the rosition and relative motion of the intruder.
The rating of Vertical Sreed informatimh may have heen
different if vertical rate encounters had been rart of Lhe
testy howevery 211 encounters flown were escentiallw in the
horizontal slane. The rating of the Uutwmfwﬁanﬁé Traffic
data was omitted Ffrom most of the statisticzl sneluses
described below bhecasuse of ite larse number of missing
values. The silots oftern omitted rating this festure becsuse

it rarelw occurred.

&7
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factory and the P-value describing the srobabilits of

UARIABILIIY OE IHE BATINGS. The raw ratings of the remainin:g

10 disrlaved dats (sfter the omission of Out-of-Rense

LT E

Traffic data) were sut throudgh & rerested-me analysis
of variasnce. Since only 10 of the 720 rossible scores were

missingy the usual strictures regasvding  imbalsnce 40

rereated-measures desidgns maw be waived. Becsuse the e

mace w12

samrle  involves raltings of 10 diﬁ#l&&@d it
Filotsy over é& Flishls rer wiloty the sirimsre sources  of
variabilite exsmined are °"Disrlaved Daﬁay“ "Flisnht Numherv“_
and "Filot." Variaznces resulting from eithmf of thé Tirst
two factors are sustematics due to the desisns of the
automatic advisory ﬁ@rvice ared  the Flight test Frograme
while variance resultins from "Filot® is random cue Lo ﬁh@

.y

ranciom nature of subdect Piloﬁ ﬁ@l@ction. It is  Foumdg  that
these thrée Frimary f#ctwrﬂ arc their two-factor
interactiaons account for 75 #er&@ntvof the wvarisbilitw in
the ratingsy the remaiming 25 rercent bheing attributﬁblw to

residusl error resulting From wunidentified souroes As Lihe

lavout of  the snslwusis is mmd@ratelw"comwlmxy. it s
convenient to sresent th@‘reﬁultﬁ in 8 summary tabhle. Table
7 gives the values of mesn-sauzred @rror remultinﬂ from each
factors the _F“ratio describing  the significance of eaon

tive

result  occurring  bw  chance. Since varisnce resulting From

the irnteraction of 3 swustematic Tactor and & vandom  factor

i dtself  randoms the sources of variasnce involving the

factor "Pilot" are all considered random.

&8



IaBLE Z ~FSDUECES OFE VaARIABILIIY IN DISELAYED LATA RATINGS

SOURCE OFE VARIANCE DE | MN S0 E EQIiD E-UALUE SIGNIEICANT

DISFL.AYEDR DATA (S) g 70,62 6H.86 S0, 0001 ?ES
FLIGHT NUMBER (S) 5 336 0.21 0,50 MO
FILOT (R) 11 &4 469 33.35 <20.0001 - YES
DATAXFLIGHT (8) 4% 1.97 1.01 0. 45 N
FILOTXDATA (R) ?9 10,30 S.31 <0, 0001 YES
FILOTXFLIGHT (R) | 55 371 1.91 400002 YES
RESIDUAL ERROR (R) 485 | 1.94 m——— o e
IF= Dedrees of_freedmm F= FF distribution P Frobpabil it
(8) - Sustematic (R) -~ Rarndom
The estimated mean-seusre for "Filot' is hiﬁhy‘ag would  be
exrected from a trulw random samele. The measn-sauared errov
for *FilotkDate" is larde indicating a significant ﬁ@ﬁreﬁ of
variation amondg the rilots in  the rating order of their
#references for the individuasl disrlasved dater which in turn
contribﬁtes to the estimated measn-seusre of the Fascltor
"Nisrlavwed Data.” When tested sadgasinst "FilotXDatas® howevers
the wvariability wuniaue to ‘*lisgsladed Dasta® is vhiﬁhlm
reliable statisticallQ (F= &.863 Dﬁw 92995 FI0L,0001), This
high variasbilite attributable to "Disrlaved Dats® iﬁdicateﬁ
that #ilots are mak irs wirle - ranﬂinﬁ and  wvariable
discriminaﬁions inr their:35§9$5ments of the valué of the
automatic advisdru service. Aside from the random variance

comronents for "Filoty" 'Pilot*Fliﬂhtp“ arel "Filotkhata.

&9 .



(all of - which are significant)y the main effect of
"Nigrlasved Data® is the only swstemastic variastion in these

data.

The absence of zsny main effect of “Fliﬂht'Numh@ﬁv“ ar of the
interaction .'Hat@*Fliﬁhtr"-iﬁ more interesting. The failure
0f> "Misrlaved Data® to dirteract with "Flight MNumber
indicetes that lhe Pref@rehc@ PPOFil@ﬁ-aP@ c0n$iﬁt@ht BOTOHE
"Flight Number." There is no evidence of anw mmhsiﬁtent
tendency for datae that were dnitiallw rated highley to
decrease in rating drameticallyy or for initislly unﬁmwular
dats Lo advance dreatly im rating as eNPerience Lnoresses.
Figure 6 sresents the mean ratings for the datar asverassged
over successive Dlocks of two Tlighlse and shows .tﬁﬁt 118

disrlaved dats dgained or lost more than one vating soint.

The léck af interaction between 'ﬁiﬁpl&seﬁ Data™ amnd "Flisht
Numbrer" also shows thal an observed absence of  anw tr@nﬂ ir
the combined means of all 11 . ﬁiﬁpléu@d déta ratings  i1s
believable. The combined mearns of all 11.P3tiﬁﬁﬁ Tor the six
fFlight numbers ares in order:'&oﬂy;é.6v é¢5y o0y &0y andd

f)oé)+
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SIABILITY DE DISELAYED hala BEANKINGS WITH ELIEHI.NUHBEE. The
stability of the rating srofiles was exMamined by converting
the mean ratindgs for each flighlt number Lo ranks. Table»&

exhibits the rambkindgs for bLhe six flight rumbers.
IQBLEIB -~ RANKING OFE DISELAYED Lald RY ELIGHI MNUMERER

ELIGHT NUMBER

DISELAYED DAIA 1 -3 4 3 & SUM-v

t3

Relative Altitude 10 10 10 10 10 10 60
Bagic Traffic Fosition Se0% 9 k4 k4 K4 9 5005
Relative Motion Line a G5 4 7 8 ' 8 40,5
Range Rins 3 5.5 8 8 7 7 38.5
Resolution Command % g & 4 T B
Foint of Closest Arrroach 7 7 3 & b é X5
Traffic.Courée Track . o Sed 4 7 3 4 | 4 27.5
Vertical Sreed - 4 3 5 5 3 323
Turn Stéﬁus 1 2 1 2 _ 2 2 10
Own Aircraft Course Trachk 2 1 2 1 1 g

X The value 5.% indicates s tie.

A dlance across the tor rows of Table 8 'shmws that the
displaséd datz that silots consiéﬂentlu Fournd most useful
rertain to basic information regarding the location and
relative - motion of the intruder. Ar interesting
characteristic of these data is the decline in the relstive
cranking of the RAS festures ;Resélutimn_Cmmmandp" which
Stafted out.as ong  of _the most highly rankedv data  and
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steadily fell to Ffifth rlace in the ranking. Most of the

other disrlaged data rankinds were relatively stable.

To investidgate the stability of the rankings. the Kendsll
coefficient ~ of concordancey "W (Ref@renc@‘ 17y was
comruted. For the six flight numberss that coefficient.
eauals 0,82, The most straightforward waw to interrret this
descrirtive statistic is to convert it iniu arn  averade of
rank-order correlations smong flight pumbers. There are 15
rossible Pairinﬁs amdng the Flight numbers?! 1 with 2 throush
6% 2 with 3 through &y and so on. The reéult abhove imrlies
that the mean renk-order correlation for 211 1% sszirings
would.be 0.78» indieating g fair smount of stabilits across

all of the flight numbers,

As mentiorned beforeyr no trend is seen in the magnitude of
the combined meanﬁ.of all 11 ratings for esch flight numbery
but there is an obvious effect of time uron the stebilitu Df
the rankings, The columns of Tsble 8 that corresrond to vth@
first three flight mnumbers exhibit fluctationsr wheress b
flight number foure the rankings afe virtuallw "gal  in
concrete.® For the first threévfliﬁht numbers as & wunits the
concordance coefficient w_ is  0.79y impluing &n averade
correlation of 0.68 for the three qusible rairings. For the
last threey W is 0,98y amd the averasdge correlation amonsg
flight numbers 4 throusgh 6 is 0.97. This stabilitw sustdests
that four flisghts with the advisoru service are sufficient

to stabilize rsilots’ attitudes toward the various disrlaved
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data.

INEORMATION LEUEL.'Uné of the m0$t 5trikinﬂ results of‘ the
rost-flight debriefing was the los-sided maJdoritwy of
resronses to 2 rarticular auestion which wase in effects
ashed twice, When wsilots were asked "Would anw additionsl
traffic advisory information be useful to wou in deciding
what or what not to do?' 84 rercent of the resronses were
NO. There was an aPParenLv thut ot statisticsllw
significanty tendencs for nedative answers to become luess
Frevalent as the rilots gsined exrerience with . the sustem.
When Lhe QueﬁtiOH‘ was  sut  in  the form? "Was  there
unnemessafs information diﬁwléuedT' the overall resrFonse was
constant at 72 rercent YES (see Figure ) without
specification as to thé unnecessary elements. The bottom.
rows ﬁf Table 8 srovide some suidance as Lo what information

igs seen by the subdect rilots as unneeded.

In order to determine whalt features the wilgtﬁ srecifical ly
did not liker the freauencies of the resronses tb auestion
27 of the flight debriefing (*Can wou susgdgest anw mods or
imrrovements in the dissrlavw?") were examined. The suhJdect
#ilots anﬁwered this euestion in text forms and the comments
ueﬁe extracted amd classified into 21 distinct statements.

The freeuencies of the comments are diven in Table 9.
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TARLE 9 — FREQUENCY 0OF PILUT COMMENTS

Number of

Flisthts

, _ ' : Comment
COMMENTS ' : : Was Made

REMOVE THE TIC MARKS

REDUCE THE INTRUDER SYMEROL TO THE BASIC "4

SOMETIMES THERE IS TOO MUCH CLUTTER

MOVE THE SCREEN CLOSER TO THE FILOT

ENLARGE THE SCREEN

MAKE THE SCREEN SUNLIGHT READARLE

THE THREAT SHOULL EBE RED . o

THERE SHOULD RE AN AUDID STGNAL TO ALERT THE FILOT OF A PROX

THE *X" AT THE END OF THE FOINT OF CLOSEST AFFROACH
SHOULD RE A& DIFFERENT SYMROL :

I RECIEVED A LATE ALVISORY THIS FLIGHT

THERE I8 TOO MUCH INFORMATION IN TOO SMALL OF AN AREA

THE "4* "-" T0 DENOTE VERTICAL DIRECTION WAS GOOQD

" THE ADVISORY AREA SHOULIDN RE INCREASED

THERE WAS A LOT OF OVERLAFFING
THE OQUT-0OF -RANGE SYMEBOL. NEEDS TO BE USED MORE OFTEN
A TIME FILTER ON TAIL CHASES WOULD HELF ALOT

I RECIEVED A BaD COMMAND THIS FLIGHT

I WOULD LIKE TO SEE ATARS OFERATE IN A RUSY AREA

THERE SHOULLD EBE A COUNT DOWN TO TIME OF CLOSEST AFFROACH

THE THREAT SHOULIN EBE FLASHING

N0 COMMENTS

21

Number

of

Filots Who
Comment

Made



FLS

Some of the fidgures in the column "Numher‘of Flights Cmmhent
was Made" ﬁau seem artificiallw high due to iﬁdividual
Filots rereating 2 single comment on 8 number of flightss
therefore 3 secohd column  *Number of Filots who Made

Comment® was included.

Looking at the commenrts that w&r@ made by more thaﬁ three
rilots narrows down the list to five maﬁor-items (commert
numbers 02;’03; 045 Oév'and 08), Most of the rilots (83
rercent) made nedgative comments concéfninﬂ the.iﬁfmrmatiom
regarding control and eauirsdge of the intruder aircraft
whichh sugmented the basic Lraffic sumbol (2 '¥') and the
‘clutter" associsted with the encournters that were close
enouéh for the swmbols to overlas. ﬁdditionalluy 50 rercent
of the rilots indicated that there should be an audible
sidnal of some  kind to alert the rilot of & sroximate

agvisory,

Other comments were directed toward sroblems in reading  the

disrlaw  in direct sunlight and the rosition of the disrlau.

Comment number 17, "I received a bad command. s s was
examined seraratelw. It was found that in 3 of the 4 casess
the resolution advisorwy rrovided to the rilot was safe and
arrrorriatey  but  the subdect rilot was not sstisfied. The
fourth comment was in resronse to a8 bad commahd caused by &
three aircraft encounter. Since the RAS used in these ltestls
was rnot desidned to handle multirle aircraft encounterss

this was a limitstiorn and not & failure of the RAS logic. No
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statistically sidgnificant impact on results bw these 4 cases

was observed.

SUMMARY. In the course of Lhe Pmstmfliﬁht dehri@fiﬁﬁﬁy the
subdect rilots rated the utility of 11 kihd% of disrlaved
data. ALl ratings were made on. a tern-roint scales rangins
from the lowest ratinsg of ¢ to the hiSh&ﬁt value of 9.
Filots” ratinds of the disrlaved dats were exemined to
determine what information thew Ffound wuseful in managing
midair encounters  during the Fflight test srogram. The
analwsis waes divided into Tour main subsections.

Tu] Rankinﬁ of Filots’ Ratings of Disslaved Data

o Variabilite of the Ratindgs

o Stabvilitu of. Nissrlaved Date Rankiﬁﬁﬁ Wity Flight

Nﬂmher

o Information Level
The first three ﬁﬁbsectiON§ @xamiﬁed the rankings
variabilityy and time-stabilite of the ratinﬁﬁf'Thm genwral
results are that the gubldect wilotﬁ showedd the moét
arrreciation for the basic elements of the TAS which sive
information abhout the rosition and relastive motion of the
intruder. The RAS was initially one  of the most hisghlw
ranked features but declined stesdilw tovfjfth #lace i Lhe
rost-hoc  ranking by the fifth fliﬁht'exweri@ncey indicating
8 distinct rreference for_th@“Tﬁﬁ feastures over Lhe RAS.

Differences betweern the disrlaved date and those betwéeen the

“individual silots  themselves were the mador @ sources of
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variability in the ratinds. The rreference srofiles for the

disrlaved data were basically inderendent of the level bf

showed some chanﬁe through times théu were virvrtually fixed
bw the fourth flisght exrerience. This srovides some evidence
that four flight exreriences with the service is sufficient
to stabiliz rilots’ working attitudes toward dissrlawved

informatiorn.

Using two different cuestion formatss the rilots were ashked

about the level of dis&lamed information. The overwhelmirs
maJdority of responées indicated thet too much information
was diSPIBBEdY and that no crucial informstion was lacking.
Had multirle or vertical encounters been iincluded i the
test scenariosr the rilotes maw have needed and wsnted more

of the disrlaved information.

Filotsy resronding to an "oren-ended® auestion asking for
sugdestions and commentsy exrressed a desire for a3 reduyction
of £he traffic swmbol to its basic Torm (a "+") and for &
reduction in the amount of clutter. Additionsllwur 50O Percent
of the rilots indicated that there should be an asudible
signal of some kind to élert the rilot of a rroximste

advisorg.,
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EILOI ACCEEIANCE OE IHE ADVISORY SERVICE.

INIEDDUCTION. The rost-flight debriefings and the
debriefinSS fﬁat took rlace in the cocksit subseauent to
each encounter cortain infotmation that bears on the éentral
issue of how highle the rilots redarded  the BETVICE. Th@
snaluses of these date on satisfaction and accertance are
divided into the’fqllowinﬁ subgsections,

o Flight Debriefing

0 Encounter Debriefins

o Combined Index of Filot Sétiﬁfactiqn

o Encounter Twure and Satisfaction
Inm the first subsectiony slobal rétihﬁs.mf the disrlaw (@.4.
Sizes legibilitws and colors called R1) and of the automstic
advisoryg service (TAS ar RAS) a2s a3 whole (R2) contained on
the flight debfiefing are examined to determine the level of
satisfaction exrressed after each flight, Hifferenﬁeﬁ
bétween these two dglobal ratings. and their derendence o the

rnumber of flights with the zdvisory service are examined.

In the second subsectiorns feswongeﬁ to four aeuestions from
the encountér detbriefing are'added for each encounter irn a
rarticular flight and averaged over all of the encounters in
that flight to create an index of sstisfasction (81) that is
based o encounter debriefings. The characlteristics of this.
index are examihed'with resrect to level of‘regponﬁé‘éﬁd the
‘waw  inm  which that level changes  with the numher' of

exrFeriences.,

80



In the third subsection a8 combined index of rilot
satisfaction (82) is formed from both the dglobal ratings Rl
‘and R2y and the encounter-bassed satisfaction index 81. The
82 index is analuzed as 2 function of level of exrerience
with the advisorwy servicey and is also comsared with the
Preflight exam scores to identifw to what desree any chande

is attributable to incressing familiarites with the sustem.

In the fourth subsections resSFONsSes to the four cuestions
that were used to constructvSI are averaded over individual
encounters to construct 8 rer-encounter irdes of
satisfaction (83). This 83 index is examined as & Ffunction
of encounter ture (Head-on (HD)» Lateral encounter (LE)» and
Tail~chase (TC)) to determine wheiher or not the rosition of

the intrudenr relative to the subdect asircraft influences the

rilot’s satisfaction with the advisory service.
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ELIGHI DEBRIEEING, The rost—flisht dehriefinés asked for
ratings of the disrlaw (euestion 25) and of the advisorw
service Bé a whole (muegtior 263, Over the 72 test flights
both global ratingss, (called R1 and Rﬁlreswéctivels)y’raﬁﬂed
from & minimum of 3 to a maximum of 9. The average raltindgs
for both were auite hisght the grand mean for R1 was_?°06§-
with a standard error of 0.17y and for R2 these statistics
were | 772 and 0.14, Fdr ‘easé of mresentations the
time-course of these global ratings is  diven in Tablé 10
broken down bw blocks qf twe successive Flight numbers. Each
of these means is based on 24 observationss herce thew are

somewhat more stable than the means for individusl flishts.
IABLE 1Q -~ HEQN GLOBAL RAIINGS 0OE IHE SERVICE AND IHE DISELAY

BLOCKS OF IW0O SUCCESSIVE ELIGHI NUMEBEERS

FIRST MIDDLE LAST ALL &
NISFLAY (R1) beb7 7,08 7,42 7,06
SERVICE (R2) 7,29 7.83 8,04 7,72

All of the asbove means are satisfactorily hish ‘and the
tendence of both sets of means to increase is statistically
reliable. A rereated-measures asnalusis of variance of these
data vielded a reﬁidual mean-sauare for error of 0.52y on 55
DF.‘.The difference between the drand me ar for R1 and that
for R2y though slight in madriitude s wasv hishlua ‘sigﬁifieant
statistically (Fmv Pe65 DF= 15115 F= 0.01). The urtrend for
both ratings across the six flights was 8lso statisticallw
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gignificant (F= 2.91% DIF= 5,55% P= 0.02). The interaction

hetween tuyre of rating and flisht.numbef did not areroach
statistical significance (F < 1)y indicating that tﬁérgrowth
curves as a fumction of; flight number were essentiallu
rarallel for the t@o ratinﬁs. Tﬁe_obseﬁved trend in means
averaséd. over both ratinds was monotonic as shown in Table
11y indicating that satisfaétimn with both asrects of the

sustem increased constantlv.

"TABLE 11 ~ AVERAGE MEANS FOR GLOEAL RATINGS

AS A FUNCTION OF FLIGHT NUMBER

1 2 3 4 1 4

(R1+R2)/2 .75 7.21 7,33 7.58 7,71 7.75
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ENCOUNTIER LEBRIEEING. liatas obtzined from the dehfi@finﬂ that

occurred after every encounter contain additionasl

information bearing uron #ilot satisfaction. In constructirg

an encounter-hbased index of ﬁati5f§ctionp'(call@d S1)s . the

following four cuestions were seen a3s most relevant.

Did the disrlaw light ur in time?

&

Question

Question 6 Did the threst sdvisorw occur too earlw of
.too late?

Ruestion 7 Did wou firmd Cthe TAS and RAST wuseful  in

avoiding traffic?

n

Question 1 Would wou rather have the ETAS' arid RAS]
advisories or traffic controller

advisories? Both?

These four cuestions were éhmﬁen‘ on  the basis of their
contéht vaiidits.A Im rarticulars an answer to anw of them
that denoted disfavor towérd £he service would rsoint to some
ﬁenuine rroblem. Theﬁpmﬁﬁibie answers "Nos Lhe ‘diswlaﬂ_'waﬁ

tardy in  arrearings or "Nors theé service was no hels at
alley® provide amrle orpurtunity to ventilate dissatisfaction

with the sustem.

The 81 dindex was constructed wusing a weighted Csum of
TESFONSes Lo the four ocuestions. Tahle 12  shows the

weldghting used.
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TABLE 12>~vUEIGHTING UF THE. ENCOUNTER~BASED

INDEX OF SATISFACTION, Si

QUESTION NUMBER _ EESEONSE WEIGHTING
SATISEACIDRY= 2 UNSQIISEACIDRxw -1
5 Yeg= 2 | | | Nos *i
b : OK= 2 Late/Earlu= *1‘
7 Yes= 2 o No= ~1
15 . The sgervice or Bothn:Z ATC slone= -1

For each encountery these values were summed across the four
auestions. The sum was then averaded over the encounters
that occurred during the flighty and that averaste was stored

in each flight record as variasble S1.

RBefore eresenting summary data on 81y it midht be well to
exhibit concretelw what the discrete values of its
constituént sums  rerrvesent. Table 13 shows the meanings of
the total *score® for an encounter (disredarding the. rare

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

CTHE ENCOUNTER DEBRIEFING QUESTIONS.

SCORE MEANING

8 All four satisfactoryy no unﬁatisfactqru
b _ Three satisfactoryy one Qngatiﬁfacturs

2 _ Two_satisfactorwv two unsatisfactory
-1 One satisfactmﬁuy three unsatisfactorw
-4 All four uhs&tiﬁfactora

Table 14 Fresents summarw statistics Tor &1

IABLE 14 - SUMMARY SIATISIICS EOE IHE ENCDUNIEE*HASEH

INDEX (OFE SATISEACIION, S1

ELIGHT N , MIN MAX - MEAN SID ERE

1 12 1.7 8 o B.G5 0,38

3
ot
jou]

3.2 A 8 T b.06 0,45
3 12 2.8 a 6.11 . Q.47

4 12 5. b 8 7,32 - 0.24

i
te
b
L
o
23}
~
*

31
]

0.24

é 12 S.3 8 7.08 S 0.26

Tablé 14 exhibits charécteriatics that ar@-commOH to these
data and the mean global rétinﬂﬁ i Tablé 10 (R1 and RQ)» Aé
beforey there is arm ustrend BCTOSE flight rnumbersy which
flattens out around the fourth flight. This srovides more
evidence that.four flights is sufficient to stabilize rilot
oﬁinion of the advisory service.
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A &lance at the maxima and minims revesls arother commor.

characteristic! the imerovement over time stems rFrimarilwy

“from the elimination of unfavorable reactions. Or the first

flighty the individual who is lesst enamored 6f tﬁe'advisoru
service émits an averade of 'Just_ over - two unsatisfactory
resronses rer encounter (score of +1.7). By the fourth
flight no #ilot averades as much as ore unsatigfactors
respoﬁsé rer encounter (3ll scores weeed 3. Thus £he
general urtrend seen consists srimsrile of the truncation of
the lower tail of the distribution of responses;I 11
dissatisfactions are eliminated. Orn 2ll flight numbersy the
maximal observed score is the highest attazinabler End_ the
distributions rer flight number tend to concentrate at the

high end in the latter stages of the flight test Prbgram.
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COMBINED INDEX OFE EILOTX SQIiSEQCIIDN. A combinéd index of
rilot  satisfaction (called $52) was formed from 2 scaled sum
of the global ratinﬁ of the displég_ﬁly the global rating of
the asdvisory service K2y and the ﬁatisfaétimn dryden based on
the encounter debriefing 81, The R2 indexy owing ‘to its
smaller wvariabilitwe and the natufe of its.donteﬁtrkreceived
a weight of 2. The $2 index has heen scéled to & ceiiiﬁs of
100, Table 15 exhibits the descristive statistics for this

indesx.

TAELE 15 - SUMMARY SIAIISIICS EDR IHE COMBEINED
INIEX OF BILOT SATISEACTION, 52
ELIGHT N MIN MaX MEAN SIN ERE
1 12 33 98 7500 5.2
2 12 47 , 99 79.5 4.1
3 12 45 99 81.5 2,7
4 12 69 100 86.8 2.6
5 12 76 99 87.2 2,0

é 12 b6 100 87.5 2.9

As heforer s cohsistent ard statiéticallu reliable wurtrend
is  seen (F=  4,42% DIiF= 5Hy555 P= 0.00Q); whicﬁ reaches 3
asumrtote of around 87 rercent at the fourth Flight rnumbers
imeluing that silot orinion has stabilired bw.the fQurth

flight exrerience with the advisorwy service.

The results from the rreflight exam show & similar urtrend

which can be attributed to incresgsing familisrvizstion with
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the advisory service. Table 146 shows means for ~each flight

number with a maximum sttainable scofe'of 18.

TABLE 146 - MEAN SCORES OE BREELIGHI EXaM
EOR EACH ELIGHT NUMBEE

ELIGHI NUMEER
1 2 3 4 : 5 é

15.7 15.8 16.7 17.1 17.2 17.1

Obviouslyry no great interrretive weight can be rlaced uson a
trend such as thisbwhich; although statistically reliable
(F= 2,54% IF= 55545 P 0.03)y shows such a8 limited durnamic
range., The wurrer limity about 17 (adains resched by flight
number 4)y reflects less than one error Pef, flight in the
nine asrects of the advisorw sevice which the exam exrlores.
The slidght rrogress seen in tﬁese mean scbres Probabiu stems

solelw from the elimination of the few rilot errors that

-were seen initizally. The FPearson sroduct-momernt correlation

betweenn the exam scores and S2 is 0.58 which imrlies that
atwout one~-third (0.358 scuared) of the vériation | in
satisfaction is associated with increasing familiaritw with
the advisorw servicer insofar as ‘that familiaritus is

reflected in the scores of the rreflight exam.
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ENCOUNIEER IYEE AND SAIISEACTIION. Of ‘the 424 recorded
encountersy 94 were classified as Head-on (HO) » 181 as

Lateral - (LE)y and 149 as Tail-chase (TC). The rasponées to

the encounter debriefing form are now examined as a8 function

of encounter ture., The discussion focuses on the four.
auestidns which were the constituents of the encounter-based

index of satisfaction 81.

Question O Nigd the disrlaw light ur in time?

Question é_ Did the threat advisorws occur too earlw or
vtoq late? |

Question 7 Did wou find [the TAS  and RAS1 useful in

avoiding traffic?

Question 139 Would wou rather have the L[TAS and RASI
acdvisories or traffic' corntroller

advisories? ' Eoth?
Tables 17 - 20 show the resronses to these cuestions broken
down into the three encounter tupés. The column *TOTAL®
shows the number of encounters in thét encounter ‘tsﬁe for
which the ‘Gueétion was anéwered, The nUmbePS'in the two
columns for the resronses Lo the euestion are rercentages of
that total number, Thusey the éntries'in the :firﬁt ro& of
Table 17 signifu that answeré to Question 5 of theiencoﬁnter
debfiefing were recorded.on a total of 89 HO encounters, Of
these 89 answers 13.5 rercent (i.e, 12) were NO; and _the
remaining 86;5 rercent were YES., lata in the $eéoﬁd arirl

third rows have the same structure for LE and TC encounters.
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IABLE 12 - RESEONSE IN QUESTION 5 (DISELAY TIMING) AS A

IXEE

HO

LE

TC

(CHI-SQUARE=

EUNCIION OE EﬂCDUNIER IYFE

RESEONSE

(% 0E IDIABL)

NO YES I0Ial
13.5 86.5 89

6.6 ?3.4 169
3.5 6.5 149

6
8.54% DF= 25 P< 0.02)

JABLE 18 -~ BESEONSE I0 QUESTION &6 (ADVISORY TIMING)

IYEE
HO
LE
TC

(CHI-SQUARE=

A5 A EUNCTION OF ENCOUNIER IXEE

RESEONSE
(X OE IOIaAL)

EARLY/LAIE OK I0IraL
23.6 76.4 89
14,6 85.4 151
11.3 88.7 133

6.345 DF= 2% F< 0,05)
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IaBLE 12 - RESEONSE IO QUESIION Z (USEEULNESS.DE THE

SERVICE) AS & EUNCIION DE ENCOUNIEE IYEE '.

KRESEONSE

(% 0OE IDIAL)

IYEE NO  YES I0IaL
HO | 11.4 88.6 88
LE o Peb 90,4 167
TC 1.4 98,6 139

(CHI-SQUARE= 10.73% DF=2§ F< 0.0005)

IABLE 20 -~ RESEONSE ID QUESTIION 15 (SERVICE US5. AIC) &S a

EUNCIION OE ENCOUNIER . IYEE

IYEE ATC SERVICE OR BOTH  IOTAL

HO 17.4 82,6 g6
LE | 7.5 92,5 159

TC 1.4 98, 6 | 139

(CHI-SQUARE= 19.5§ DF= 2% FP< 0,0001)

The FPearson Chi-seuared statistic that asccomranies  é3ch
tabhle tests for the existence of a’statisticél felétionship
between encounter ture (HO:ILEr or TCY and the distribution

of resronses to the aeuestion. Resronses . to 81l four

auestions are significantle related to encounter ture, The

nature of the relastionshir is evident from ifnsrection of the
tabhles. The freauency of resronses to each cuestion which

are unfavorable to the advisory service is mever dgrealty hut
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that freauencs is invariablg' iess for LE . than for HO
encoﬁnters;iand still 1955 for TC than for LE. In terms of
favorable resronses the encounter tspesfare consistently
ranked in the order tasil-chase firsts latefal secondsy  and

head~-on third,

Since the ranking of erncounter ture in each of the four
auestions was so consistentsy it was decided to combine Lhe

four auestions into & single index (called $3) which would

reflect satisfaction on a8 rer-encounter hasis, The 83 index

was constructed using 3 weighted sverade of the resronses to

Athe four cuestions. Table 21 shows the weightings for the

Crossible resroOnses.

TABLE 21 - WEIGHIING OE IHE EER-ENCOLUNIEE

INDEX OF SAIISEACIION, S3

QUESTION NUMBER RESEONSE WEIGHTIING
| SATISEACTIORY= 3 UNSATISEACIORY= ~1
5 Yeg= 3 : No= -1 o
6 : OK= 3 , - lLate/Earluy= ~1
7 Yes= 3 No= ~1
15 | " The service or RBoth= 3  ATC élonex -1

These rescorings uere‘averaged over all recorded answers to
the four auestions in everw encounter., The resulting
averades were multirlied by 4y and roundédy to scale all
derived scores to randge from -4 to 12. The obtained ﬁcmresi
are interrreted in Table 22,
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TABLE 22 - MEANINGS OE THE VALUES OE THE EEE-ENCOUNIER

INDEX OFE SAIISEACIIONs S3

ValLUE MEANING

12  No unsatisfactory resronses out of three or four cuestions
8 Ome unsatisfactory resronse out of four questions

7 Oné unsatiéfacter resEOnNse dut of three auestions

4 wa‘unsatisfactors resronses out of four auestions

1 _ Two unsatisfactors resronses out of three Ggesiions

Q ‘ Three unsatisfactory P@ﬁPOHﬁéS out of fqur auestions
-4 Four unsatisfactory reswohses out of four cuestions

The‘distribution of 53 was extremelsvskewed. The srevalence
of the maximum rossible scores 12y ranged from 70 revcent in
HO  encounters to 89 rercent in TC; Fiﬁdre 8 rresents an
overview of these data. The cartiorn "A11 OK* i the bar
chart denotes an abhsence of ungeﬂiﬁfactoru answers (i.e, the
value‘ of 83._i$ 12, All Scoreﬁ less than‘iﬁ have ﬁeen
dgroured into the catesdorw "GRIFES." The arerroval score of
the rilots concerning the advisors.sérvicé i ﬁeen-to he
strongly derendent uron encounter tw#e.’The.mean score of 53
for HD_ehcounters was 9.5,> rising to. 10.5 for LE; antl
reaking at 11.4 for TC eneountérﬁo‘ﬁ conventional analssiﬁ
of variasnce to test for differénceﬁ among these means would
be ihap#ropriatey in  the light of the extreme $k@wne$$ of
the data. A Kruskal-Wallis one-way analwsis of varisnces
based on ranksy wielded an areroximate Chi-seuared statistic
of 7.9y with 2 DF.
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The rrobaebility of 2 statistic this larﬁe_arisihﬁ bhae chance

is less than 0.02.’

From the strong derendence of satisfaction wrorn encounter
turay it can. be corncluded that the advisory service is
viewed bw the silot as bheirmg of most use whern the intruder

is unseens as in the case of overtaking traffic.
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SuMMakY. The ‘PdSthliSht deb%iefings and the debriefings
that took rlace in the cockrit subsecuent to each encounter
contain information th3£ bears on the central issue of how
the rilots regarded the service. The énaluseg of these data
on Satisféction and sccertance were' divided into the
followinsg subéections.

o Flight ﬁebriefinﬁ

o Encounter Debriefing

o Combined Index of Pilot Satisfaction

o Encounter Ture and Satisfaction
In the first subsectiony Hlobal ratings of  the disrlaw
(called R1) and of the advisorw service as a whole (R2)s
were #amined to determine thé level of 'satiﬁfactimn
exrressed after easch flight. In the second subsections
resronses to four auestimﬁs fFrom the» encouﬁier debriefing
were added for each encounter in a2 rarticular flight, and
averaged over 2ll bf the emncounters in that flisght to create
g rer-flight index of satisfaction (H1) based uron encounter
debriefings. Thirgdluer & combined index of silot satisfaction
(82) was formed Trom both the #lobal ratings R1 and R2  and

the encounter~based index of satisfaction S1.

There was & significant rreference shown in the dlobal
ratings for the service z2s & whole over the disrlag. Both
the rilot’s ratings and the constructed indices were cuite
high throughout s11 of the flishts, but there Wwas @ mark@d
urtrend which flattened out  around the fourth flight.
Correlating the combined index of rilot satisfasction with

.
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the data from the sreflight exam indicates that
arFrroximately one-third . of tLhe increase ir ilot

satisfaction is & result of increasing familiarity with the

sustem.

In the fourth subsectiomns resronses to the four encounter
debriefing auestions thalt were used to construct the

rer-flight index of satisfaction 81 were averaded over

individual encounters to comstruct a rer-encounter index of

satisfaction (83). When this 83 index was examined 85 @
function of encounter twpev(Headmoﬁ (HD);'Lat@ral éncounter
(LE)y Tail-chase (TC))y il was seen that .Satiﬁfaction is
highest for. the TCr lower for LEy énd lowest for HO
indicating that Pilbts regard the advisorw service most

highly when the intruder - is least likelw to be visibles and

that thew value the advisorwy service least when the intruder

is most likelw to be in sight.
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USE OE THE ADVISORY SERVICE.

INTRODUCTION, Utilization of the automatic advisorw service
can be examined bQiloaking at how well the advisoﬁiés aidbin
Qisual aeauisitiony  whether or not rilots follow the RAS»
and whether or not comeliasnce with the RAS. increaseﬁn the
separation between aircraft. These snaluses are divided into
the following subsections. |

o Visual Aceuisition

Filot Resronse

Q

o Closest Foint of Areroach (CFA)

Distributiorn of CPA Data

s}

"o Filot Behavior s a3 Function of Sustem Estimates of
Riﬁk
In the first subsection the time h@tw@en the Pilot’ﬁ'reéeipt
of 8 first advisorwy and his échievemént of visual contact is
takern a5 an index of time to visual acauisitinn{AThim irdex
is examined a3s a function of both the number of exweriences
with the advisorvy service and the encounter tswé. Additional

analusis of visual acaeuisition in the tail-chase situation

is rresented because the advisory service (TAS and RAS) maw

have srecial value i situations where the intruder is

unseen.

The second subsection examines statistics concerning
maneuvers made bw the subdect wsilots. The auestion of

whether silots differ in their prorensities Lo maneuver is.

addressed and the freauency of maneuwvers with regsreclt Lo the
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number of exreriences with the advisory service is examined.,

The data extraction tares from the Mode § dground swstem were
Frocessed to obtazin. date on the closest roint of areroach
(CFA) which ds the minimum three-dimensional seraration

between the subdect aircraft and the intruder during an

encounter, In the third gubhsection the  actual ancl

sustem-rredicted closest roint of areroach (aCF4 8nd PCPA5
are examined with resrect to four defirmed rilot reactions to
the RAS. For those encounters with 2CFA's  less than 1000
feet the individuél horizqntal and vertical comronents of
the CFA are Plottad with resrect Lo eéeh class  of ﬁildt

reaction.

In the fourth subsection anlexamination of the aCFa dats
di%tribution shows & sreal desiree of variabilityry rosiltive
skewnessy and tail-heaviness (kurtosis) whiehlr@nderﬁ it
unsuitable for analusis bw %tandafd rarametric methods,
Though a Qariétu vuf transformations fail to comrletelu
stabilize and normalize the variancey the transformation
10lodg(aCFAa/=CFAY is chosen aé a8 continuous estimator of
PerformanceofThig rerformance estimator is 'examined as &
Tunction of maneuver tures number of exreriences wiﬁh the
advisorQ servIcer lat@ncs‘(time to P110£’$ awareneﬁﬁ af @

advisaory)r and intensity of maneuver,

In the last subsections #CPA‘s are catedgorically sartitioned

into classes of the sweslem’'s estimate of risks snd the

Filots’ srorensity to maneuver is examined with resrect to
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this catedgorical risk estimate and with resrect to encodnter
ture., Alsor an anslusis is rresented of factors affecting
outcome (defined as gdod.if the aCPA exceeds the »CFA bw 10
rercent or more). The factors risks maneuvers éncounfer ture
and theiru two~-factor intéractiqnsv are investigatéd to

determine which most significantls influence a rilot’s

“rerformance in achieving safe seraration,
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VIsSual. aCOUISITION., One waw to tell how well the rilots
learn to wuse the disrlawy to hels find traffic is to measure

how soon after the first advisorw theQ acmuiré visuél
contact and how this ehanges as Lhew Hain experience with
the swustem. Table 23 shows_tﬁe average time in seconds to
visual sceuisition for ﬁaéh‘ flight nrumber for head-orny

lateraly and tail-chase encounters,
IABLE 23 -~ MEAN TIME (IN SECONDS) ID VIsUaL QEDUISIIIDN'-_

ELIGHT NUMHER
ENC. TYPE 1 2 3 4 I A
Head-omn (HO) 42 29 40 28 27 25
| Lateral (LED | 464 33 34 20 36 43

Tail-chase (TC) 144 99 105 8é - a8 - 88

The .x#ected 1é§rming curve Pattefn is seen in esach Case.
The mesans (excert for LE in flight rumber four) established
their final levels bw Lhe fourth fFlisght. Fiﬁur@% Py 10y and
11 show the freauency distributions for each S flisght  number
Fer encountér ture, Thoudh the data for the 1&5£'tw0 flights
in the LE catedorw show an increase in the aQeragé time to
visusl acauisitions the’freauénes distribuytion in Figure 10
shows  that the most common values weré clustered around ﬁhe
15 - 30 second range with two isolated méﬁeﬁ each at. the

urrer end of the scales which weidght the averades urward,
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time in seconds

15¢, TO 160. ' 159, 70 1698, , 159, TO 189,
149. T0 156, 140, YO 159, ' 149, T0 159.
130. T0 149, : 139, TO 140, : 130. T0 140.
120, T0 130, 120. 10 130, _ 120. TO 139, :
1108, TO 129. 110, TO 120, 110, 10 120, . [
100, YO 110, . 100, TO 110, : 190. T0 110, _ :
99. TO 190. 90, " TO 100, 90, T0 tee. : ;
80. TO 9. FLIGHT 1 890. TO Be. FLIGHT 2 29. Y0 9@. ' FLIGHT 3
79. TO 86. 70. 10 80. ' 79. Y0 89,
69. TO 79. : ‘ 60, T0 70, ‘ 4 69, T0 70.
S9. TO 60. "'_—_] 59, 10 69. S9. 70 69,
49, TO SQ. ‘ 49, T0 50, . : 49. T0 59,
30. TO 48. :: 32. T0 49, 3. Y0 49.
20. T0 30, - 20, TO 39, 20. T0 30,
10. TO 20. :: v 10. T0 29. : 12. T0 2e.
0. T0 1. 0. 10 10. :: e. 70 %6,
-10. TO @, :j ' -16. 10 9, - -10. T0 9.
-20., T0 -10. : ~20. T0 -10. : -20. 10 -190.

¢ 1 2 3 4 , 91 2)45670 9 L] i 2 3
150. T0 169, 150, TO 160, . 150. TO 169.
140. TO 150, _ _ 140, TO 1Se. _ 140, T0 150.
130. TO 149. 139. T0 140, 1 130. T0 140.
120. TO 130, 129, 10 130, : 120. TO 13e.
1190, TO 120. ' T 110, TO 120. 110, TO 120,
109, TO 119, , ' 190, 10 110, . | © 190, TO 116, :
90. YO 100, - FLIGHT & ~ 90. TO tee. FLIGHT 5 90. 1O 100. FLIGHT 6
g6, TO S0, g0, T0 90. 8. TO 99. : : _
70. TO 89. 7. 10 80. 70. 70 86.
60, TO 79, ' 69, T0 70. . €0, TO 7.
$0. TO 69. 9. T0 60. A §0. T0 69.
40. Y0 SO, 49, 70 59. N ¥ ' 4. T0 56,
30. TO 46. 38, 10 4a, ] 38, T0 40,
20. To 3e. 20. TO 30. ' 20, TO 39.
1e. TO 29. 10. To 2e. , 10. TO 20.
e. T0 10 e. TO 1. ‘ 0. 10 10.
-18. T0 @. 1 ‘ , -10, TO 0, : : -10. 70 @.
-20. TO -10. : -20. 70 ~10. ‘ -20, 10 -10. :'

1 23 485 6 ¢ 1 2 3 4 01234667859

TIME TO _--VISUAL ACQUISITION, HEAD-ON
FIGURE 9 ‘
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time in seconds
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In addition it can be seen that flisght MUmbe T four in the LE
catedgory contains fewer data roints than the other flight
rnumbers for this encounter ture (this arresrs to be & random
occurrence) .. Visual asceuisition was not  achieved in all
encounterss Table 24 shows the nmumber of encounters rer
encounter twre and flidght 'number for which vi&uél

acuisition data does not exist.
TaBLE. 24 -~ NUMBEER OF CASES WITHOUT VISUAL aACOUISITION

ELIGHT NUMBER
1 2 3 4 i é
Head-on 4/13 As/17 6714 6714 8/17 4719
Lateral . B/28 11730 16732 15727 18737 725
Tail~chase 16/2% 12722 14727 13730 12721 15/24
Entries are a/bh where a is the number of
cases without visual zcauisitions and b is the total number
of encounters in esch encounter ture and Flisht number.
The ohserved imrrovement in ang measure of rerformance ir
visual scaeuisition (e.d. time to visual &Cauiﬁition)y b
itselfs cannot be construed as being caused by the Preménce
of the advisorw service since thére are too few date on
encounters without the servidce. For examreles it could bhe
that the subdects bhecame more  adert at srotbing  the
intrudery or thew srent more tim@ looking outside of the
cocksit. In Farticulars the examination of  visuasl
seauisition data for thead-on and  lateral ancountersy
although interesting, provides mo conclusive information on
the wtility of the disrlaw.  The data Qr tail-chase

106



S

encountersy howevery are of srecial sidnificance.

. . .
Simce an aircraft coming usr from behind is well outside of &

rilot’s field of visionr visual zceuisition seldom occours
without the rromst . of a traffic advigsory, A detlsiled
examination shows that wvisusl ac&uisition ocours in 18 of
the 45 tail-chase encounters that occurred in the last two
flight rnumbers, Addiiionéiluv visual acauisitiorn occurred in
11 cases hefore closest roint of.approacﬁ while the intruder
was  behind the subdect,  The range at which visual
aeauisition occurred varied from 640 feet to over 105000
feet with 11 instances of visual acauisition at a2 range of
over 2000 feet. These data ﬁtronglu- sugdgest that vﬁh@
advisory service did helr the rilot to Qiﬁuéllu sCELLTE
introding  traffic in  tail-chase encounters  where the
likelihood of visual scauisition without a traffic advisory

is small.
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EILOT BESEONSE:. A sromirient conmern,ié t0  what extent the
subJdect rilot maneuvers alt anu time guring an encmuntarQ and
how this is influenced by the advisorus service. 0Ff the 424
encountersy %4 rercent did not dgenerstle ,a._maﬁeuver 8%
recorded - hw the observer. This sudgdéests that wvisual
acautisition gernerated cqnfidence that the mise distance
would exceed the rilobt’s maneuver Lhreshold. An imrortant
first auestion is whether the rilots differ among themselves
in terms of their #rowensitu to maneuver. Th@ arnswer ialthat
there are marked significant differences among the rilots.
The observed fractién of encounters on'whichvaﬁ individual
ilot manéuvéred ranged from 3 minimum of 23 rercent to a
M &3 mim of 7% percent. An eleven desgree of Freedom
chi-sauared test wielded & chi-seusre of 36.%9y indicsting a
rrobability  of 0.0001 that this amount Of variatimn>w0uld

rardomly ocour in g homogeneous =ilot samele.

The tendencw to maneuver can aisovbe examined ss & function
of flight rnumbery (i.e. Lhe emp@rienée level of the rmilots).
The flight  rnumbhers sre not  homodeneous wilh resrect to
MBNEUIVETs. The observed tendencw is Tor the erevalence of
maneuverﬁ.to diminish through time. A five degree of ft@@dmm
chi-sauared test uielﬁ@d 1&08 indicating a8 srobabilite of.
0.0035 ﬁhBt the ohserved desree of decresase would vandomlus
occur if the tendencw to maneuver were indewend@ﬁt of fliﬂht-

ramier .
The tremd of decreasing rrorensity to maneuver is more
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easily seén by combining the six flight numbers into ﬁhrée
blocks of two flights each. Of the 135-eneountér$ that
occurred on  the first two flight numbefsy 58  rercent
resulted in maneuvers, This rercentage drorred to 46-wercent
of 144 encounters in the second . two flightsy and to 3%
rercent of the 143 encounters that occurred in the last two

flights.

A rlausible interrretation of this decresse in rrorensite to
maneuvery based on a multitqd@ of studies of the rsucholodgu
of novel exPéri@nCEy (References 18 & 19)y suddgests Lhat
during adartation to this new sustems the rilots uefevoverls
sensitive to disslaw information, and tended to resrond more

frequently early in their exrerience.
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CLOSESY BOINI OE ABEROACH (CEA). The rurrose of the CPA
analusis is to examine how the advisorw service was used by
the rilots in mBﬁBﬂiﬁﬂIEHCOUﬁtETSo InrFut for the analusis is
surveillance data which was recorded bw the Mode § ground
sustem and rrocessed to comerute the CFPFAs of the subject
aircraft and the intruder aircrsaft for each encounter. Two
kinds of CFA were extracteds the aschieved CFA (aCFA)Y and Lhe
rredicted CFA  (sCFAY., The aCPA is the actusl minimum
three-dimensional seraration of the aircraft in comflict as
determined from Mode S rerorts. ‘Th@ FCFA is  the mindimum
value of the rredicted three-dimensionzl miss distance

during the encounter.

To examine the effect of comerlisnce or non-comeliance with
the RAS on the a8CFAr the datlte were sartitioned into Lhe

following five mutuslly excusive and exhaustive catedories?

1. Followed RAS. This is the case if each and everw
maneuver made bw the rilot corresronds comeleltelw wilh each
and every. rositive resolution asdvisorw issued. If onlw
negative advisories asre issueds the silot’s lack of anw
maneuver is construed as comrlete comeliancer 85 1%
"rositivization® of the nedgative advisorwe (e.g. turning left

in resronse to 8 "no rightY).

2. Niffered Ffrom RAS. This 1s the case if the silot
MBreuveyrsy but his  maneuvers nelither contradict nonr

comrletelw follow Lhe RAS.
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3, Did Not Maneuver., This is the caée if the r»ilaot made

no maneuver when rositive advisories were issued.

4, Contradicted RAS. This is the case if ang or 811 of
the rilot’s maneuvers Contradicted any or 8l1ll1 of the
resolution asdvisories (e.d. a left turn when a8 "o left" or

a8 "right" is issued).

9+ No RAS,. This is the casse if mo resolution asdvisorw
information was issued to the subdect aircraft. This has no
relevance to the waus in which silots resrond Lo resolution
advisoriess but is included here for the sake of

comrleteness.

Figure 12 shows the averade schieved minimum seraratiorn  for

each of the five cases of rilot reaction to advisories.

Three values are dgivenn Tor each case! the sverade

three-dimensional slant randgey and its horizontal and
vertical comronents at the 3CFA. Notice tha£ when  rilots
comrlied comrletely with the disrlaved resolution
advisoriesy the averadge achieved minimum slant range  was
greater than 2000 feet and the miniﬁum vertical sewarvation
was well over 400 feet. For cases of éilots ot maneuvering
or contradicting the resolution advisoriess the sverade
serarations are consistently smaller with a1 average
achieved minimum vertical seraration of 318 feet for the
latter case. The last columns illustr&te that resolution
advisories were indeed consistently isswued when small
serarations were imminent.
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The encounters which had an aCFA of less tham 1000 feet were
subdected to an sdditional anaslusis, Fighre 13 shows the
vertical and horizontél serarations for each case of silot
reaction tp isgsued reéolution advisorieé. in 311 those
encournters during  which th@’wilﬁt comelied completelw uiih
the RASs the achieved vertical seraration was at leést 300
feet. In the remaining encounterss the achieved vertical
seraration waé frecuentlsy less tham 300 feet and in ﬁne cése

the aircraft were co-altitude.

There is &8 difference in the averadge absolute vertical
separation between those cases when the intruder was above
the subJect aircraft (458 feet) and those cases when he was
helow (331 féet). A t-test beltween the rases above arid those
below SMows that this difference is statistically
significant (F < 0.0001). There was no such statistical

difference in the mean minimum horizontal serarastions.

An examination into the reasons for this difference resulted.
i the norexrerimentzlly veriftied but slausible hurothesis
that the observed difference is sttributable to one or more

of the following factors$

1. When marneuwvering Tor collision svoidance it is
Likelw that aircraft descent rates exceed climb restes’ hence
gehieved verticasl seraration at CFA iz likelw to be sHreater

Tor maneuvers involving descernts.
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2+ In encounters where vertical seraration is small and
visual contact is achievedy it is difficult for the silot to
accurately Judge the magnitude and diréction of the vertical
seraration. It has been observed (bw FAA Technical Center
test rilots wrerienced in collision avoidancéi swatam
testing) that for a diven absolute vertical $e&aration the
intruder from ahove appear$ to have less verti&al seraration
angd hence appéars to be more threatening than the intruder
from below. Piloté are therefore morevlikelw to maneuver and

increase seraration for intruder aircraft that are sbove,

3. Aircraft are more visible when thew are above versus
below the horizon. The increase in‘échieved vertical CPA
seraration when the intruder sircraft are above may be a
manifestation of the tendence for #ilots to maneuver more
frequently when thew rerceive @ threatening encounter aﬁd
have visual contaét as comrared to when thew do nqt.hava

visual contact.

4, A small but nevertheless rotential Afactor més e
caused pw the intruder silots. These Pilotﬁ were instructed
to maintain a given altitude throughout the encoﬁnter. For
safetw reasonsy Frior to visusl contact the intruder silots
tended to carefullw monitor the altimeter and to ensure tﬁat
ang deviations from assidned altitude were on the side of
inereased wvertical seravation. Once viswal contscl was
establishedy howevery there was no londger the need to

maintain this rositive safety factor and vertical seraration
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distances maw have tended to slishtlw decreasse. The fact
that the intruder rilots established visusl contact more
frecquently when the subdect aircraft was ashove maw

contribute to the observed differences.

‘To investidgate the effects of  the difference in vertical
rosition the rilots’ reactions to the advisories were broken
down bw vertical wrosition of the intruder. Table 2% shows

the frequency of resronses in each catesory,

IABLE 25 - EREQUENCY OF RESEONSES I0 IHE RAS AS A

EUNCIION OE INIEUDER EOSITION

NO EOLLOWED DIEEERED nin NOIT CONTEADICIED

RAS RAS EROM KAS  MANUVER © RAS
ABOVE 1 33 2 13 5
BELOW 1 19 11 30 4

TOTAL. 2 a2 13 44 9

It can be seen that the rilots comrlied comerletelw with thé
resolution advisories most often when the intruder waﬁiéhove
thems and‘thes made rno meneuver most often when the intruder
was below. Indeeds most of the silots’ resronses fall into
the "Followed RAS" catedorw or the "Did Not Maneuver®
catedoru., Thé other three caf@ﬂories have too Tew occurences
to warrant serasrate statistical aﬁ&lwﬁ@%»l Théreforey to
sroceed with an anzlusis of the effects  of silots”’
comeliance and  the vertical rosition of the intruders the

categories "Differed From RAS" and *Contradicted RAS* have
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been combined with the "No Maneuver" catesord into one
catedory called 'NonéomPlian&e.' The twq N RQS'
obsefvations have been drorred froﬁ the following anslusis
as theu have no bearinﬁ on comwliance with the advisories.
Table 26 shows the frequerncwy of resronses as a fTunction of
intruder rositions and Fidure 14 shows the horizontal and
vertical sépafations- for these two new catedgories. The
greater vertical seraration schieved bhw rilots wheﬁ-‘theu
comrlied versus whern thew did not is clearlwy illustrated bw
Fidgure 14 where the non-comrlied cases are seen to oluster
closer to the =zero seraration axis and the comrlied cases

farther awasw.

IABLE 246 - EREQUENCY DE COMELIANCE/NONCOMELIANCE WIIH THE

RaS a8 a EUNCIION OF INTRUDER EOSIIION

COMELIED NONCOMELIED

. AROVE 33 20
RELOW 19 45
TOTAL 2 66

Table 27 rresents the results of an anelusis of variance
using slant range as the derendent variable and comrliance

and vertical rosition as the susrected sources of variation.
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"TABLE 22 - SDURCES QF VARIABILIIY IN SLANI RANGE

CEA’S BRELOW 1000 EEEI
SOURCE OFE VARIAIION DE MN S0 E~-RATIO E-VALUE SIGNIFICANT

VERTICAL FOSITION 1 11894 0.346 0.56 - NO

COMPLIANCE 1 419142 12,181 0,001  YES
FOSITIONKCOMFLIANCE 1 3045 - 0,089 0.77 - NO
RESIDUAL. 114 34395 o T

The failure of 'Qartical Position; £0 reach sisnificanee
indicates that whether the intruder was above or below did
not contribute significantly to the three-dimensional slant
range. Therefores the best estimate available for slant
range is the dgrand mean of the total samerler 640 feet,
Assuming the rilots demonstrate a random samele of.bahaviorﬁ
from some larder rorulations one can be confident thalt there.
is 8 95% erobasbilite that the larder Pqpulation‘mean will be
within the interval 606 feet't0.673 feet. This rande arrlies
only in  the situation of forced encounterss with an
automatic advisorw Serviceiprésenty andg aCFA ofl less  than

1000 feet.

The fasilure of the interaction of-vertical wmﬁition'and
comsliance catedorwy to  reach statistical significance
indicates that differences in mean slant range bhetween tne
comliance catedories are not derendent uwmﬁ vertical

rosition of the intruder.

The only factor found to sidnificantly affect the serarstion
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was that of the rilot’s comwlian&e uithbﬂhe RAS, Table 28
shows the mean slant randge seraratiorny the esltimates of thé
standard error of the meansy and the 952»confidance interval
of the rorulation mean for ﬁlant seraration as a function of

comeliance caltedgory,

TABLE 28 - CEA SLANT RANGE AS & EUNCIION OF COMELIANCE
WITH THE BAS (alBa’S BELﬂu 1000 EEET)

N MEAN | SID EERR 23% CONEIDENCE INTERVAL

COMFLIANCE a2 - 714.8 23.99 G666 Lo 762.9
NONCUMPLIQNCE 6b 581 .59 23.70 . 534.2 to 628.9
DNIFFERENCE 14 133.3 _ 34.16 | 6644 to 200.3

TOTAL 118 640, 2 16.96 606.7 to 673.8

The difference in means P@PPéSEﬁtﬁ g 22.9 rercent
imErovement in seraration whern silots comwli@d_ cumplétels
with the RAS over when thew did mot, Th&ﬁe analvses of the
data for slant range less than 1000 feet indicate that when
g rilot comelies with the resolution advisorw service he
maintains a larder CFA than when he fails to comelw, This
sudgdests that & Resolution Advisory Service can contribute

to airsrace safetw,

Im discussing rilots’ "rerformancey” it shouwld be mentioned
what or how the rilots were instructed to rerform. The
Filot’s manualy given Lo the #ilots one week rrior to th@
ﬁfound school training sessiony states the followinsg:

"So far npo mention has  been made of what wour the
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rilots should do. The FUrFOse of Lthe automatic

advisory servicel i  two-~fold: to issue traffic
advisories. and resolution advisories to =L
Cautomaticallw. You~-the rilot--are free to -  choose

whether énd how to make use of these advisories."
Inm additions the Piloté were Lold hefore each flight that
thew were to do whatever tﬁ@w fell was necessary tb maintain
safe seraration. In this context rerformance measures do not
indicate the rilot’s "success” in abhievinﬁ a stated soal so
much as thew reflect the Pilmt’gvactualnuge of the automatic
advisory service., The onlw mention made of Lhe
system~rredicted closest woint of arrroach (=CFA) was that
it was rerresented as an  "X" a£ the end of the relative
motion limes and that it marked the range and relastive
hearing of the intruder a2t the rredicted roint of closest
arrroach., The interrretation snd use of PCPA-waﬁ up‘ ﬂo ~the

individual Eilot.»
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DISIRIBUIION OF CEA haIa. The preceding subsection dealt

with rerformance as it relates to the automatic advisors

servicer focusing srecifically on the differences in aCPa as

a8 function of the level of comsliance with the RAS. In this

subsectiony the level of exrerience with the asutomatic
advisory servicey as well as other factors that are
inderendent of the advisory servicer are examined to

determine their effects wurorn 3CFAy Bnd aCPA relative to

=CFA.

The imitial aerrosch to the CPa deta consisted of  an
examination of the rsrorerties of the StétiﬁtiCSy the
construction of indices resresenting Pérfcrmanee aderuscys
and comparisonﬁ_ of these sltatistics with design andg action

variables.,

The ~CP& was recorded in 342 casesy and the aCFA were
recorded i 345 cases (341 in ammmmn); The vertical
comronent of the alCPa (aGPvﬁi'haﬁ bheen converted Lo absolute
values and is based on 345 0b$@r§ati0n5. Tahle 29 shows the

desériptive statistice of these dalta.
IABLE 22 -~ SIAIISIICS ON DISIEIRBUIION OE CEa DAIa

UARIABLE  MEAN  MDN MIN MAX S0 KUET

o
>
m
E

alCFA T2414 1424 163 11759 2527 2.0 5
»CFA 1228 588 & 11634 1784 00 13.6
aCPvA (sbs) 411 400 0 1400 177 1.4 b2

All values (excerl skew and kurtosis) are in feet.
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The most striking feature of these date is their hidgh
variabilitw. The actuai ari rFredicted OCFA both have
coefficients of wvaristion in excess of one hundred. Notice
that all of the distributions are Pasitivels skewed and the
tail~-heaviness (kurtosis) ranges Trom marked in the case of
aCPA'to extreme in the case of rCFA, Coefficients of
kurtosis Ashqwn here are larder ihan the Gaussian norm
kurtosis of three. The distributional Propérties Cof  these
data render thém unsuitable for analusis bu Sténdard
rarametric methods. There esre two wauws around lthiﬁt 1.
transfcrmations that stebilize and normalixe variancer 2.

analuses bhased on cetegories or rank statistics.

A variety of tranmfﬂrmatiOﬁﬁ were aprlied to the dats. The
sauare root df aCFvh wields values that arrrodimate & normal
distribution. Thé',log(aCPA) arngd  losg(rCPAY)  are much less
assumetric than their arguhentsy but - still .tail»heavw.
Although theée transformations  still  do ‘nof ebmwlételﬂ
stabilize wvariznces 10163(3CPA/FCPQ) was  chosen a8 ba

continuous estimstor of rerformances Fl.

From the rreceding analwses of silot owinidn arnd visual
acauisitiony it miﬁhtibe exrected that F1 would show an
increasing  trend with exdreriencer howevers various Oone-Wwaw
analuses of variance failed to show any relation between Pl
and  flight number, The absence of anw_effewt of Tlight
number on Pl is borne out bw  rarametric as well as

non-ragrametric snaluses of variance.
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Similarlyy no relation was found to exist belweern F1 and the
Fresence  or asbsence of anw maneuver. Howevers when srecific

contrasts were examined between rresence or ahsence of turns

cor altitude chandgey rerformance was sidgnificsntly influenced

by these srecific maneuvers. Since the arithmetic meann of
lodsrithmic values s eaeusal to the logavithm of the
geometric mean of the asctual valueses a8 second P@PformanCe
indexy F2r was defined as the geomelric mean of the ratio

(aCFAa/=CFA) in order Lo @ramine  dgrouss  of datas for

encounters in  the  srecific classes of meaneuvers. 0Ff those

)

intrusions that lack anw lat@ral course chansgey F2 is ecusl
to 2y  whereas on  those encounters in.whicﬁ course change
occurred F2 is eaual to 3. This differ@nce.is statistically
{and wsracticallw) ﬁiﬁnificant at the 00001 level in &
Wilcoxon two-samrle test. This result monfirmﬁv arnw  rilob’s

intuition that turns are an effective avoidance maneuver,

The samE,_kiﬁd of réﬁult was also ﬁener&hedv.aﬁ miﬁﬁt he
exrectedy by  asltitude changesr howevery sinee altitude
differences constitute s relstivelw fﬁﬁall.wortimn of the
three-dimensional seraration betwe@n_aircrafty Vit iﬁ moTre
meaningful  to examine ﬁh@ aCFvA  aloney rather than with
regard to the rCFA, On those encounters in which the Qilmt
either climbed or descendedr the mean shsolute vertical.
s@#érati0ﬁy called F3y exceeded ﬁOd faeet. When such albtitude
chandes are not sresenty F3I iz less ﬁhaﬁ 400 f@et¢‘The Me &
gain  in seraratiorn  is  ahbout 150 feet. The srobabilitwy of
such differences. in means occurring by chance iﬁ virtually
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rnils.

The preeedinﬁ analyses are ,baﬁéd'.ﬁponb the wrésehce or
absence of tutninﬁ ard climb/dive maneuvers. One maw  Lthen
ask whethér; within the class of maneuvers themselvess there
is any rositve relation hetweenvintensits of méneuver anc
effectiveness, The answer to this question is flatle no.
Total desrees of course change or angle of steerest banks

though themselves highly correlastedr are unrelated to

-rerformance effectiveness. The same holds true for altitude

chandes whether sidned or unsigned.

Insofar as rilot res#oﬁﬁév intensitw i unrelated to
rerformance  effectivenessy the ‘Pdﬁﬁihle relations betweern
resronse latencw and obldective PeerPMance 'weré examinedo
The overall mean time to visusllw acéuire the intruder
gircraft was 34 seconds. These dats randge from 30 se&ondﬁ
Frior to the firslt advisorw to 4 minutes after the advisgrm.
The mesn time to note the diswlau Was seQ@n seconds with a
standard deviation of 15 Seconds. Tﬁes& timeé randged from
instantaneous to two and & half minutes.'Correlations of
these latencies with the tﬁtee CFA P@PTOPmBNC@V indices are

all of trivial madgnitude.

The‘ failure of latencws and‘intenﬁitu variables to sredict
obJdective rerformance measures is not  unususl  in research
endeavors of this kind., Indeedy it would be surerising to
find such relations. Attemerts  at rauchological
interrretations of such simrle onervables fail to Pempﬁnixe
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that their variasbhility is intrinsic and not constrained by

the contexts in which thew occur,

Measurement methods used in laboratory exreriments such as
reaction time or latencwy mesasuress resronse amelitudes or
error measure are often useful to  helr in the desisgn  of

disrlay devices and sustemsy bul it i

i

s almost certainly the
case that such measuresy bhecause of their suscestibilitwe Lo
rerturtbations are useless in bthe field assessment of such

devices.
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BEILOI BEHAVIOE AS A EUNCTION OFE SYSTIEHM ESIIﬂQIES OE BISK. In
this subsection catesorical #artitions  of CFA data are

emrlowed to exsmine rilot behavior as & function of "risk.®

As mentiorned earliers  rilots were not diven srecific

instructions on how to réaét to the rredicted CFA ihdicatmr
in their_management of an encduntetg but-regardleﬁsb.of hoq
individual rilots .did use ity the »CFPA does have value in
determining the relative rotentisl danger of encounters
after the fact. Table 30 associatés wilth ranges of »#CFA
valuesy risk categories numbered 1 throush 4; where 4
indicates the closest  range of system-rredicted miss

distance.

TAELE 30 ~ DEEINITIONS OE "RISK® CATIEGORIES

CATEGORXY - eCEA BRANGE (EEEI) EREQUENCY OF OCCUREMNUE

1 2500 35
2 951 to 2500 79
3 421 to 950 | - 114

4 | £ oor = 420 | 114

The first hspbthesis to be tested by these data is'that the
rrorensity  to maneuver would bhe dreater in Situatiwns_of
higher riﬁk.'U$inﬂ a8s fhe derendent variable the rresence or
abhsence of a maneuver of aﬁQ tures Tahle. 31 diselaws  the

rercentadges  of maneuvers in each risk categorwy broken down

thrw  encounter ture (hefore determining the eatimated
rarcentadey the value 0.9 was added to esch cell to account
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for bhiss).

IQBLE_EI ~ BFERCENTAGES DE MAMEUVERS AS A EUNCIION

DE "EISK" LEVEL oMD ENCOUNIEE IYEE

MaANELUVER
RISK CATEGORY ENC, IYFE (% OF IOIAL)Y INTraL
YES NO
HO 90 10 ' 4
1 _ LE &9 31 20
TG &2 38 , 11
C HO Hé 34 21
2 ‘ LE &0 40 38
TC 17 83 20
HQO 52 48 : 27
3 LE N4 44 48
TC 44 98 39
| HO . 71 29 28
4 ' LE 44 54 37
TG X7 63 49
Analusis of these dals shows that the onlw significant
factor of the two which influenced the rsrorersits Lo
maneuver was Lture of encounter which wielded & chiwamuaréd'
statistic of 12.%1 on two dedgrees of freedom. This indicates
g rrobability of less than 0.002 that the observed. degree of
correlation belween encourter - ture and erorensity  to
maneuver would occur  randomlu. Table 3I1 shows that the
encounter  ltwres were  ranked in the order. HO-LE~TCs with
resrect to the TFrecuencw of  maneuver. Notice that this

33

aovdering dis  the reverse of that Ffound earlier for =ilot

satisfaction. The silots  ternded Lo marneuver least 31

-
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tail;chase en¢0unter5v which is thé conditian in which thew
eRPressed the highest resgard for the utiiiﬁu of the advisors
service, This tendencw maw be influenced bw the rilot’s
Percewtibn of the cbllisian threat and thé time‘availghle to
react. Im a8 tail~chase the silot has amrle time to evaluste
the traffic situation and to avoid unPecessary  maneuvering.
This is esrecially true in tsil-chase encounters where the
iloty sromsted bw_th@ displayy is able to establish visual
contact. BRu montrasty in the HO encmgnter the »iloty aware
of hié, inébilitm to asccurastelw assess  the = encounter
situation in the limited time availaﬁlay attemp,ﬁ to

maintain 2 safetwy factor by maneuvering more freaquently.

Contrarey to the hurothesisy but statistically bhorderliney it

is noted that dreaster risk does not induce increased
maneuvering tendencies. Indeedy the dreastest tendency to
maneyver arises when bthe rredicted #oint of closest arerroach

exceeds 2500 feet.

The ratio of actusl to rredicted CFA was rartitioned into’
catedgories reflecting an encounter’s outcome. Table 32 shows
the definition of the two catedories of outcomes called

*goody ® and "soor.'

129



IaBLE 32 - DEEINITION OE "OUICOME® CAIEGORIES

. EQIEGUHI‘ ’ sLPa/=CEA ' EEEQUENCI OE UCCUREQCE
Good - 1.1 or more V 279

Foor ' ol el : ' &2

The foectﬁ of the defined risk catedgoriess ﬂhe Fresence or
ahsence df manéuverﬁy and the ture of encounter wuron outcome
were examined.  PFPresence of maneuwver and ture of encounter
were at most of nhorderline imrortance. In & mador analusis

that incorrorated all  three of these inderendent factorss

there is & slidght indicatiorn of an interaction bhetweern the

irnfluence of  risk and meneuver affecting oultcomers howevers
it is the risk factor that hes the most  dramstic influence

o outcome., This influence is seen most clearlw in Table 33

relating riﬁk to outocome.
IGBLE 33 -~ "QUICOME" a8 & EUNCIION OF "RISK®

OUILCOME
RISK  =CPA EANGE (EEEI) GOOon EOOR | TOTAL
BUFA/FCPAZL .1 8CPA/RCPACL 1L
1 FRE00 , | AU CG1E 35
2 951 to 2500 Yy CoER% 79
3 421 to 950  aex 11% 114
4 £ or = 420 93% R 113

TOTAL 82x ' Co18n 341

I Table 33 it is seen that outcomes that are nrnominallw
unsaltisfactory (in  the sense that the actusl eoint of
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clasest arrroach does not markedly exceed the srediction andg.
maw evern be less)s tend to be most heasvily. concentrated

whiere thew will do the lesst harme Failure of the silot to

better the rrediction does little to endanser an  encounter

that does not really materislize. But as the risk increasses
the value of the advisory service to aid the =ilol in
increasing seraration results in euantitastive asdvantage to

the‘fliﬁhto

SUMMARY . To examine the waws in which +the rilots wuwse Lhe
automatic advisorwy service it  is usefuyl io leoak at their
ohserved wserformance. FPerformasnce was examined. in  this
section bw  Jlooking at how well the asdvisories sided in
visual acmui%itimn;_whether or not rilots followed the RAS»
and whether or not comeliance with the RAS increassed the
seraration between aircraft. These anasluyses were divided
inte the foliowinﬁ subsections.

o Visusl Acauisition

o Filot Resronse

¢ Closesl Foint of Arsroach (CFA)

o Distribution of CFa Datas

O Piimt H@havimr as & Function of Sustem iﬁtimates qf

Rishk

In the Tirst subsection the time between the silot’'s receist

of a3 Tirst eadvizory and his achievement of visual contact
was taken as an index of Ltime Lo visual acauisitiorn. It was

seen  that rilots were aohieving visusl contact sooner as
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theirlexwerieﬁce wifh the advisorw service ihmreaﬁedollThis
imﬁrovehent; combired with the fact Lthat in the-later
Flights visual Qontéct Qas  often .achieved @ariw Lo in
tail-chase encounters when the intruder was ﬁtill trehind the
subdect  aircorafts Qtrmhﬁlm suggests  that the automatic

advizorwy service aids the silol in achieving visual contact.

The second subsection examined ﬁt&tiﬁtimﬁ concerning
maneuvers made bhw the subdect silot. It was noted that-thev
rilots differed greatly in th@ir wrowenﬁitQ to maneuverys andg
thatlt the ﬁenetal tendency Lo maneuver diminished with Lhe
numtrer. of  Flight exreriences. Whelther thi§ decresse is due
to oversensitivity to.diﬁwlaﬁed informaﬁi@n i the earlw
Tlidghts or sn increase  in confidence resulting from
exrerience with the agdvisory service or with the flight test

srogram iteself is irndeterminate,

The dats extraction tares From the Mode § ground swustem were
rrocessed Lo oht&ih cdats on the closest roint of apwfmmch
(CPH} which is the minimum three-dimensional seraration
between the subidect aircraft and  the dintruder during  an
encounter. I tihe tiird subsection the vactuall @l

swstem-rredicted closest roint of sserosch (8CFA and - =CFPA)

cwere  examined with resreclt to four defined wilol resctions

to the RAS (1. comslied comeletelw with the RASy 2. comrlied
ravrtially with the RAS or maneuvered differentluyy 3. idsgnored
the RASy 4. conltradicted the RAS). It was seen that the

smallest averasdHe aCPA‘s  were achieved when the silots
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ignored or contradicted the RAS, For those encounterﬁ with
aCPA‘s less than 1000 feet the individual horizontal and
vertical serarations were rlotted. It was seen that the
subJdect rilots comelied with the RAS more often when the
intruder was zbhove the subldect sircraft thanm when he was

below and that serarations were significantly higher when

Pilotﬁ_complied comrletely with the RAS than when thew did

rnot .

In the fourth 5ub$e¢ti0ﬁ arn examination of the aCFA data
distribution showed a great desree of variabilitur rositive
skhewnessy andg tailmheaviné5ﬁ (kurtosis) which rendered it
unsuitable for analuwsis by standasrd rarametric methods.
Thousgh & wvarietw - of transformations failed to eompletelg
stabilize and normalize the wvariances  Lhe _tranﬁformation
loloﬂ(aCPA/PCPA) was  chosen a8s 2 continuous estimator of
#erformance. The onlw  factor that was fourd to have &
Siﬁnificaht effect urport this estimator was the sresence or
abhgence of srecific manwuverﬁ'which gltered the course or
altitude of the subdect aircraft. Eoth horizontal and
vertical maneuvers were found to significantly increase  the

gegmetric mean of the ratio of actual to rredicted CFA.

Other factors examined which failed to  imerove. rerformance

are evrerience with the advisory service (flisght number)s
latency (time to wilol’'s swareness of an advisorg)s and

intensity of maneuvers,
In the last subrsectioney wCFPAs were catedgoricasllw
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rartitioned into classes of the sustem’s estimate of'.riﬁk.
The srosensity to maneuver was found to have no relastionshis
to the »CPA but 8 strong relationshir exists .between
rrorensity to maneuver and encounter ﬁuwmi vPilotﬁ maﬁeﬁver"
most often in head-on (HD) situationsy less often in 1ater31
encounters  (LEYr» and lmaét ofternn in the tailw&hase (TG
encounters. This orvdering is the reverse of that found
earlier for rilot satisfasctiony and maw he iﬁfluenceﬂ.hw Lhe
time available to react which is necessarily shorter in the
HO situation. Fimallwy an  analwsis of Faetbra affecting
outcome (defined ass “sHood’ if the aCFA exceeds the #CFA by
10 mercent) determined that of risky maneuvers encounter
ture andg  their tw0mfactmr_ interactionsy risk is  most
significant inn  determining muteoméy with = the thighest
rercentade  of  dood  outcomes mcmurrihﬁ“in the higher rishk

erncounters.,
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CHARACTERISIICS OE THE IRAINING EROGRAM.

A ground school ek&m (Arrendix R) was administered to the
subdect #ilots before and after the ground school tfaihinﬂ
session. The exam scores were used fdr three Pﬁrpqﬁesi 1. to
match  rilots in the rerlicated latin gmﬁare of the
exrerimental . designy 2. to obtzin an obJective index of the
subJecﬁ Filots’ émmpreheﬁsimn of the advisors service prior
to the first Fflishts and 3. to sssess the value of the
training session. Althoudgh & half dau qf‘grbuﬁﬁ school was
conducted fTor the subldect rilotsy the results of the two
exams did not show a sidgnificant difference (mesns of 72,5
rercent on the first and 75.0 #ercent on the second). The
rerformance on the firgt sground school exam indicates that
the training manuzl srovided the eilots with a useful bodwy

of inmformation.

Ar additional exam waé comeleted bu‘the subJdect milots srior
to each Flight (sreflight examr.ﬁpwendix B)., This rermitted
determining it anw imerovement in apparenL kﬁowlédge of the
swatem occurred as a result of Tlight @ exreriencey and to
estimate the relative value of lthe dround school with zeotusl
Tlight exrerience., The rreflight exam dats were comrlete
excert Tor omne missing value Tor silot K (flight nﬁmher 2.,
This =ilot alﬁo.reweivwd an wnusually low score on the first
and  third exam administrations, Omitting this sublect gives
a range of exam scores betweern 10 and 18 (out of a‘ rossible

18)Yy with 2 larde srorortion of scores betweern 16 asnd 18.
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Analesis of  variance indicates that the averadge scores
differed betweern flishts (rrobability of this beindg 8 random
result equals 0.04). The sidgnificance of " this difference

28

increases slightley if  the anomalous sublect K is omitted,
Howevery a rank orvder correlation of the hean$ for the six
flight rumbers with 2 rerfeclt monotonic ustrendg fails to
reach significance (F = 0.0%)y with or without silot K. It
misght thér@fmre he -conclqd@d that there was no rreflisht
test imwrdvement as. exFerience increased. Hmwe&er; -an
examination of the exam score vérsus flidght number curve
(Fiﬁure 1%) shows that the failure of the rank correlation
to  reach significance is asttributable to the small reversal
of means (17.7 to 17.08) between flights five and six. A
"learning curve" of _Just this kinds is the mogtvcummunlw‘
noted trend for rggchological teslt scores and rerformance

measures of this twre (Reference 200,

The homosgeneity of the silot semrle can be sssessed with the
intraclass correlation cd@fficient; Nitﬁ or without =ilot K
this coefficient is arrroximatels 0.50. A between-subdect
correlation of 0.%0 indicates a fair amount of hmmosQﬁeitsv
esrecially in view of the narrow dunamic rénﬂelmf the exam
scores.  Since the F-ratio is statisticaslly reliabler this

correlation coefficient is also reliasble.
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RESULIS

INTEOOUCTIION.

This rerort described 8 flight test erodram  involving 12

subrdect PilotsQ Flwing ?2 flishts (6 fliﬂhtﬁ each)y with a

total of 424 midair encountersy using an autamatic' adviﬁqru
ﬁeryide, The automstic sdvisors service was comeosed of bwo
service5§ 1. a Traffic Advisorw Service (TAS) which
diselawed & mmntinuailu uwﬂated; COUTSE -~ traffic mar of
the airsrace around Lthe subdect aircrafts  andg - 2. a
Resolution Advisorw Service (RAS) which suggested conflict
avoidance maneuvers caloulated on the haﬁiﬁ‘of ground  radar
surveillance infurmatimno Phusical data were taken bw
on—-board  observers:  and by sround-based maﬁnatie tare
recorders., Suhdecﬁive dats  concerning #ilot' ominion and
rarcertion were collected with rost-flight debri@finﬂﬁl aric
rost-encounter debriefings. ALl of  the gsncounters were
subdect to the following three canstraintst
1+ No vertical rate or maneuveriﬁﬁ encounters were
Flowr.,
2o No =larned multirle sircraft encounters were- Tlown
(32 unrlanned multisles occoured).
s The dintruder air¢raft were’ not  eeuirred with the
antomatic advisorwy service.
The test resultﬁ maw  have heen different had these

constraints not been in effect.
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- This section summarizes the mador findings of the dats

analusisy and is divided into the following five sections.,

) 0 Derendence of Dats onm Test Conditions
»’ ' o Pilot Utility Assessment of the‘hdviSOru Service
- o Filot Accestance of the Advisory Service
o Use of the Advisorwe Service
- o Characteristiocs mflth@ Treining Frogdram
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LDEEENDENCE OE DAXA ON IESI CONDITIONS.

o The counter-balancing Besiﬂn (latin s@uare) wused in the
flight test =rodgram was successful in eliminating any
maJor  swustematic data dependenciESy and. the
meteoroloﬁicél limitations imrosed on the flights were
sufficient to avoid the ma.or random derendencies (rage

&2,

EILOT UIILIIY ASSESSMENI OE IHE ADVISORY SERVICE,

o The sub.ect rilots showed most arrrecistion for those
elements of  the TAS which dave basic information
regarding the .loeation and relative motion of the

intruder (rade &4).

o There was a distinct Prefefenée shown in the rilots’
ratings for the TAS features over the RAS. Thé RAS was
initially one of the most highlw rated featuress hut
declined steadilws to fifth #lace in ﬁhe rost-hoc ranking

of the rilots’ ratingsy bu the fourth flight (srage 72).

The stability of the ranking of rilots’ ratindgs of thé'

m}

disrlaved data indicates +that four flight exreriences
with the service are sufficient to stabilize rilots’

workindg sttitudes touard dis#lased information (radge 73).

The subJect rilots felt that no crucial information was

=}

lacking in the dissrlaved datar andy in generals too much
informstion was disrlaved (rade 74).,

140



o The subdect rilots exrlicitly exrressed a3 desire for the
basic traffic sumbol aloner and for a denersl reduction

in the level of disrlaved information (rade 77).

o Fifty rercent of the subdect rilots indicated +that there
should he an audible sidnal to alert the rilot of s

rrodimate advisory (rade 77).

EILDI ACCEEIANCE OE THE ADVISORY SERVICE.

o The subdect rilots showed a high redard for the automatic
advisory service and the disrlaw in evers measure of
rilot satisfaction. The exrressed satisfaction with the
systems slthoudh wuniformlw high for 3811 flidht numbersy
leveled out and reached its essential maximum on  the

fourth flight (rages 82, 86y 88).

o The sub.ect rilots showed a significant Préferehce for the
automatic sdvisory service (TAS and RAS) as a wholer over

the disrlaw (e.dg, sizes ledgibilityr 3nd color) (rase 82).

0 Arrroximatelw one-~third of the increase inm rilot
satisfaction with erxrerience maw bhe sssocisted with

increasing femiliarity with the sustem (rade 89).

o The subdect rilots resgsrded the automatic advisory service
most highlw whern the intruder was - least likelw to be

vigible (radge 94).
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- USE OFE THE aDVISORY SERVICE.

-~ o An obhserved decrease in the time to visusl sceuisition of
traffic sudgdests that the asutomatic advisors service aids
the wsilots in schieving visual contact with the intruder

aircraft (radge 107).

- o Minimum serarations were sisnificantly larder when rilols
comelied comrletelw with the RAS than whern thew did not

(radges 111y 1200,

o The subdect silots comrlied comrletely with the RAS more
. . ofternn when tLthe intruder was above the subJdect asircraft

than when he was bhelow (rage 1160,

o There was no @ sidgnificant imerovement i achieved
gserarations as edrerience with the automatic advisorw

service incressed (radge 123).

- o RBoth horizomntsl and vertical manewuvers were found Lo

significantley increas

@ serarstions betweern azircraft (radge

1245,

o The subdect rilots maneuvered most often  in head-on
- encounterss less often in lateral encounterse and least

ofltern in tail-chase encounters (radse 128).

CHARACTERISTICS OF THE TRAINING EROGEAM.

o The subJdect wilots dgained most of their krnowledsge of the
automatic advisorwy service through self-study with a
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Pilot’s Manual. A classroom trainind session did iittle
to incresse hkrnowledde of the sustem over and above that

already dained from.the manual {(rade 135).

o The subdect rilotes dained additional knoﬁledge of the
system throughout the flisht test srodgram as a result of
actual flight experiénCESr but  their increase in
rerformance orn the ereflight exam leveled 0u£ at its

maximum by the fourth flisht (rade 1355.
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CONCLUSIONS

o Horizontal a8nd vertical maneuwvers -in resronse  to  an
automatic advisory service are effective in increasing

aircraft seraration.

o Surrlementarey informations overi andi ahové the basic
rosition  and relative motion informationy is unwanted b
rilotss and  interferes with their comerehension of
traffic situstions. Ccnfiict resolution advisories are
seen 8% less imrortant than Lhis basic traffic advisoru

information.

o Certain characteristics of gilot interaction with an

avtomatic advisorw

ﬁjrviaey (such as  the abilitw to
maximize achieved seraratior)r» are effective from the
véru first Fliﬁht exrerience with the servicer while
other characteristicsy (such  as satisfacltion with Lhe
gervicer and decrease’ i time to visusl acauisition)y

take four flisght exreriences to mature.

0 Self-study with 8 comprrehensive training manuasl is 8
effective melhod for Lraining silots in Lhe use of an

automatic advisory service. .
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RECOMMENLATIIONS

o The level of disrlaved information should be kert to =&
mirndimum  for Lhe sake of clarite in communicating to the
#ilot omlw the locastion and rredicted relastive motion of

intruding aircraft.
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FLIGHT PATTERNS

~ APPENDIX A

This appendix contains a copy of each of ﬁhe 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),

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

* v
" Non-directional deio Beacon

*% : '
VHF (Very High Frequency) Omni-directional Range Station
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"DATA COLLECTION FORMS

APPENDIX B

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

~ and the flight coordinator completed throughout the flight test'seriés.

Page
F&rm 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



IPRE'FLIGHT BRIEFING FOR SUBJECT PILOT

PILOT 1D: MISSION NUMBER:

1. WHAT DOES THIS NUMBER REPRESENT?

2,

WHAT
-
WHAT
WHAT

WHAT

. WHAT

WHAT

WHAT

COLOR IS THIS SYMBOL?

DOES THIS LINE REPRESENT?

DOES THE LENGTH OF THE ARROW REPRESENT?v
DOES_THE CIRCLE REPRESENT?

COLOR ARE THESE SYMBOLS?

DO THESE SYMBOLS REPRESENT?

DOES THIS SYMBOL RE?RESENT?

COLOR IS THIS ADVISORY?

FORM 1 -~ PREFLIGHT EXAM

(page 1 of 2)

DATE:



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

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

[10] PRE-FLIGHT CHECK OK (Y/N):  1F 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)

B-4



DEBRIEFING FORM

[1] Test Pilot ID: [2] Pilot Mission #:

[3] What did you think of the colors 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]  ©basic traffic symbol + .

[7] relative altitude |

" [8) ‘out-of-range traffic symI.)ol' (A)

[9) vertical speed |
[10) traffic course track

{11] own aircraft course track

(12] .relative motion line

[13] range ring-

[14] point of closest approach

[15] turn status

{16] resolution command

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? 1.

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 -con‘sult 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

(page 2 of 3)



[22)

[23]

- [24]

[25]

[26]

[27]

How adequate was the traffic advisory serv1ce in preparing

" you for the resolution adv150ry"

not useful at all - !
somewhat useful.
very useful
How confident are you -that the resolution commands maximize
the miss distance. :
not at all c;onfident
.someWhat confident
very confident
1f you never see the traffic how do you feel about followmg
the resolution advisories? .
not at all confident
S;Omewhat 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

(page 3 of 3)

B-7



(1) IWTIUSION RUMLiR: (2) TEsT PILCT 1

(3) PILOT MISSION NUMDER: (4) FLIGHT LUC (3 2 3 4 )

(5) ALTITUDE MAINTENANCE: | (6) COURSE MAINTENANCE:

(7) TURBULENCE?  HOW MUCH? (8) WORK LOAD BEFORE INTRUSION
(9) TIME OF FIRST ADVISORY: (10) TIME PILOT NOTES ADVISORY:

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

(15) INTRUSION TYPES 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) A :
(20) DOES PILOT HEAR THREAT? (21) TYPE COMMAND RECEIVED:
(22) DOES PILOT HEAR CLEAR? | (23) TIME BACK ON COURSE:

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

— N
h

(26) RESOLUTION: CORRECT NOT CORRECT .DONT KNOW

FORM 4 - INTRUSION LOG

(page 1 of 2)

(16) IF MORE THAN ONE, DRAW SYMBOLOGY:

P Y " At ———— . R S— ot ——y . Ar

o e s e —————

-~

v —t v -



[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)



[1] Intrusion Number:

[2]’Test-Pilqt 1D: ' [3] Pilot Mission #: |
(4] Where did the intruder come from (clock position)?
[5] Did the display light up in time?
(6] Did the threat advisory occur too early or too late?
[7] Did you find ATARS_ useful ‘in avoiding the traffic?
[8] Did you maneuver before you received an advisory?
If yes, why?
[9] Did you find the resolution advisory or the display the most
" helpful?
[10] What did you think of the resolution advisory?
[11] Was the intruder going faster or slower than you?
[12] Was the intruder ATARS e'q-uipped?
[13] Was he above/below you or at same altiﬂtude?
[14] How would you rate the workload of the intrusion (0-9)?
{15] Would you rather have ATARS advisories or traffic controller

advisories? Both?

FORM 5 - ENCOUNTER DEBRIEFING
(page lofl)

B-10



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

1If you choose to 1gnore a resolution advisory, and dec1de
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
The
The

The

aircraft
aircraft
aircraft

aircraft

at 3 o’'clock.

at '3 o'clock and 10 o'clock.

at 7 o'clock.

at 10 o'clock.



4o

Which of the following is false?

1)
2)
3)
4)

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

The 1argé "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)
3)
4)

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 warﬁing 'threat’. ,
4) Both 1 and 3.
B
8. Upon evaluanng the two separate 51tuat10ns 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 followihg- pro-

perties:

o

(e]

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

aircraft is turning.



9. Which fig.ure will appear on your ATARS dispiay?_
1) Figure a ' | '
2) Figure b - . | ‘ -

3) Figure ¢

4) Figure d-

10. All simultaneous threafs will:

. 1) be represented by green target symbols.
2) be supplied with relative motion lines.
3) ©  cause a resolution advisory to be displayed.

4) be represented by a red ',

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 green '}

2) a yellow asterisk
3) a red

4 a red "



15.

16.

1)
2)
3)

4)

29 o

When a red '+02' symbol appears‘next to a traffic_ symbol':

a threatening aircraft is located 200 feet below you.A

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:

2)

3)
4)

whether your separation from the aircraft is increas-
ing or decreasing.

the direction of vert1ca1 movement of a threatening

aircraft.
the predicted point of closest approach.

the direction of vertical movement of prox1mate 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 -

is:
1)
2)

3)

4)

apo

ll+04 "

>k’
: FAA WUH Tech
"-P'. : - IR oy "Iﬂ"ll’”’l”"lﬂmﬂﬂﬂ W fm

B-16



18.> The predicted point of closest approach of the thréafoéjrepreg

19,

20,

sented by:

1) *

2) Right
NO CL1

3) X

B Y

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

1) LH

2) +04
3)———p
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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	NOTICE 
	The Automatic Traffic AdvisorY and Resoltion Service (ATARS> was a concePt that envisioned Sround-based Discrete Address Beacon SYstem <DABS> sensors eGuiPPed to Provide a collision avoid~nce service. In October 1981, the Federal Aviation Administration discontinued develoPment work on the ATARS concePt, as beinS redundant with decisions to imPlement a Sround-indePendent collision avoidance sYstem' TCAS. 
	This documents data derived from the ATARS develoPment Prosram and describes technical characteristics of such a collision avoidance service. The PUrPose of the fePort is technical documentation. No imPlementation or further develoPment of ATARS is anticiPated. 
	ABSTRACT 
	This rePort Presents the results of a larse scale sYstematic field exPeriment conducted at the Federal Aviation Administration Technical Center to evaluate the utility, and the human factors aspects of an automatic advisorY service. servi~e is comPosed of two services; 1 • a Traffic AdvisorY Service <TAS> which disPlays a continuallY uPdated, course-uP traffic map of the airspace around the subJect aircraft, and 2. a Resolution AdvisorY 
	The automatic advisory 

	Service 
	Service 
	Service 
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	which 
	sussests 
	conflict avoidance 
	maneuvers 

	calculated 
	calculated 
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	basis 
	of 
	sround 
	radar 
	surveillance 

	information. 
	information. 


	AnalYses of Pilot opinion data examines the Pilots' assessments of the· information content of the display, and 
	their accePtance of the automatic advisorY service. ObJective data, taken bY on-board observers and e~uiPment, is used to analyze Pilot reaction to advisories, seParation results, and visual ac~uisition Performance. 
	sround-based surveillance 

	E~ECUIIVE SUMMARY 
	This rePort Presents the results of a larse scale sYstematic field exPeriment conducted at the Federal Aviation Administration Technical Center to evaluate the utility, and advisor~ service. The automatic advisorY service is comPosed of two services~ 
	the human factors aspects of an automatic 

	1. Advisor~ Service CTAS> which displays a continuallY UPdatedv course-uP traffic maP of the airsPace around the subJect aircraft, and 2. a Resolution AdvisorY Service CRAS> which sussests conflict avoidance maneuvers calculated on the basis of sround radar surveillance information. 
	a Traffic 

	The flisht test Prosram involved 12 subJect Pilots flYinS 72 flishts (6 flishts each), in a total of 424 near miss encounters. PhYsical (flisht) data were taken bY on-board observers, and bY sround-based masnetic taPe recorders. SubJective data concernins Pilot oPinion and Perception were collected with Post-flisht and post-encounter debriefinss. The analYsis of these data is divided into the followins five catesories: 
	o 
	o 
	o 
	DePendence of Data on Test Conditions 

	o 
	o 
	Pilot Utilits Assessment of the AdvisorY Service 

	o 
	o 
	Pilot Acceptance of the AdvisorY Service 

	o 
	o 
	Use of the Advisors Service 

	o 
	o 
	Characteristics of the Trainins Prosram 


	In sub~ective measures o~ oPinion and obJe~tive measures o~ Per~ormance, the advisor~ service was ~ound·to ~ave a hish desree o~ Pilot accePtance, and it was ~ound to aid the Pilot in manasins midair encounters. There w~s a distinct Pre~erende shown ~or the TAS over the RAS. Analwsis o~ data on th~ Closest Point n~ APProach <CPA> showed tha{, ·for' encounters wi{h CPA less than 1000 ~eet; the averase achieved minimum slant ranse increased bw 22.9 Percent when comPlete!~ with the resolution advisories over w
	Pilots comPlied 

	The results o~ the analwsis lead to ~ollowil"l!-1 conclusions: 
	o 
	o 
	o 
	Hbrizontal and vertical maneuvers in resPonse to an ef~ective in increasins aircra~t separation. 
	automatic advisorhl service sre 


	o 
	o 
	SuPPlementars in~ormation' over and above the basic:· in~ormation' is unwanted bs 
	Position and relative motion 



	.c~nd :i. nteT'fe res w:i th thf.~ :iT' comP T'<i'hf.~nr:i :ion fJf traffic situations. Conflict resolution .advisories are seen as less imPortant than this basic information. 
	I 
	o Certain characteristics of Pilot :interaction with an 
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	autom~tic advisors service' ( r:;uch <:>.:> tht! abi l i t\:1 to maximize achieved seParation), are established bw the vers first flisht exPerience with the service• while char~cteristics (such as satisfaction with the 
	other 
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	service and time to visual acQuisition) take four flisht exPeriences to mature. 
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	A. Flisht Patterns A1 
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	xii 
	lbiiEi:ODUCIIObl 
	This report Presents the results of a large scale sYstematic field exPeriment conducted at the Aviation ev~luate the utility, and human factors asPects of an automatic advisory service. The automatic advisorY service is composed of two services. The first, called Traffic AdvisorY Service <TAS), consists of disPlaYed sYmbology dePicting the actual location of nearbY traffic. The second is a Resolution AdvisorY Service <RAS) which susgests Possible avoidance maneuvers. The PUrPose of the advisorY service is t
	Administration Technical Center to 

	See-and-avoid has been the PrimarY means of avoidins midair collisions for Pilots flYins under Visual Flisht Rules <VFR> and Instrument Flight Rules CIFR) in Visual Meteorolosical ac~uired~ the Pilot makes a threat assessment. At Present, the information used in makins a threat assessment <such as velocity, headins, and altitude of an aircraft) i ~;; de·tf~ T'ITI i n€~d b\::: visual observation suPPlemented bY data obtained from ATC advisor'ies. 
	Conditions <VMC>. Once an aircraft is visuallY 

	One of the Soals of the TAS is to Provide enough information thr'eat~?nin£~ aircraft so ac~uire the aircraft, make an accurate threat assessment and avoid increasins danser and 
	Qn btJth PT'C)}:imate and PQtt;'HYtiall!:l 
	that a Pilot can visuallY 

	:L 
	the necessitw for extreme maneuvers. At Present, air traffic 
	controllers suPPort see-and-avoid oPerations bY Providins advisories to the Pilot on a work-Permittins basis. The ~rovide hish aualitY advisories as a fulltime service for all eauiPPed aircraft within the coverase area. 
	automatic advisorY service is desisned to 

	The rePort is divided into the followins sections: 
	o 
	o 
	o 
	Backsround 

	o 
	o 
	System overview 

	o 
	o 
	Prosr~m ObJectives 
	Flisht Test 



	-
	o 
	o 
	o 
	Test Structure 

	o 
	o 
	Test Execution and Data Collection 

	o 
	o 
	Data Reduction and Analysis 

	o 
	o 
	Results 

	o 
	o 
	Conclusions 

	o 
	o 
	Recommendations 


	The first section Presents a brief historY of studies involved in the develoPment df various collision avoidance systems. 
	The nsYstem Overview• Provides an exPlanation of the ensineerins desisn of both the hardware and sbftware system structures. 
	The third, "Flisht Test ProSram ObJectives,• describes the obJectives of this studY. 
	The "Test Structure• section is divided into six subsections 
	a describin~ the various aspects of the flisht Pro~ram. Reasons for fli~ht Pattern selection and Procedure~ for Pilot selection and trainin~ are·P~esented as well as a discussion of the test Plan structure. 
	and 
	summar8 
	test 

	The fifth section, •rest Execution and Data Collection," fli~ht test prosram and how dat<:~ was ~a-t. he red, Pl'(Jcessed' and enteT'ed into a comPrehensive data base for anal~sis. ToPics covered are durin~' and after a test flisht. 
	describes the execution of the 
	the 
	activities before, 

	Anal~sis,• is divided into fiVe subsections and a summar~. The dePenden~e of test results on either test desi~n characteristics (e.~. · flisht Pattern t~pe) or other factors not strict!~ controllabie is disPla~ed information and comments resardins the information level are examined. Evidence of Pilot satisfaction and accePtance are also examined in detail. Visual acmuisition data and Point of closest aPProach information are examin~d to identif~ Pilot behavior. The trainins Prosram is assessed in the subsec
	The sixth section, "Data Reduction and 
	examined. Pilots' evaluations of the 
	•characteristics of the 

	The last three s;ections' •Results, .Conclusions and findin~s of this stud~. 
	Recommendations,• summarize the 
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	B~CKGROUND 
	The reouirement for the develoPment of a discrete address beacon s~stem was identified in the 1969 DePartment of TransPortation <DOT) Air Traffic Control CATC) AdvisorY Committee StudY <Reference 1). The stud~ recommended modifications to the Present Air Traffic Control Radar Beacon Swstem CATCRBS> which would imProve the surveillance reliabilit~ of the s~stem. SPecificall~' a discrete address mode data link function <Mode 8) was s~stem which automaticall~ transmitted traffic advisories to the Pilot. This s
	accuracY and the 
	ProPosed which would suPPort a 

	Both the comPuter alsorithms and the cockPit disPlaws for this service have undersone a stead~ evolution since the 1969 DOT stud~. A sinsle-site alsorithm was published in 1975 <Reference 2). A multi-site alsorithm' called IPC Chanse 2, was Published in September 1976 <Reference 3) and subseouentlw tested at the Federal Aviation Administration Technical Center and at sites in Clementon and Elwood, New 
	4 
	. . 
	Fli~ht tests of the sin~le-site al~orithm were conducted at the Mode S exPerimental facilitw at Hanscom Air Force Baser Massachusetts from October 1974 to Februarw 1977 bw Lincoln Laboratorw <Reference 4). A second studw which came out of this testins examined the effects of the IPC 
	Jersew. 

	resolution service while maintainins comPatibilitw with other aPPlications beins developed for the Mode S data link. Thew develoPed the messase formats that Provided the Pilot with the information that he reGuires while attemPtins to fli~hts comPleted in this test series. The results of this testins ori~inal IPC alSorithms demonstrated the usefulness of the traffic advisorw Portion of the IPC as an aid to traffic~ however, it. was also found that in manw cases the Pilot was unable to make a threat assessmen
	minimize the workload involved. There were 103 
	of the 
	visual acouisition of 
	Sained from operation of IPC 
	studies of sinSle-site IPC done 

	5 
	<e.a. Reference 6) and the MITRE CorPeration. 
	In October 1981 the Federal Aviation Administration discontinued work on the ATARS concept, deemins it redundant .with decisions to imPlement a Sround~indePendent collision s~stem' the Traffic Alert and Collision Avoidance S~stem <TCAS>. 
	avoidance 
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	O~ER~IEW 
	SYSIEM 

	The automatic advisorw service u~ed in this test Prosram utilizes the Mode S around swstem to communicate with airborne disPlaY instrumentation. The relationshiP between the sYstem comPonents is Presented in terms of two swstem-level block diasrams; one showins the hardware confiSuration and one showins the software confiauration. 
	The hardware desisn for the automatic advisorY service is shown in Fisure 1. The three main blocks are •Intruder Ai~craft,• •subJect Aircraft,• and •Mode S Sensor.• The transPond~r which rePlies to Mode S sensor interrosations.. The subJect aircraft also resPonds to the Mode S interrosations and receives data link messases throush the Mode S transPonder. AnY advisory, whether TAS or RAS, is siven PrioritY for use bw the disPlaY. The Mode S Sround swstem includes a surveillance function' the advisorY service
	intruder aircraft is suPPlied with an ATCRBS 
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	MODE S 
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	INTRUDER AIRCRAFT 
	ATCRBS I 
	TRANSPONDER\.. 
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	riONS/ MODE PLIES 
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	SUBJECT AIRCRAFT 
	AIRBORNE
	~~ODE S
	TRANSPONDERINTELLIGENT DISPLAY 
	l~ 

	S INTERROGATIONS/ REPLIES AND DATA LINK 
	TRAFFIC AND RESOLUTION ADVISORIES 
	)} 
	..

	FIGURE 1 -HARDWARE ENGINEERING DESIGN BLOCK DIAGRAM 
	The software block diasram <FiSure 2) shows the data flow 
	advisor~ service function. Surveillance inf~rmation is Processed b~ the •sector Processins• module velocit~ and Positioh information <which comPrise the •state vector•) is smoothed. This track data is then turned over to the •Aircraft UPdate• module where the Prediction time for each state vector within a current sector is UPdated to a common time. The aircraft under advisor~ service coverase are ordered b~ x coordinate' and aircraft with both low altitude and low sPeed are entered in the •x-List• with all 
	the 
	where aircraft 

	•EX-List.• The next steP in the process is the •coarse Screen• where each aircraft is assisned a three-dimensional window. If other aircraft are detected inside this window, the~ become potential Pairs. This list is then examined b~ the conflict detection alsorithm which classifies traffic r·o~·' :i. mate and Threatenins. These classifications are made on the basis of velocities, current separation' closins rates and a proJected miss distance calc~lated from current traJectories. <Table 1 shows the advisor~
	i nt,o two catesor i es; P
	determines which 
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	Ne~ative advisories are those that advise the Pilot not to maneuver in a sPecific direction <e••• do not climb). If a tra·f'fic advisorY alone is recwi r·ed, the • Mastf?T' F~E~!'.;olution • module is bYPassed. Both the RAS and TAS are then Processed by the •nata Link Messase Constructionu module which Mode S Data Link Function.v More sPecific details of the messase formats can be found in References 7 & 8. 
	PrePares the formats and messase strinSs for the 
	8 
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	eROGR~M OBJECIIUES 
	ELIGHI IESI 

	fli~ht test Pro~ram was to determine the characteristics of Pilot interaction with an automatic advisor~ service. The characteristics follo~in~ areas for analYsis: 
	The obJective of this 
	traffic and resolution 
	were divided into the 

	o 
	o 
	o 
	Utilit~ Assessment of the Advisorw Service 
	Pilot 


	o 
	o 
	Pilot AccePtance of the Advisorw Service 

	o 
	o 
	Use of the Advisorw Service 

	o 
	o 
	Pro~ram 
	Characteristics of the Trainins 



	In the first area, "Pilot Utilitw Assessment of the Advisorw Service,• the flisht test Prosram examines the usefulness of the service as reflected in the Pilots' ratinss of the disPla~ed data. 
	Advisor~ Service,• considers the Pilot's assessment o~ the credibilitY and accuracy of the TAS and RAS. Some of the auestions addressed are: Do Pilots like the swstem?; Are Pilots satisfied with the swstem? 
	The second area, "Pilot AccePtance of the 

	cate~brY' •use of the Advisorw Service,• the fli~ht test Pro~ram exPlored the extent to which subJect Pilots used information obtained from the disPlaY when mana~ins encounters. Questions such as, "Did the subJect Pilots use the RAS to make these avoidance maneuvers or did the~ use the traffic advisorY service to assess their own maneuvers?" are examined in detail. 
	Under the third 

	13 
	FinallwP •characteristics of the Trainins Prosram" addresses Questions resardins the amount and twpe of trainins that the Pilots need before thew can use the swstem effectivelw. 
	--"" 
	:1.4 
	IESI SIRUCIURE 
	l~IRODUCIIO~. 
	This section covers the test Plan structure and is divided followin~ seven main sections: 
	into the 

	o Fli~ht Path Geometries 
	o Schedulin~ 
	o Pilot Selection 
	o Trainin~ 
	o 
	o 
	o 
	Fli~ht Activities 

	o 
	o 
	Factors Outside of Strict Cont~ol 


	I 
	o Summar~ 
	The first section examines the six fli~ht Patte~ns used in Pro~ram' how the~ were selected' and the reason for the encounter arran~ements. 
	the test 

	Schedulin~ ·Of Pattern t~Pe and Pilot seGuencins are exPlained in the section, •schedulins.• The orderins of fli~ht Patterns' eGual distribution of time of da~ and b~ means of a latin sGuare desi~n. 
	distributed learnins asPects were accomPlished 

	There were several restrictions in the subJect Pilot stricti~ observed. The determination of these restrictions and the selection Process are examined in the section entitled "Pilot Selection.• 
	selection Process that had to be 

	15 
	t~Pes of trainins the 
	The fourth section discusses the three 

	Pilots received: a Pilot's Manual (Reference 9), sround school and one familiarization fliSht in the subJect ai r·cr·aft. 
	The section "Flisht Activities• examines the Procedures of the test flisht, the subJect Pilot's exPerience and the safet~ Pilot. 
	resPonsibilities of the observer and test 

	Certain conditions hamPered some tests and sometimes caused a flisht to be cancelled or aborted. "Factors Outside of Strict Control," explains what these conditions 
	relative to the flisht tests. 
	16 
	·
	-

	£LIGHI e~IH GEOMEIRIES. 
	This section is divided into two subsections: 
	o Fli~ht Patterns 
	Selection of 

	o Arran~ement <Conflict Geometries> 
	Ehcounter 

	SELECIIO~ OE ELIGHI e~IIER~S. A total of six fli~ht P~tterns usin~ the same four navisational Points <see Flisht Patternsr APPendix A>. The selection of fli~ht Path ~eometries was limited bY certain Practical considerations such as sensor coverase areas' naviaational workload, the need to avoid the PhiladelPhia terminal control arear New York Center airsPace, and the McGuire AFB 
	were develoPed; each Path 
	the 

	.control area. The encounter arransements were desisned to maintain an even distribution of encounte~ tYPes <head-on' tail-cha~erand lateral) over all six flishts. The soal in selectins the flisht Paths was to establish a series of fli~hts for the Pilot that were: 
	o 
	o 
	o 
	Consistent with normal and exPected fliSht oPerations. 

	o 
	o 
	Confined to the 60 nautical mile <nm> coverase area of the Clementon, New JerseY Mode S sensor. 

	o 
	o 
	EasilY observed and controlled from the Technical Center. 

	o 
	o 
	EasilY manased bY Center test Pilots so that the reouired encounters could be set UP and executed successfullY. 


	17 
	E~COU~IER ~RR~~GEME~I CCO~ELICI GEOMEIRIES>. Th~ conflict seometries were selected so that theY exercised the full ranse of the advisorY service disPlaY capabilities. Durins the desisn stases of the flisht test Prosram several decisions were made in order to oPtimize the varietY of rnuestions that could be answered and the reliabilitY of the ~uestions. 
	answers to these 

	One of the issues concerned the number of aircraft that would be used durins the flight tests. AnalYsis of the nature of the aircraft conflict led to the restriction that onlY those conflicts that involve Just two aircraft would be considered. Two aircraft encounters are not the onlY tYPes that arise' and ParticularlY in heavilY trafficked terminal areas, maneuvers desisned to reduce the accident Potential of one conflict maY create a domino effect with resPect to other traffic. However' in order to reduce 
	Planned encounters were limited to two aircraft encounters. 
	The second asPect of the aircraft conflict is that the intruder vector maY contain a vertical as well as a lateral comPonent. Therefore conflicts maY arise bt.•causi·? intrudins aircraft descends toward the subJect aircraft, or climbs UP into the subJect aircraft. Because examination of oPerations durins vertical flisht encounters was not the subJect of this test, such vertical comPonent conflicts were 
	1.8 
	s~stematic variations in the desisn. Althoush 
	ruled out as 

	encounters durinS turns and altit~de chanses did senerall~, the intruder flew str~isht ~nd level into and throush the encounter. 
	occasionallw occur, 

	This left conflicts betwee~ aircraft at stable altitude differences which were Partitioned into three seneral classes dePendins uPon the lateral Position of the intruder. These conflicts were called "head-on• when the intruder aircraft was closins with the subJect aircraft within Plus or minus 45 desrees of the subJect aircraft sround tratk ~onsidered as •lateral encounters• if the intruder aircraft was aPProachins 90 desrees, Plus or minus 45 desrees relative to the subJect aircraft headins. Finall~ •tail-
	headins. Encounters were 

	results. 
	The subJect aircraft was a twin-ensine Beech Baron <BE-55) flown at a sPeed of 120 knots. The intruder aircraft Was a Cessna 210 flown at 165 knots. 
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	SCI:IEDULlbiG. 
	Six different Patterns were used in the test series. Each Pattern was flown emuallY often bY each Pilot and the !:;ew.Jence C)f th£~ Patterns wa!:; d:i!;tr•ibuted. so that each t!:IPe followed another emuallw often. This was accomplished bY use of a latin smuare de~isn. The criteria used to schedule the flishts were as follows: 
	o 
	o 
	o 
	The order in which the flisht Patterns were flown was different for each of the six Pilot Pairs. This was desirable because the Patterns maY not be the same difficult!~ nav i !!1at :i on;:J 1 ,_..,or'kload). Fu r·the r·mo Y'€-~, because of the course seometrY certain Patterns contain encounters that are Part:icularls difficult to resolve. In o r•df~ r to d :ist Y' :i.l:.11..1tP tl·1e effects of fliSht exPerience evenlY over the six Patternt:; <thereby avoidins anY biased we:ishtins of nne) each Pattern occu
	in 
	often. To avoid carrw-nver effects each Pattern 


	o 
	o 
	In order to avoid the Possibls unemual effects of time of dan:l <mornins and afternoon) resultsv each Pattern was flown an emual number of times in the mornins ~nd afternoon. In addition, each Pilot flew an emual number of mornins and afternoom flishts. 


	n In order to take advantase of distributed learnins, subJect Pilots experienced a wa:itins Period between 
	20 
	flishts. 
	~irst and second criteria were satisfied usins a latin se~uences were se~uence 5, Pilot E flew Pattern D in the mornins for his third flisht, and Pilot G flew Pattern D in the afternoon for his third flisht. The third criterion was accomPlished bw stiPulatins that: 
	The 
	sGuare <Table 2) to assure that no two 
	identical. For examPle, for Pattern 

	o 
	o 
	o 
	No Pilot could flw more than one flisht Per· daw. 

	o 
	o 
	No Pilot could flw more than two flishts Per week. 
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	TABLE 2 -LATIN SQUARE FOR SCHEDULING 
	PATTERN SEQUENCES 
	1 3 4 5 6 
	PILOTS --F/D B/K A/I C/L E/G HIJ 
	~
	(

	1 D F A B a/b a/b a/b 
	a/b a/b alb 
	~ 

	2 A B D F r r b/a bla bla b/a bla bla 
	F N 3 r r A B D rL u a/b a/b a/b a/b alb alb I M G B H F T R 4 c E B A F D 
	-

	b/a b/a bla bla bla bla 
	J 
	-
	5 B A 1-D c a/b a/b alb alb alb a/b 
	6 D F c F B A b/a b/a b/a bla bla b/a 
	KEY: 
	Letters A -F: Desisnate the Pattern t~Pes used <see 
	APPendix A for Pattern diasrams). 
	Letters a I b: Desisnate the time of da~ that the flisht 
	took Place <mornins and afternoon, resPectivel~)i 
	eiLOI SELECIIO~. 
	fli~ht test Pro~ram reGuired the ParticiPation of 12 ~overnment emPloYees, multi-en~ine rated Pilots with at least 6 hours of fli~ht time in the Previous 3 months and a minimum of 200 hours of total fli~ht time. ProsPective subJect Pilots were notified bY letter, Center newsPaPer and a meetin~ which would brief them the Pro~ram and its reGuirements. At the close of the meetin~ all .interested Pilots submitted aPPlications for fli~ht test Pro~ram. The aPPlications ratin~s and fli~ht hours, which were used to
	The 
	Public address sYstem' of 
	on 
	Participation in the 
	contained the Pilot's aircraft 

	Those selected were assi~ned identification letters which throu~hout the test series~ and each Pilot was asked to fill out a bio~raPhical back~round Guestionnaire which became Pa~t of the data base. All references to a Particular Pilot were made bY identification letter, never bY name. 
	were to be used 
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	IRai~I~G. 
	The Prime concern in the Pilot orientation was the 
	necessar~ ~or the Pilot to understand the advisor~ service well enou~h to use the information e~fectivel~. Each Pilot received a Pilot's Manual ~or self-stJd~ one week Prior to sround school. Exams were Siven at the beSinninS and at the end of the Sround school. The ~irst was to see how much the Pilots learned from the self-stud~ material and the second was to see if the Sround school enhanced the Pilot's understandins of the material. A familiarization flisht in the subJect aircraft was also Provided as a 
	reuuirements 

	The first steP durins the sround school session was the administration of a test covering the advisorw service. This test Srade became Part of a Permanent data file of the trainins Prosram for each Pilot. The Sround school training a~ter the first test was comPleted and sraded. The entire swstem was reviewed with special emPhasis Placed on the areas identified as trouble sPots from the first exam. A~ter the sround school session was comPlete, the Pilots took a second examr similar to the one thew had taken 
	besan 

	sc~ores. 
	ELIG~I ~CIIUIIIES. 
	This section is divided into the fallowin~ subsections: 
	o Fli~ht 
	Test 

	o 
	o 
	o 
	Communications 

	o 
	o 
	Ai~ Traffic Control <ATC> 


	ELIG~I. Befot·e each test f 1 i ght the safet8 Pi 1ot' Arc coordinator' observers, and subJect Pilot discussed the flight, Procedures' altitudes, communications and fli~ht test reauirements. The subJect Pilot did not PariciPate in those briefings in which the encounters were Planned and b~ the subJect Pilot when the situation occurred. In order to keeP the scoPe of these tests within reasonable bounds' certain Parameters of the Planned encounters were held constant throu~hout the test series. These fixed as
	IESI 
	discussed, since that Part was to be acted uPon 
	safety Pilots during 

	o 
	o 
	o 
	The subJect Pilot considered both aircraft to be operating under VFR conditions (visibilitY 4 nm, ceilins more than 3000 feet>. 

	o 
	o 
	The intruder aircraft was eauiPPed with an altitude encodin~ altimeter and transPonder. Aircraft without altitude encoding eauiPment were not Processed bY 


	advisor~ service eauiPment. The advisor~ service 
	the around-based 
	intruder was not eauiPPed with the 

	caPabilit~. 
	o 
	o 
	o 
	No ATC involvement was stased. The subJect Pilot did not receive or ask for traffic advisories. However, traffic advisories on aircraft other than the two test aircraft were uPlinked bw ATC in the event that the~ were not Mode C eauiPPed. 

	o 
	o 
	The safet~ Pilot, who was the Pilot-In-Command <PIC), was resPonsible for ensurins adeauate seParation safet~ Pilot sUPPorted the subJect Pilot durins the test flisht b~ handlins the communications. No helP was Siven to the subJect Pilot durine the flisht with resPect to disPla~ or Pointins out aircraft for visual acauisition. The intruder onl~ the subJect aircraft initiated maneuvers, if the subJect ~ilot necessar~. The intruder aircraft was considered blind to the Presence of the subJect aircraft throusho
	throushout the test series. The 
	brinsins his attention to the 
	did not resPond to the conflicts, 
	deemed it 



	Encounters were desisned so that this last constraint did an~ unreasonable demand on the subJect or safet~ velocit~ differences between the subJect aircraft were small so that modest maneuvers of the subJect aircraft were effective. Althoueh the disPla~ contains a b~ the Pilot, all flishts were 
	not Produce 
	Pilots. The 
	number of features selectable 
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	and non-threats except that when a threat exists simultaneous!~ with a proximate the p~oximate aircraft will not disPla~ the altitude and velocit~ vector). 
	o 
	o 
	o 
	Priorit~: No information other than the disPla~. 
	Proximate 
	advisories were transmitted to the 


	o 
	o 
	fli~hts were flowri with the advisor~ service. 
	Information Level: All 
	full 



	Before a test fli~ht the observers would comPlete a fli~ht lo~ with information about the weatherr airPort conditidns, aircraft status' and time of da~. The subJect Pilot comPleted a Prefli~ht exam Prior to the da~'s flisht briefin~. Durins the fli~ht, the observer ~omPleted the encounter lo~ recordin~ the Ph~sical data before' durins, Immediate!~ followin~ each encounter ~ue~tions concernins the encounter Just completed and recorded the answers on the encounter debriefins form. After the flisht, the subJec
	and after an encounter. 
	the observer asked the subJect Pilot 
	Pilot comPleted the 
	with the entire 
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	COMMUNICAIIONS. Durins all fliShts a site control Point called Mode S Control was located at the Technical Center radar site. All communications' air-to-sround and sround-to-sround, went throush Mode S Control. OccasionallY a vector was siven to the two test aircraft from Mode S Control to aid intercePtion of the subJect aircraft. Since int~uder aircraft was comins, a coded form of communications between the intruder aircraft and subJect aircraft was necessarhl. This was accomPlished bY havins the intruder 
	the subJect Pilot was not to know from where the 

	AIR IRAEEIC CONIROL. The ATC coordinator Provided uPdated information concernins the airsPace used bY the Technical Center. ATC was aware of the reauirements durins the flisht test and was provided with the followins information: 
	o 
	o 
	o 
	TransPonder codes of both aircraft involved in the flisht test. 

	o 
	o 
	Altitude of each aircraft durins the flisht test. 

	o 
	o 
	Intended route of flisht (see Flisht Patternsv APPendix A>. 

	o 
	o 
	Time flisht w~s exPected to besin. 


	28 
	CO~IROL. 
	EaCIORS OUISIDE OE SIRICI 

	A flisht would not be attemPted if the visibilitY was less than 4 nautical miles' the ceiling <cloud laYer) was less than 3000 feet, or the wind velocitY was sreater than 35 knots at flisht test altitude. Hardware failures <in such eGuipment as the radar sensor or airborne instrumentation), 
	analysis and the OPPortunitY to comPensate for missed encounters. 
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	SUMMaF.n:. 
	This section described the test Plan structure and was divided into the followins six sections: 
	o 
	o 
	o 
	Flisht Path Geometries 

	o 
	o 
	Scher.:itll ins 

	o 
	o 
	Pilot Selection 


	C) Train:i.n!.\t 
	o FliSht Activities 
	o Factors Outside of Strict Control There were six flisht Patterns <A-F> used in the test series. The order in which the Pilots flew the six Patterns b~ usins a latin sGuare desisn. 
	was determined 

	Followins a series of announcements and a briefins on the fl:i.Sht test Prosram, aPPlications were received from potential subJect Pilots. The aPPlicants were then screened for QUalifications such as multi-ensine ratins, current ~t 
	medical certificate, and 200 hours of flisht time with 

	least 6 in the Past 3 months. A total of 12 Pilots were chosen to Partici~ate in PT'O!.\tT'aiTI <· accePtanc(~ int<J the PJ'.C)!.\tr-am' thf:! Pilots; w~:!T'<'·! siven a self-stud~ Pilot's Manual to familiarize themselves with the advisor~ service s~stem. These manuals were siven s~hool trainins session. At the beS:innins of the trainins session an exam was administered to test the knowledse Sa:i.ned fr-om ~:;f? l f····l:; tud~ Pil<Jt '1:; Manua 1 • Thf? s•.Jbl:;(;~c~u<~!nt inst r·ucti Dn 
	C)f 
	n(:>tificat:i.on 

	to the subJect Pilots one week prior to the sround 
	the 

	::w 
	an~ 
	covered the trainins manual contents and answered 

	~uestions the Pilots had concernins the advisorY service. At the conclusion of the course a similar exam to the first was siven to the subJect Pilots, this time with the PurPose of identif~ins an~ increase in knowledse of the service that occurred as a result of the trainins session. 
	Radar sites at the Technical Center and at Clementon' New Jersew were used in the flisht test Prosram. The Technical Center was the headauarters for communications between the aircraft and the Clementon radar site. The flisht coordinator briefed the Air Traffic Control watch suPervisor about the altitudes' flisht Patterns' and aircraft numbers of the daw's flisht. The subJect Pilot, safetw Pilot and observers Participated in a Preflisht briefins. The observer comPleted a flisht los while the subJect filled 
	flisht. The safetY Pil6t handled the 
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	aPProaches. If the visibilit~ was less than 4 nautical miles, ceilins was less than 3000 feet, or hiSh winds existed at flisht level' cancellations would occur. If these thresholds were violated after a flisht besan, the flisht a!:~s;, PostPonem<oO'nts. or cancc~llation~:; were malfuncticlns d•.Je to aircraft maintainence Problems' eGu:ipment failures' or software Problems. 
	was abor'ted. Other' factors which caused del 

	summar~ of the flisht test conditions is Presented in 
	A 

	.,. 
	Table 3. 
	TABLE 3 -SUMMARY OF FLIGHT CONDITIONS 
	SEF~VICE SUBJECT Beech 55 120 Ec~uiF'Pf~d AIRCRAFT 16~:) Unec.1uiPPed 
	TYPE SPEED 
	INTRUDER 

	WEATHEI~ Vis.>4 nm. Wind at 3000 ft.<35 kts. 
	ENCOUNTERS StJ'aisht & Level On~~ I ntT'ud~~ T' 
	EXECUI10~ ~~D D~I~ COLLECI10~ 
	IESI 

	l~IRODUCilON. 
	Test execution and data collection are described in the followins six sections: 
	o Airborne Instrumentation 
	o BiosraPhi~al Data 
	o 
	o 
	o 
	Ground School TraininS 

	o 
	o 
	Flisht Data Collection 

	o 
	o 
	Data Processins 


	o Data Base Construction All the data collection activities are illustrated in Fisure 
	3. The test data were obtained bw means of examsv The~e data were entered into a co~Prehensive data base for analYsis. 
	ouestionnaires' los forms, and masnetic tapes. 

	The airborne instrumentation section explains the screen position relative to the Pilot's ewesisht and how the imases disPlaYed on the screen are Perceived. The human factors asPects of the disPlaY are described in detail. 
	The bioSraPhical data consist of the aviation exPerience and certification levels of the subJect Pilots. 
	a cl~ss for th~ subJect Pilots subseouent to individual study of the Pilot's Manual. 
	The Sround school trainins served as 
	formal 
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	DATA COLLECTION BLOCK DIAGRAM FIGURE 3· 
	w f5 
	.p. ..... 
	~ ~ 
	c; 
	C) 
	~ 
	A 
	~ 
	. .r:: be 
	..... 
	r-4 
	r,... • 
	Biographical Information 
	~ 
	Ground Sahool 
	I

	Exams 
	t-fanual Flir.ht D~t• Collectiont Preflight Exam Flip,ht Lof!:~ Log~ . Encounter Debriefings Flight Debriefings 
	Encounter 

	System Flight Data Extraction Tapes
	_____I
	I 

	l 
	... 
	..... 
	... 
	"' 
	...
	, 

	..
	., 
	Dat~ 
	Data na~e Reduction and knalysis 
	7 
	~ 

	-
	The flisht data collection section describes the test flishts and the data collected during the flights. There were two catesories of flish~ data: written <manual) flisht s~stem extraction data. Before each flisht the subJect Pilot comPleted a Preflisht exam, while the observer Po~tions of the flight los. Durins the flisht the observer comPleted the flisht los and two other forms' the encounter los, and the encounter debrie~ins. The encounter los was co~Pleted durins each encounter' and the encounter debrie
	data, and 
	filled out the initial 
	debriefins was comPleted 

	Masnetic data extraction taPes were collected at the Mode S site for each flisht. These taPes contained surveillance information, time' aircraft identification numbers' and the advisor~ service data. 
	automatic 

	The data Processins section describes the procedure of reducins all the obtained data to a format that facilitated r~ into the data base. 
	f?nt 

	The data base construction section describes the data base entr~ and validation. 
	structure and the Process of data 

	Finall~r the entire data collection Procedure is summarized. 
	3!5 
	~IRBORNE INSIRUMENI~IION. 
	Bendi~ weather radar color disPlaY was adaPted to displaY the TAS and RAS information. A detailed exPlanation of the desi~rtn is found in Reference 8 bhl Lincoln 
	A 

	-
	Laboratorw. The disPlaw was installed in right 
	<Fi~ure 4) of a BE-55 Beech Baron <Figure 
	instrument Panel 

	5). The ModeS transPonder' disPlawv Power sUPPlY and losic 
	-
	units were installed in the rear seat area of the BE-55. The disPla~ was located aPProximatelw 45 desrees from the Pilot's line of sight in the horizontal Plane and T'O~·~ i mate1 Y 10 degrees down in the vertical plane. Although some periPheral information from the disPlaw maw be 
	-
	screen of the 
	app

	available to the Pilot while scannins other instruments, 
	-
	brinsins the disPlaw into the oPtimal visual zone (30 desree 
	cone, see Reference 10) reGuired the Pil6t to turn his head. Insofar as the disPla~ is not a Primary flisht instrument, 
	-

	-
	this limitation is not ciritical. Howeverv notice that 
	bec~<3U!:>e of its l!:Jcation, thf:n'€~ maw be occasicms when auditorY sisnals would helP alert the Pilot to uPcominS 
	-

	-
	traffic information. 
	-
	The disPla~ itself subtends a visual angle of aPProximatelw t~Pical for this kind of aircraft (see Table 4). 
	7 desrees (maximum) which is 

	SUBJECT AIRCRAFT COCKPIT WITH DISPLAY -FIGURE 4 
	SUBJECT AIRCRAFT -FIGURE 5 
	.TABLE 4 -COCKPIT DISPLAY SPECIFICATIONS 
	A:i rcr·aft Yc>ke t.rJ E~e to E~E) t.c> Size & Screen Cr~w Size T!:H"e Scr·eE)n Sc Y'<,?f:~n Panf~'l T~Pe Tilt. Location VFR IFR 
	Test A/C 5 SQ in 
	~
	' 

	Beech 55 20" 28" 22" Bendix No R:isht Panel 1 Bc>f:~ in!.'!. 72'7 20" 38" 32" Yes Center Console 3 3 
	'')
	CE)~;~;na 402 :1.6. ::.~<;' H 24" Yf.·)~;. F~:i.!:.iht PanE)l 1 
	" 

	··
	-

	r) ...)
	~5!30 z:tu 34" 36" Yt:·)S; Rii:Jht Panel .<.. ~~.·.. 
	Convair· 

	w 
	\0 
	Since the foveav the resion of the e~e with hishest visual 
	.....
	acui t\:1 v subtends an an~le of aPProximate!~ ...-:. 
	CRef~rence 11) e~e movements are necessar~ in order to brins 
	resions of the disPla~ into foveal vision. These movements will necessaril~ be saccadic <Reference 12). APP.l'()}~ i m<:lt<·~ 1~ four saccades can be executed Per se~ond and it takes aPProximate!~ 0.1 to 0.2 seconds exposure to establish Ill B)·( :i. llt a]. SCI..I :it~~ <Reference 13). Given an uPdate rate of 4.7 seconds on the disPla~v there will be ade~uate time between updates for information extraction and intesration. The threshold of acuit~ is aPProximate!~ 1/60 of a desree for the normal observer <R
	:1. ~'.'.i ) • This is close to the stroke-width values of the disPla~v and that the disPla~v if not oPtimalv ad<-::><:-~uat<-::>. 
	The above descriPtion of the human factors characteristics of the disPla~ allows onl~ a coarse evaluation of its human ensineeri~s ProPerties. In Particular' the nature of the d~namic interaction of the disPla~ with the ~ilots scan of flisht instruments and visual scene cannot be adeQuate!~ 
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	assessed from the available information. For examPle' it h~s been shown <Reference 16) that Pilots do not read. all instruments in eoual detail. This becomes evident when oculosraPhic data are examined which show different distributions of slance times for different instruments durins simulated flisht. It is imPortant to know at what level of detail the disPlahl is read. Much of the detailed information on the traffic shlmbol is Probablhl isnored bhl the Pilot whose main interest is focused on monitorins th
	41 
	BIOG~AeHICAL D~IA. 
	Confidential bioSraPhical data were obtained from each subJect Pilot. The biosraPhical Profile of a t~Pical subJect Pilot is presented here. 
	Each selected subJect Pilot was !'.l:i. Vf.')n backsJ'ound c~U(i-!Stionn<:!i T'f.~ tel COmP 1(~~t(·? • Th(·? ~;upp 1 i (i-!d information was examined for comPleteness. If an~ item was found incomPlete, the form was returned to the Pilot for clad.f:ication. 
	infoJ'm<:1t :ion 

	The information solicited b~ the b:ioSraPhical data form includes the followins: 
	o 
	o 
	o 
	Aviation certification histor~ 

	o 
	o 
	Different aircraft exPerience 

	o 
	o 
	Pilot-in-Command hours 

	o 
	o 
	Simulator exPerience 


	b~ code letters onl~Y therebs suaianteeins confidentialit~ of the :information. 
	Throushout the test Prosram pilots were identified 

	The 12 Pilots that were chosen for the test reflect a broad ranse of ase, education, and exPerience. Their ases ransed from 30 to 60 with an averase ase of 37.4 ~ears. The level ~ear Post-baccalaureate deSrees wit~ a mean of 4.1 sears Post 
	of education sPanned from hish school Sraduation to two 

	h :i. ~.:!h schoDl • The number of ~ears since receiPt of first Pilot's license ransed from 5 to 39 with an averase of 12.5
	-

	4...
	'") 

	wears from orisinal licensure. The total number of hours 
	flown ransed from 300 to 11v800 with an averase of 2016.6 hours Per Pilot. Of these hoursr 20 to 5v500 were in multi-ensine aircraft. 
	GROUND SCHOOL IRAlNlNG. 
	The trainins of the subJect Pilots consisted of two Parts: self-studw bw the Pilot of the Pilot's Manual, and a Srouhd school trainine session. 
	One week before the scheduled sround schoolv each subJect Pilot was Siven a coPY of a 32-PaSe Pilot's Manual for self-studw. The Pilots' knowledee of the automatic advisorY service was t~sted bw examinations, ~iven at the beeinnine and at the end of the around school trainine session which ran from 8:30 AM to 11:50 AM on October 17v 1980. 
	wa~ exPlained and the test flisht Prosram was discussed. The Pilots were esPeciallY instructed not to discuss their OPinions of th~ service with one another. The Pilots were not told how to use the automatic advisorw service i~formationv but were told to use the information thew deemed aPProPriate durins test flisht encounters. 
	Durins the around schoolr the advisorw service 

	The sround school exam scores were used to Pair the subJect Pilots so that two Pilots with similar scores would be scheduled to flw the same seouence of six flieht Patternsv 
	43 
	alternatins the order of mornins/afternoon flishts. Table 5 shows the averase test scores for the Pilot Pairs. Two of the six Pairs of Pilots were not SrouPed accbrdins to score because of late chanses or rePlacement. Pilot Pair C-L differed in their scores bs 5 Points because Pilot L was a t~st series. Pilot Pair A-I were "leftovers" from the oriSinal Pairins Process. 
	FePlacement for a Pilot who drOPPed out of the 

	44 
	TABLE 5 -GROUND TRAINING TEST SCORES 
	Pilot Pairs Test Scores 
	C -L 11.5-16.5 B -K 12.0 -12.0 D -F 12.5 -13.5 A -I 14.0 -19.0 E -G 16.0 -15.0 H -J 17.5 -17.5 
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	ELIG~I DAIA COLLECIION. 
	The successful execution of flisht tests dePended uPon the weather and the test eauiPment. A total of 72 flishts (12 Pilots flhlins 6 flishts each) was successfull.s concluded from November 14, 1980 to Mas 13v 1981. Durins these fliSht~ a total of 424 encounters were achieved. The collected data were contained in written forms and ssstem data extraction taPes. In thlS section the test execution will be summarized. The forms which were used to Sather manual data described~ 
	will be 

	IESI ELIG~IS. The maJor factors which could Prevent a scheduled test flisht from beinS carried out were w~ather and eauiPment conditions. Thereforev shortls befcire each flisht a final confirmation was obtained on the visual meteorolosical cond1t1ons ahd the oPerational status of various eauiPment comPonents. After these items were determined to be satisfactors~ the subJect Pilotv safets Pilot, and observ~rs were briefed on the flisht Patternr altitude, and flisht procedures. The subJect Pilot was Siven a P
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	strai~ht and level course, the observer com~leted th~ fli~ht lo~. Durins ~ach encounter in the fli~ht, the observer comPlet~d an encounter lo~. After each encounter' the subJect Pilot was asked a series of concernin~ the conflict situation Just comPleted, and the answers were recorded on the encounter debriefins fli~ht was finished, the subJect Pilot comPleted a fli~ht debriefins form. 
	subJect aircraft reaehed a 
	ouestions 
	form. After the 
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	ELIGUI SUMMARY. The test seauence 77 scheduled flishts. Five of these fliShts encountered Problems with either eauiPment malfunctions or weather chanses which 
	consisted.of 

	"""} ...)
	~ ...... successful test flishts bccurred from November 18v :1.980 tel Ma~ 13, :1.981, half of the flishts beinS in the morninss and the other half in the afternoons. Each flisht had at least two encounters. Sixtw-one (82 Percent) of the flishts had five to seven encounters. A total of 424 encount~rs were 
	in a decision to abort the fliSht. The 

	involved onl~ the subJect aircraft and the ~redesienated :i.ntr·udel' aircl'aft fl~:lin£i tht.• Plannc:-.>d c·?ncountc:~r· !:.ic:?omc"'triE·~~;. There were 32 multiPle aircraft encounters which involved non-PrbJect aircraft. The remaining 65 encounters were unPlanned encounters i~volving ~ither non-ProJect aircraft, or the Predesignated intruder fl~ing on unPl~nned encounter geometries, The distribution of all encounter tsPes was as folJ.CJI,IS: 
	94 (22%) -Head-on en~ounters :1.8:1. (43%) -Lateral Encounters 149 (35%) -Tail-chase encounters 
	MANUAL DAIA EORMS. Five forms were used ~o collect m~nual flisht data <Data CollectioM Forms, APPendix B). These were the Preflight exam' flight losv encounter loev encounter debriefing, and flight debriefins. The data from these seParate forms were l.inked b~ the subJect Pilot code letter 
	4B 
	and the number of the Pilot's flisht <1-6). 
	~xefli~bt E~am. The Preflisht exam, consistins of nine auestions concernins the automatic advisor~ service disPla~, was siven to the subJect Pilot durins the Preflisht briefins in order to test his recollection of the disPla~ s~mbolos~. 
	Elisbt Los. The flisht los was comPleted b~ the observer to describe the test conditions of the flisht, includini:t: 
	o 
	o 
	o 
	The identification codes of th~ ~;afet\:1 Pilot, intruder Pilot, and observers 

	o 
	o 
	The t~Pes of aircraft used 

	o 
	o 
	The weather conditions 

	o 
	o 
	The deParture time 

	o 
	o 
	The time when the aircraft first reached a straisht and level course. 


	These data were either Provided to the observer b~ the 
	<:~PPrOPT'iate technical Pt;>r·sonnel (<~!.~3. in t,ht?. ca~:;c~! of wc-?at..her' information), or were obtained b~ him d:i r·ectl\-J fronr inst r•.Jmentat ion on-bc)aT't.:i SI.Jb,Jf?Ct a :i. r·c r·aft. The~! information contained in the flisht los made it Possible to subseauentlw catesorize the data base bw such features as Pilot, flisht number, and visibilitw. 
	EccouoieE Los. The observer comPleted the encounter los to describe the conditions and events ·Of each encounter. 
	o 
	o 
	o 
	Turbulence at the besinni~S of the encounter 

	o 
	o 
	TwPe of encounter (i.e. head-on' lateral encounter' 


	(J r ta:i.l····cha~:;E)) 
	o 
	o 
	o 
	T\~P(~) of advi soT' :i. f?!!; received from the a•..rtclm<:vt :i. c 

	o 
	o 
	Evasive action taken b~ the subJect Pilot in 


	~· .
	. l 

	~:; :1. ··,u;:~ ~~ :r. on and thf:~ 
	to ccJnfl :i.ct 

	C:lf" t.h(""' b~ the subJect Pilot such as altitude and course maintainance, :i. n~:; t rumf:)nt. anci 
	ratinss of various asPects 
	conflict manasement 

	maneuver coordin~tionv a:i. r·~:;PP!-:)d controlv fuel manasement and workload. 
	Er:tcor.Jr:t:!:.e.r.: :Oeb.r~ief:ir:.S. I mmf:)cf:i. att:)·l \:! aft<·:~ r <:~ach (~)ncount<~) T' the observer asked the subJect Pilot a series of auestionsv and comPleted an encounter debriefins. The twelve auestions asked concerned the Pilot's oPinions about the automatic adv:i. ji;o T'\:l service ·for the encounter. The answers were on~board the aircraft while th~ subJect Pilot's imPressions of the encounter were still fresh. 
	collected 

	~'.) () 
	c -
	Deb~iefios. At the end of the flisht when the ove~all exPerience' he comPleted a flisht debriefins form. This form contained twent~-five ouestions in different resPonse formats. The data thus collected was comPrised ofl 
	Elisbi 
	subJect Pilot could reflect on his 

	o 
	o 
	o 
	o 
	utilit~ of the seneral asPects 
	The ratinss of the 


	advisor~ disPla~ 
	and individual comPonents of the automatic 
	service 


	o 
	o 
	The evaluation of the relative merits of the advisor~ services <TAS and RAS> 

	o 
	o 
	The descriPtion of the attitude toward and the advisor~ service 
	utilization of the automatic 


	o 
	o 
	s~stem oualit~ of the service 
	The evaluation of the overall 



	D~IA EXIBACIION. Masnetic taPes were used to record s~stem data at the Mode S sensor. The extracted data contained: 
	SYSIEM 

	o 
	o 
	o 
	Time and scan number 

	o 
	o 
	Surveillance rePorts 

	o 
	o 
	Tracked aircraft Positions and velocities 

	o 
	o 
	advisor~ messases sent to the 
	Traffic and resolution 



	subJect aircraft. For most of the flishts, coverase was Provided bs the Mode S Jerse~. In order to reduce the s~stem load, the resular 60 nautical mile radius coverase 
	sensor at Clementonv New 
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	area was reduced to a wed~e extendin~ from the 90 desree azimuth to the 21a de~ree azimuth. This wed~e-shaPed area did not include the traffic in and around the PhiladelPhia terminal control area <TCA). There were a few instances when some swstem Problems hamPered the oPeration of the Clementon site. In these cases, the Technical Center site was used to cover the test flishts. 
	£BOCESSI~G. 
	Daia 

	bein~ entered in the data base' the bio•raPhical data, ground school exam results and manual flisht data were s~stem data tapes were Processed to extract the aircraft conflict information and the surveillance rePorts of all the involved aircraft from which the closest Point of aPProach <CPA> was calculated for each Final!~, the fli~ht data and s~stem extracted data were correlated so Lhat all the s~stem data Pertainins to test encounters were collected. 
	Before 
	all muantified. The 
	encounter. 

	Ma~UaL Daia QUa~IIEICaiiO~. The data obtained manuall~ in the biosraPhical muestionnairev ground school exam and the fli•ht manual data forms were muantified and entered into the data base. Most of the data remuired ver~ little velocit~, directl~ into the data ~es or no muestions readil~ stored. However, the answers to an "oPen-ended" muestion had to be the~ could be entered into the data base. 
	PreParation. For example' the temperature, wind 
	and ratins scales could be entered 
	base. The multiPle-choice muestions and 
	Produced results which cciuld also be 
	classified into 21 basic catesories before 

	EXIRaCIIO~ Ia£ES. The sYstem data extraction taPes contained the surveillance rePorts of all ai~craft in the Mode S sensor coverase area as well as the automatic 
	SYSIEM Daia 
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	advi soT'\:1 service data of thos~ aircraft in Potential conflict. To determine the identitY of the aircraft involved in the encountersv a correlatin• Process was Performed. This was done b!:l examininS two of CDr J'obo r<:~t :i n~lf infor'mation: 
	o 
	o 
	o 
	Plots of aircraft Positions and the automat,ic advisories from the data taPes. 

	o 
	o 
	Listinss of possible intrude~ aircraft from the data 


	For most of the flishts a Sround observer sittinS in fro~t of the Plan Position indicator <PPI> screen at the Mode S site monitored the flisht and recorded sisnificant events in Prosress' such as the identification of the aircraft in conflict, the encDunter time and scan numbers' the autDmatic advisor!:~ contents and the s!:lstem data extraction taPe 
	numbt~ T'~:;. 
	The Plots of known aircraft Positions and listinss of relative ranse Snd bearins of the intruder' were all PrePaPed from the s!:lstem data taPes. These visual rePresentations were then comPared with the manual data of the observer's loss. Usuall!:~ this simPle Process of correlation was sufficient to identif!:l the intruder aircraft which was involved in a sinsle encounter. Howeverv durins an encounter 
	~. 
	a non-ProJect aircraft misht be in the immediate area, and cause an unPlanned or multiPle encounter. For the unPlinned ~11 ~7i4 
	and multiPle encounters an exhaustive search for 

	aircra~t was accomPlished b~ comParins Plots and Printouts o~ all relevant tracks. 
	A~ter all of the aircraft involved in an encounter were discovered and verified bs these correlation efforts, actual CPA and Predicted CPA data were calculated. The actual CPA is the minimum distance between the subJect and intruder aircraft durins the encounter. The predicted CPA the minimum miss distance which was ProJected bs th~ automatic advisors service tracker function durins an encounte1·. 
	55 
	/ 
	DAIA BASE CONSIRUCIION. 
	In this section the data base structure is described. The data were entered and validated in the data base and software was develoPed tc allow retrieval cf the data for data reduction and analssis. 
	DAIA BASE SIRUCIURE. The data base is comprised of fou1· distinct files: biosraPhical filev Sround school exam file' flisht data file, and text file. These files were all linked bY subJect Pilot cede numbers. The data cf the flieht data file and the text file were chronclceicalls ordered, The basic record cf the flisht data file was the information fer d~rived from the followins six sources: 
	an individual encounter which was 

	c Form 1 Preflisht exam c Form 2 Flisht los 
	o Form 3 Flisht debriefins c Form 4 Encounter los c Form 5 Encounter debriefins c Form 6 SYstem extraction data taPes 
	All the encounters cf a sinsle flisht have the same data in the first three forms. The data fermat of each file is briefls described as fellows. 
	56 
	Bio~£aebical Eile. Th~ biosraPhical file contained the e~ch ~ard. 
	backsround data for all 12 subJect Pilots. The data for 
	Pilot were coded in a sinsle 80-column 

	E~am Eile. The around school exam file contained the scores of each of the two exams taken bs each of the 12 subJect Pilots. One score is missinS because one Pilot missed the second exam. 
	G£ouod School 

	EliSbi Daia Eile·. The flisht data file contained the data for all 424 flisht encounters •. Each encounter had six forms. The first five forms of the manual flisht data were tweMt~-four 72-column lines. The ssstem data for each encounter had variable lensth and contained the CP0 information (predicted CPA, and actual vertical CPA)y followed bs a block of surveillance and automatic advisors service data durir1S the entire encounter. 
	coded in a fixed lensth data block containins 

	Ie~i Eile. The text file contain6d all the Pilot comments made at the end of each flisht. These comments were classified into 21 distinct statements, and the statement numbers were used to code the comments in the data base. 
	After the data were entered, the data base was validated. 
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	SUMMAR.'l. 
	The test execution and dat.a col F' POV i dt::•i.:J comPrehensive data base. The entire data colle~tion effort is summarized in Fi~ure 3. The bio~raPhical :i. nfo rmat. ion=' ~round £chool exams, and manual fli~ht data were coded and fli~.=.iht dat<:l extraction taPes were Processed to Produce flisht Path Plots and Position listinss, from which the aircr~ft involved in the encounter were identified and confirmed bs correlation with the man0al fli~ht data, then the Pelevant ssstem data were extracted and ent
	lf-1ct:i.on 
	entered into the data base. 

	!)El 
	a~D A~ALYSIS 
	DAIA frEDUCIION 

	Ii'.HEi:ODUCIIO~. 
	.

	The data anal~sis is divided into five maJor sections. 
	o DePendence of Data on Test Conditions 
	o Pilot Utilit~-Assess~ent of the Advisor~ Service 
	o Pilot AccePtance of the Advisor~ Service 
	o Use of the Advisor~ S~rvice 
	o Characteristics of the Trainins Prosram 
	The first section addresses whether or not. the data are sisnificantl~ affected b~ either the test desisn Parameters' or those factors outside of strict control. 
	The second section examines the Pilots' r' a t: :i. n ~.=!. ~:; u ·r· t h f:·) 
	utilit~ of the disPla~ed infbrmationY and t.h(:,):i. r-comnri-:·•nt·::; 
	resardins the information level of the s~stem. Parti~ular 
	attention is devoted to rankine of the 
	effect of the number of exPeriences with the automatic 
	advisor~ service in stabilizins those rankinss. 
	The third section examines evidence of Pilot satisfaction 
	PC)st-·fl:i.~lht debr'i€·)fin~l and thr.~ t?ncountr.,•r· dE~br·:i.f:~firr~~i. Dvt:)rall ratinss of the advisor~ service and of the disPlas, a l CHI~:.i with indices of satisfaction cbnstructed from Post-encountel' c~uestions' are used to determine the level of satisfaction and the wa~s in which that level is influenced bs increasins 
	exPerience with the s~stemv and b~ the different t~Pes of encounters which occur. 
	In the fourth section Pilot behavior and ~erform~nce are discussed. Data on visual acauisition are examined with t~Pe and the level of exPerience with the service. Pilot maneuvers are examined with respect to the different levels of comPliance with the Resolution Advisor~ Service <RAS)v Predicted riskv encounter t~PeY exPerience~ and the Performance in maximizin~ the seParation between aircraft. 
	respect to encounter 
	level of 

	The last section Provides an anal~sis of the methods used to s~stem. Exams are used to assess the relative effects of a self-studs manual, a ~round 
	train the Pilots in the use of the 

	. '
	trainin~ session,. and knowledse ~a1nea from actual fli~ht exPerience with the ssstem. 
	school 

	60 
	DEeE~DENCE OE DQIQ ON IESI CONDIIIONS. 
	anal~sis sectionv Pilot's Slobal ratinss of 
	Within the data 

	advisor~ service. In addition, a combined index of Pilot satisfaction is constructed usine a weishted sum of resPonses to encriunter debriefins ouestions and the two slobal ratinss. In u~:; :i. n1:.~ information from these data to form conclusions~ it is imPortant to determine the desree to which the data are b~ the test conditions. 
	of Pilot satisfaction with the automatic 
	influenced 

	The test conditions considered were the factors built into df.~s;i sn c:>f the~~ tc~!!:; t P Y'C)!i.l'l'am ( thf.~ :i. nd :i. v :i. dua1 f 1 :i. !.=.Hd. 
	the 

	flown' and the distribution of mornins/afternoon flishts), and those that were outside of strict control (cloud C.' f.~ i 1 i n:<:.t, r·anSE.' of vi!:; :i. b i 1 i t·::l v and t\:IF··~:! o·f· c 1 oud cove~! r) ,. Th (:·• 
	two r·atin!'.l!:;' thf;) COITtb i nE•d :i.ndf:-!i·: (Jf F· :i.]. i.:Jt. satisfaction, and five ouestions from the flisht debriefin~ (ouestion numbers 3v 20v 21v 23, and 24) were tested asainst these conditions usinS trend anal~sis, anal~ses 6f variance' t-tests, and ~ontinsenc~ tables. 
	There were three Possible dePendencies seen in the anal~sis; 
	1. the slobal ratins of the disPlaY showed a siSnificant desree of variation with flisht Pattern seouence, 
	confidence in the resolution advisories Couestion 23 of the 
	fli•ht debriefin~) when the cloud ceilin~ was lower' and 3. both the slobal ratinss and the comb:i. nrad of satisfaction showed a tendencs to increase as the sks became more overcast. The latter two tendencies were aPParent uPon insPection of the data, I:Jut. not ~:; t.at. :i. s t i c:a 11•::1 sienificant below the 10 Percent level. On the other hand, the variation in slobal disPlas ratin~ Pattern semuencef while statisticalls sienificant <F= 4.65; P< 0.05), is more likels to reflect differences between the
	f?vent. 
	This eeneral lack of sienificant dePendencies indicates that 
	~:;c:-~• ..1a 1'f.·~) successful in eliminatins ssstematic data dePendenciesv and the meteoroloeical limitations imPosed on the flishts were sufficient to avoid maJor random dePendencies. 
	counter-balanc:ine ( lat:i.n 

	In addition, all of the encounters were subJect to the followinS three constraints: m<:~neuvt:~ r· :i. n~.=.{ f.~ncoun t.c·2 T'~;;. t.·Jf! J·c·:! 
	r·atc-:.> or· 

	flDwn. 
	2. 
	2. 
	2. 
	ND Planned multiPle aircraft encounters were flown (32 unPlanned multiPles occured). 

	3. 
	3. 
	The intruder aircraft were not emuiPPed with. the autDmatic advisDrs service. 


	The test constraints not been in effect. 
	ASSESSME~I OE IHE ADVISORY SERVICE. 
	eiLOI UIILIIY 

	.. 
	I~IRODUCIIO~. In the course of the Post-flisht debriefinss, the subJect Pilots rated the utilit~ of 11 distinct features of the disPla~. All ratinss were made en a ten-point scale' ransins from the lowest ratins of 0 to the hishest value of 
	9. Pilots' ratinss of the disPla~ed data were examined to determine what information was used b~ them to manage midair encounters durinS the fliSht test Prosram. The anal~sis is divided into the followins four subsections. 
	o 
	o 
	o 
	Rankins of Pilots' Ratinss of DisPla~ed Data 

	o 
	o 
	Variabilit~ of the Ratinss 

	o 
	o 
	Stabilit~ of DisPla~ed Data Rankinss with Fllsht Numbet· 


	o Information Level In the first subsection the disPla~ed data are ranked i11 order· of thf~' i r· avc;.n·a!.:H:~ y·at :i. n~:! b~ th(:·~ F' :i.lot~:;. Th i ,; -.·ard,:..i. n!'.i Provides an assessment of the relative worth of the var·ious information comPonents of the disPla~. 
	In the second subsection an anal~sis of variance is Performed to determine the maJor sources of variabilils lri 
	ratin£!!:;. Thf~' fact(JJ'·::; "P:i.lot!'" "Fl:i.~:.lht NuJn!.)f:!r'" "DisPl.a~ed Data,• and the two-factor interactions between these are examined. 
	r·ankE-~d for· f.~Vf.-)r\:l fl:i.~.~ht numbf:)J' in_ or·d<~)r to .-:.!Ptf·•rm:i.r·il':·• hut--• much experience 1s necessarhl to stabilize Pilot OPinion of 
	64 
	the relative value of disPlawed data. 
	In the last subsection the answers to two CHJes·t i ens' solicitin~ essentiallw the same information' are used to determine whether the level of disPlawed information was insufficient or suPerfluous. Also' Pilots' resPonses to (;!IJ!:o'S t :i. on fpr sus~estions are examined to determine t,.Jhich ~~·Pf?Ci f:i.c features of the disPlaw thes did or did not like. 
	the •open-ended• 

	c:·
	6 

	'·' 
	RA~KING OE eiLOIS' ~AIINGS OE DISeLAYED DAIA. Qu~stions 6 
	throush 16 on the Post-flisht debriefing asked the Pilots to 
	"Rate C0-9) each comPonent of the traffic advisor~ service in terms of how useful it is to sou in manasirlS an encounter situation?" It was exPlained to the Pilots that 9 was the hiShest ratins and 0 was the lowest. Table 6 shows the means of the ratinss for each of the disPlased data over all test flishts, with the disPla~ed data listed in the order of their mean rated Preference. 
	IABLE 6 -RANKING OE ADUISORY SERUICE DISCLAYED DAIA 
	NUMBER OF DATA MISSING MEAN DISeLAYED DAIA eOINIS DAIA RAIING 
	~
	Relative Altitude 72 0 8 
	• 

	J 
	~
	Basic Traffic Position<"+" s~mbol> 72 0 I .5 Relative Motion line 72 0 7. 1 Ranse Rins 0 7.0 
	n
	Point of Closest APProach 72 0 6 y J Resolution Command 72 0 6 .B Vertical SPeed 64 8 6 .4 Traffic Course Track 72 0 6. 4 
	~
	(•~· S~mbol) 43 29 J 0 8 
	Out-of-Ranse Traffic 

	~ 
	~
	Turn Status 70 ~ J 3
	0 
	~
	Own Aircraft Course Track 0 1
	J 0 
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	It is aPParent from the~e ratin~s that the most PoPular disPla~ed data are those that ~ive basic :i. nf<J Y'IYI.::l t i Clt"i resardin~ the Position and relative mCJtion of the intruder. ratin~ of Vertical Speed information mas have been different if vertical rate encounters had been Part Df the test, however' all encounters flown were essentialls in the horizontal Plane. The ratin~ of the Out-of-Ranse Traffic data was omitted from most of the statistical analsses described below because of its larse number
	The 
	it 

	UQ~IQBILIIY OE IHE ~AIINGS. The raw ratinss of the remainins disPla~ed data (after the omission of Out-of-Ranse Traffic data) t-Jf.-) r·<~) Put throu~;ih a r<~)P~~)atf?d ..··m<-:~a ~:>•..t T'f:·.>:::. ana1'::n:; :i. s of variance. Since onl~ 10 of the 720 Possible scores weT'e missin~!, usual strictures resardins imbalance in ma~ be waived. Because the score samPle involves ratinss of 10 disPla~ed data~ made b~ 12 Pilots, over 6 flishts Per Pilot, the Primars sources of variabilit~ examined are "DisPla~ed D
	10 
	rePeated-measures desisns 

	P T' :i.ma T'\:1 factor·~==· <:1nd tt-Jo·-·fact.o r· interactions account for t.h(·:.' va "i' :i. ab:i.l :i. "1:.!:1 in the ratinss, the remainins 25 Percent beins attributible to residual error resultins from unidentified sources. 1 a\~Dut Df the anal~sis is modePatel~ complex' it 
	summar~ table. 7 Sives the values Df mean-s~uared errDr resultins frDm each factDr' the F-ratiD describins the sisnificance Df each factor, and the P-value describins the PrDbabilits of the result Dccurrins b~ chance. Since variance resultins from the interaction of a s~stematic factor and a ranclon, factor· is itself randDm' the sDurces of variance involvins the factor "Pilot• are all con~idered randDm • 
	cDnvenient to Present the results in a 

	-
	. 
	DIS£L~YED DAIA RAIINGS 
	!ABLE 2 -SOURCES OE UaRIABILIIt IN 

	SOURCE O'E UARIANCE DE E G:AIIO P-VALUE SIGNIEICANI 
	DISPLAYED DATA (8) 9 70.62 6.86 <O.OOO:I. YES :~. :~6 0.91 0.50 NO PILOT <R) l1 64.69 3:~ + 35 <0.0001 YES DATA*FLIGHT <S> 4 ·=· :1.• 97 i.(H (). 4~::; NO
	FLIGHT NUMBER <S> 

	'·' 
	99 10.:30 ~:;.:H <O.OOOl YES 
	1!!"1::­
	...I,..J :3.71 :1. + 91 <0.0002 )'ES RESIDUAL ERROR (R) 48:::; 1.94 
	PILOT*FLIGHT <R> 

	DF= Desrees of freedom F= F distribution P~== P robab :i.l it~,~ <S) ··· f.l\:1s tem<.=d, i c (f<) •.. r<andom 
	The estimated mean-souare for "Pilot" is hish, as would be 
	-
	exPected from a trul~ random samPle. The mean-souared error Pilot*Data• is lar~e indicatin~ a sisnificant desree of variation amons the Pilots in the ratins order of their disPla~ed data, which in turn contributes to the estimated mean-souare of the factor "DisPlawed Data.• When tested asainst "Pilot*Data,• however, "DisPla~ed Data" is hi!.'Jhl~:l reliable statisticallw <F= 6.86; DF= 9,99; P<0.0001). This •DisPla~ed P~la" :i. nr.l :i. ca"LI'·)~;; that Pilots a T'f:O' ransin~ and variable discriminations in 
	for 
	8 
	Preferences for the individual 
	the variabilitw unioue to 
	hish variabilitw attributable to 

	comPonents for "Pilot,• 
	<all of which are sisnificant)r the main effect of "DisPla~ed Data• i~ the onl~ s~stematic variation in these data. 
	The absence of an~ main effect of uFlisht Numbe~,· or of the 
	•nata*Flisht,• is more interestins. The failure "DisPla~ed Data• to interact with "Fli!'.tht. r· • indicates that the Preference Profiles are consistent across "Flisht Number.• There is no evidence of an~ consistent tendenc~ for data that were initial!~. rated hiShl~ to 
	of 
	NuiJ•C.lE) 

	decrease in ratins dramaticall~, or for initiall~ unPoPular data to advance sreatl~ in ratine as exPerience increases. Fisure 6 Presents the mean ratinss for the datar averaeed over successive blocks of two flishts, and shows that no disPla~ed data Sained or lost more than one ratinS Point. 
	The lack of interaction between •nisPla~ed Data" and "Flieht 
	a also shows that an observed absence of an~ trend in the combined means of all 11 disPla~ed data bf.~ 1 i f:)Vab 1 e. The combi hE)d Ill<·:·) an~:; c>f a 11 1 :1. r-at in~:.{~;; fo Y' thf.·) ~:; :i. ;-: fl:i.sht numbf:)T'r:; aJ'f.·)' in OJ'df:)T': 6.4, 6.6, 6.~iv ?.o, 6.!".i, and 6.b. 
	Number 

	"70 
	KEY (BLOCKS OF TWO FLIGHT NUMBERS) 
	Mean Ra~ing 9r-----~--------~------------------------------------~
	Flight Numbers 
	1 &2 
	[777] 
	8 
	Flight Numbers 
	3 &4 
	[~----] 7 
	Flight Numbers 
	5 &6 
	6 

	f/0'/A 
	00
	c:: 
	5

	•.-l 
	.j..l 1-' 
	~ 

	-...j 
	a. 
	a. 
	a. 
	Own Aircraft Course Track c:: 

	b. 
	b. 
	Turn Status 4 
	~ 



	~ 
	c. 
	c. 
	c. 
	Point of Closest Approach 

	d. 
	d. 
	Range Ring 

	e. 
	e. 
	Relative Motion Line 


	3
	f. 
	f. 
	f. 
	Resolution Command 

	g. 
	g. 
	Traffic Course Track 

	h. 
	h. 
	Vertical Speed 

	i. 
	i. 
	Basic Traffic Symbol (+) 2 

	j. 
	j. 
	Relative Altitude 


	1 
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	a b c d e f g h i j FIGURE 6 -RATINGS OF DISPLAYED DATA 
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	-
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	-

	SI~BILIIY OE DISeL~YED D~I~ R~~Kl~GS WII~ ELIG~I ~UMBER. The 
	stabilit~ of the ratins Profiles was examined b~ convertins the mean ratinss for each flisht number to ranks. Table 8 exhibits the rankinss for the six flisht numbers. 
	I~BLE 8 -R~~KI~G DE DISf~L~YEII n~r~ BY EL!G~I tJUMBEB 
	ELIG~I NUMBER 
	'")
	DAIA 1 ... 3 :1 5 6 SUM 
	II!Sf~LAY.ED 

	Relative A1 t i ·t,I.JdE-:~ :L 0 l.O l.() :1. () l.O 1.0 60 Basic Tt·affic Pos:i ti<Jn ::) •5* 9 9 9 9 9 !:'iO. !5 t~elative Motion l... inf.~ a ~.) (o ~) 4 7 8 a 40.~5 Ranse Rins 3 ~). 5 8 8 7 7 3B. :'.'i 
	1::·
	-

	Resolution Command 9 8 6 4 ,J ~=.:i 37 
	~.,
	Close~;t AI~PT'oach I 7 3 6 6 6 3~) 
	Point of 

	.-).... r:
	Tr·affic Course TT·ack !7i (o !:5 4 7 :3 4 4 "·· / + ,J •::·
	Vertical. SPeed 4 :3 ~.i' ••J 3 ::~ 2~5 ..... 
	'")
	T•.IT'n Status 1. :~ :1. ..;:. ,:.. ::.~ :LO 
	'")
	CouT'!!><~ lT'ack ,.·.. :1. ~~ 1. :1. 1. B 
	Own A i rc y•aft 

	The value~ 5. ~=; indicatt-~~:; i:) tj,f.:>. ~:=il anc.e ac T'C)s~; the top t·ows of Tabl. €·~ 8 =>hows t,hat the 
	* 
	A 

	·
	-

	disPl.a~ed data that Pilots consistent].~ found most useful Pertain to basic information resardins the. location and r•elativ~? . m!Jticln of :i. ntr·ud~? ,.•. An i nt!~~ Y'f? ~:; t. :i. n ~:.i characteristic of these data is the decline in the rel~tive rankins of the RAS feature' "Resolution Commandr" which hiShl~ ranked data and 72 
	started out as one of the most 

	steadil~ fell to fifth Place in the rankins. Most of the 
	-

	-------------------------~~ 
	data. 
	INEORMAIION LEUEL. On~ ot the most strikins results of the maJorit~ of resPonses to a Particular ~uestion which was, :i. n f:!fft:'!ct ¥ an~ additional traffic advisor~ information be useful to ~ou in decidins what or what not to do?" 86 Percent of the resPonses were 
	Post-·fl :i.Sht debT' i E!f in!!.{ was the loP-sided 
	asked twice. When Pilots were asked •would 

	-
	NO. The r·e was ?PPaT'f?nt P bu1~ not st<:lt,:i !:> t,:i ca11 \:~ sisnificant, tendenc~ for answers to become less s~stem. 
	nesat:i.ve 
	Prevalent as the Pilots sained exPerience with the 

	,,.... 
	~uestion was Put in the form: unnecessar~ information disPla~ed?" the overall resPonse was constant at 72 Percent YES (see F i !i.!U T'C:~ without 
	When the 

	-
	unnecessar~ elements. The bottom rows of Table 8 Provide some Suidance as to what information is seen b~ the subJect Pilots as unneeded. 
	specification as to the 

	In order to determine what features the Pilots sPecificall~ did not like' the fre~uencies of the resPonses to ~uest1on 27 of the flisht debriefins cucan ~ou sussest an~ mods or imProvements in the disPla~?·> were examined. The subJect Pilots answered this ~uestion in text form' and the comments were extracted and classified into 21 distinct statements. The fre~uencies of the comments are siv~n in Table 9. 
	74 
	•j•l 
	. QUESTION 5: QUESTION 4: 
	WAS TllliRE UNNECESSARY INFORMATION DISFLAYED? WOULD ANY ADDITIONAL TRAFFIC AbVISORY INFORMATION BE USEFUL TO YOU IN DECIDING WHAT OR WHAT NOT TO DO? 
	...-. 
	t:O 28% X X .~ l~ 
	~
	-


	~ 
	NO BSX ..... 
	~ 
	V1 
	~ 

	,. ..?!J 
	l' 
	~ YES 14%
	:10 

	)(' ?<.. 
	~ 
	~)(J' 
	PILOT OPINION ON INFORMATION LEVEL FIGURE 7 
	TABLE 9 -FREQUENCY OF PILOT COMMENTS 
	Number of 
	Fli•hts Number of 
	Comment Pilots Who 
	COMMENTS Was Made Mad~ Comment 
	~
	' 

	01 REMOVE THE TIC MARKS 3 
	02 REDUCE THE INTRUDER SYMBOL TO THE BASIC "t" 21 10 03 SOMETIMES THERE IS TOO MUCH CLUTTER 16 10 
	~
	04 MOVE THE SCREEN CLOSER TO THE PILOT 8 ~ 
	~
	05 ENLARGE THE SCREEN 4 ~ 06 MAKE THE SCREEN SUNLIGHT READABLE 10 7 
	~ ~
	~ 6 
	07 THE THREAT SHOULD BE RED 
	08 THERE SHOULD BE AN AUDIO SIGNAL TO ALERT THE PILOT OF A PROX 12 
	~ 

	~
	09 THE "X" AT THE END OF THE POINT OF CLOSEST APPROACH 2 
	10 I RECIEVED A LATE ADVISORY THIS FLIGHT 1 1 11 THERE IS TOO MUCH INFORMATION IN TOO SMALL OF AN AREA 2 
	SHOULD BE A DIFFERENT SYMBOL 
	~ 

	~ 12 THE "+" "-" TO DENOTE VERTICAL DIRECTION WAS GOOD 2 
	~ 
	~ 

	7
	13 THE ADVISORY AREA SHOULD BE INCREASED 3 
	~ 

	14 THERE WAS A LOT OF OVERLAPPING 4 3 
	~ 

	l. ~S THE OUT·-·DF··-f;:ANGE SYMBOL NEEDt) TCJ BE USED FlORE OFTEN 1 1 16 A TIME FILTER ON TAIL CHASES WOULD HELP ALOT 1 1 17 I RECIEVED A BAD COMMAND THIS FLIGHT 4 3 18 I WOULD LIKE TD SEE ATARS OPERATE IN A BUSY AREA 2 2 19 THERE SMOULD BE A COUNT DCJWN TO TIME CJF CLCJSEST APPROACH 4 3 
	~
	~ 1 1~ 10 
	20 THE THREAT SHOULD BE FLASHING 
	21 NO CCJMMENTS 

	...... 
	0'\ 
	Some of the fisures in the column "Number of Flishts Comment was Made• maY seem artificiallY hiSh due to individual Pilots rePeatins a sinsle comment on a number of flishts, therefore a second column •Number of Pilots who Made Comment• was included. 
	LookinS at the comments that were made bY more than three Pilots narrows down the list to five maJor items (comment numbers 02, 03, 04, 06, and 08). Most of the Pilots (83 Percent) made nesative comments concernins the information e~uiPaSe of the intruder aircraft which ausmented the basic traffic sYmbol (a "+"> and the
	resardins control and 


	-
	-
	•clutter• associated with the encounters that were close 
	·
	-

	enoush for the sYmbols to overlaP. Additionally, 50 Percent 
	of the Pilots indicated that there should be an audible 
	sisnal of some kind tel al.f.)rt thf.? Pilot of a PT'o:dmatf? 
	advi~sory. 
	Other comments were directed toward Problems in readins the disPlaY in direct sunlisht and the Position of the disPlaY. Comment number 17, "I received a bad command ••• ,• was examined seParatelY. It was found that in 3 of the 4 cases• · the resolution advisorY Provided to the Pilot was safe and aPProPriate, but the subJect Pilot was not satisfied. The fourth comment was in response to a bad command caused bY a three aircraft encounter. Since the RAS used in these tests was not desiSned to handle multiPle a
	77 
	statistical!~ sisnificant imPact on results bw these 4 cases was ot:1se r·ved. 
	SUMMAF.n:. In the course of the Post-flisht debriefinSsr the subJect Pilots rated the utilit~ of 11 kinds of disPlased data. All ratinss were made on a ten-Point scale, ransins from the lbwest ratins of 0 to the hishest value of 9. disPla~ed data were examined to determine what information thew found us~ful :i. n mana~j ins midair encounters duri~~ the flisht test Prosram. The anal~sis was divided into four main subsections. 
	Pilots' ratinss of the 

	o DisPla~ed Data 
	Rankins of Pilots' Ratinss of 

	o 
	o 
	o 
	Variabilits of the Ratinss 

	o 
	o 
	Stabilits of DisPlawed Data Rankinss with Flisht Nun.ber· 


	o Information Level ~:;ubsc;,•ct :i. on~• t.h\~) 
	The fi r·st 

	variabilit~, and time-stabilit~ of the ratinss. The seneral results are that the subJect Pilots showed the most aPPreciation for the basic elements of the TAS which sive information about the Position and relative motion of the intruder. The RAS was initial!~ one of the most hishl~ ranked features but declined steadils to fifth Place in the Post-hoc rankins b~ the fifth flisht exPerience, indicatins a distinct Preference for the TAS features over the RAS. Differences between the disPlased data and those bet
	lB 
	variabilit~ in the ratin~s. The Preference Profiles for the 
	disPla~ed data were basicall~ indePendent of the level of exPerience with the advisorw service. Althoush the rankinss showed sam• chanse throush time' thew were virtuallw fixed b~ the fourth flisht exPerience. This Provides some evidence fli~ht exPeriences with the service is sufficient to stabilize Pilots' workins attitudes toward disPlawed informat,ion. 
	that four 

	U~ins two different QUestion formats, the Pilots were asked about the level of disPlawed information. The overwhelminS maJorit~ of resPonses indicated that too much information disPla~ed and that no crucial information was lackins. ve~tical encounters been included in the test scenarios' the Pilots maw have heeded and wanted more of the disPlawed information. 
	was 
	Had multiPle or 

	Pilots, resPondins to an •open-ended• QUestion askins for sussestions and comments, exPressed a desire for a reduction of the traffic SYmbol to its basic form <a •t•> and for a reduction in the amount of clutter. AdditionallY, 50 Percent of the Pilots indicated that th~re should be an audible si~nal of some kind to alert the Pilot of a Proximate advisorw. 
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	QCCEfiA~CE OE IHE QDUlSORY. SERUICE. 
	eiLOI 

	l~IRODUCIIO~. The deb r i ~'!f :i. nss and the debriefinss that took Place in the cockPit subseouent to each encounter contain information that bears on the central issue of how hishl~ the Pilots resarded the service. The
	-
	anal~ses of these data on satisfaction and accePtance are divided into the followins subsections. 
	o Flisht Debriefins o Encounter Debriefins o Combined Index of Pilot Satisfaction 
	-

	o Encounter T~Pe a~d Satisfaction In the first subsection, slobal ratinss of the disPla~ <e.s. size, lesibilit~, and color; called Rl> and of the automatic advisor~ service <TAS and RAS) as a whole <R2) contained on the flisht debriefins are examined to determine the level of satisfaction after each flisht. Differences between these two slobal ratinss and their dePendence on the number of flishts with the advisor~ service are examined. 
	-

	In the second subsection' resPonses to four Guestions from 
	-
	the encounter debriefins are added for each encounter in a Particular flisht and averased over all of the encounters in that flisht to create an index of satisfaction <Sl) that is based on encounter debriefinss. The characteristics of this index are examined with resPect to level of resPonse and the waw in which that level chanses with the number of 
	8() 
	In the third subsection a combined index of Pilot satisfaction CS2> is formed from both the ~lobal ratin~s R1 and R2, and the encounter-based satisfaction index Sl. The S2 index is analYzed as a function of level of exPerience with the advisory service, and is also comPared with the 
	-
	Prefli~ht exaa scores to identifY to what de~ree anY chanse is attributable to increasin~ familiaritY with the system. 
	-

	In the fourth subsection, responses to the four Guestions 
	-

	that were used to construct Sl are averased over individual 
	-
	encounters to construct a ()f satisfaction (83). This Si index is examined as a function of encounter tYPe <Head-on <HO), Lateral encounter <LE>' and 
	-
	Tail-chase <TC>> to determine whether or not the Position of the intruder relative to the subJect aircraft influences the Pilot's satisfaction with the advisorY service. 
	-

	81 
	ELIGHI DEBEi:IEEib!G. The Post--flight deb riefings .-s~;ked for' disPla~ (~uestion 25> and of the advisor~ 
	ratings of the 

	-
	service as a whole (Guestion 26). Over the 72 test flishts both slobal ratinss, (called R1 and R2 resPective!~), ransed from a minimum of 3 to a maximum of 9. The averase ratinss for both were Guite hish: the srand mean for R1 was 7.06, with a standard error of 0.17, and for R2 these statistics were ?.?2 and 0.14. For ease of Presentation' the time-course of these Slobal ratinss is siven in Table 10 broken down b~ blocks of two successive flisht numbers. Each of these means is based on 24 observations' henc
	-
	·-

	somewhat more stable than the means for individual flishts. 
	-
	I~BLE 10 -ME~b! GLOB~L R~IIb!GS OE IHE SERUICE ~biD IHE DISeL~Y 
	-
	BLOCKS DE IWO SUCCESSIUE ELIGHI b!UMBERS 
	-
	FIRST MIDDLE LAST ALL 6 
	,~, 
	DISPLAY <R1> 6.6? "7.08 ?.42 "7. ()6 SERVICE <R2> ?.29 "7.83 8.04 7."72
	-
	All of the above means are !:>atisfactori 1~ hish ·and the tendenc~ of both sets of means to increase is statistical!~ 
	-

	-
	anal~sis of variance of these data ~ielded a residual mean-s~uare for error of 0.52, on 55 DF •. The difference between the srand mean for R1 and that 
	reliable. A repeated-measures 
	-

	-
	hishl~ sisnificant statistical!~ <F= 9.6; DF= 1,11~ P= 0.01). The uPtrend for statistical!~ 82 
	for R2, thoush slight in magnitude, was 
	both ratings across the six flishts was also 

	sisnificant <F= 2.9U DF== 5,55; P= 0.02>. The inter·action betwe~n t~Pe of ratins and flisht number did not aPProach statistical sisnificance <F < 1), indicatins that the.srowth cu~ves as a function of flisht number were essentiallY Parallel for the two ratinss. The observed trend in means averased over both ratinss was monotonic as shown in Table 11, indicatins that satisfaction with both aspects of the swstem increased constantlw. 
	TABLE 11 -AVERAGE MEANS FOR GLOBAL RATINGS AS A FUNCTION OF FLIGHT NUMBER 
	1 2 3 6 <FU+R2>12 6.75 7.21 7.33 7.58 7.71 7.75 
	83 
	E~COU~IER DEBRIEEI~G. Data obtained from the debriefins that 
	cccurr·ed afteT' <-:·)nc<Junte r contain addi ticn<3l information bearins uPon Pilot satisfaction. In constructins an encounter-based index of satisfaction, <called 81), the 
	I 
	followins four Guestions were seen as most relevant. 
	Question 5 Did the disPla~ lisht uP in time? ChJestion 6 [I i d th€~ thT'e<:1t <:~dvi soT'!:l occuT' tDCl eaJ' 1\:1 <J T' teo late? ~:IOI.J find [the TA8 and RA8J useful in avc:lidins tr·affic? 
	Question 7 Did 

	~(JU r·ather· havf? the~ C:TA8 and HA8J atdvisDT'ies OJ' t r·aff:i. (~ cDntPoller advi soT' :i. f?~;? Both!' 
	Question 1!5 Would 

	These four GuestiDns wepe chosen on the basis Df their content validit~. In Particular, an answer to an~ Df them that denoted disfavDr toward the service would Point to some senuine Problem. The Possible answers "Nor the disPlas was tard~ in aPPearins,a or "Nov th• service was no helP at all," Provide amPle OPPurtunit~ tD ventilate dissatiifaction with thf? !:;~stem. 
	The 81 index was constructed usins a weishted sum of resPonses to the four muestions. Table 12 shows the weishtins used • 
	-
	. 
	B4 
	TABLE 12 -WEIGHTING OF THE ENCOUNTER-BASED INDEX OF SATISFACTION, S1 
	QUESIIO~ ~UMBER RESeO~SE WEIGHII~G 
	S~IISE~CIORY= 2 U~S~IISEACIOSY= -1 
	5 Yes= 2 No= -1 
	6 OK= 2 Late/Earl~= -1 
	7 Yes= 2 No= -1 
	15 The service or Both=.2 ATC alone= -1 
	For each encounter' these values were summed across the four avera~ed over the encounters durin~ the fli~ht, and that avera~e was stored fli~ht record as variable Sl. 
	auestions. The sum was then 
	that occurred 
	in each 

	Before Presentin~ summar~ data on s1, it mi~ht be well to concretel~ what the discrete values of constituent sums represent. Table 13 shows the mea~inss of (disre~ardin~ the rare missin~ value). 
	exhibit 
	the total •score• for an encounter 

	TABLE 13 -MEANINGS OF THE SUMS OF THE ENCOUNTER DEBRIEFING QUESTIONS 
	MEA~lNG 
	SCORE 

	8 All four satisfactorwv no unsatisfactorw 5 Three satisfactorw' one unsatisfactorw 
	Two satisfactorw' two unsatisfactorw -1 One satisfactorw' three unsatisfactorw -4 All four unsatisfactorw 
	Table 14 Presents summarw statistics for S1. 
	E~COUNIEE-BASED SAilSEACilO~, Sl 
	IABLE lA -SUMMARY SIAilSilCS EOE IHE 
	INDEX OE 

	~ Ml~ MAX MEA~ SID EBB 1 12 1.7 8 5.55 0.58 
	ELlGHI 

	~ 
	~ 
	12 3.2 8 6.06 0.45 3 12 2.8 8 6.11 0.47 4 12 5.6 8 7.32 0.24 5 12 5.8 8 7.32 0.24 6 12 5.3 8 7.08 0.26 
	Table 14 exhibits characteristics that are common to these data and the mean slobal ratinSs in Table 10 <R1 and R2). As beforev there is an uPtrend across flisht numbers, which flattens out around the fourth flisht. This Pro0ides more evidence that four flishts is sufficient to stabilize Pilot oPinion of the advisorw service. 
	86 
	A Slance at the maxima and minima reveals another common Primaril~ reactions~ On the first flisht, the individual who is least enamored of the advisor~ unsatisfactor~ B~ the fourth flisht no Pilot averases as much as one unsatisfactorY resPonse Per encounter <all scores exceed 5). Thus the seneral uPtrend see~ consists PrimarilY of the truncation of the lower tail of the distribution of responses' as numbers~ the maximal observed score is the hiShest attainable, and the distributions Per flisht number tend 
	characteristic: the imProvement over time stems 
	from the elimination of unfavorable 
	service emits an averase of Just over two 
	resPonses Per encounter <score of +1.7). 
	dissatisfactions are eliminated. On all flisht 

	87 
	S~IISE~CIIO~. A combined index of Pilot satisfaction <called 82) was fo~med from s scaled sum of the ~lobal rstina of the disPlaw R1v the ~lobal rstina of advisor~ service R2, and the satisfaction index based on the encounter debriefing 81. The R2 indexv owins to its smaller variabilitw and the nature of its conterit¥. received wei~ht of 2. The S2 index has been scaled to a ceilin~ of 
	COMBINED INDEX OE eiLOI 
	the 
	a 

	100. Table 15 exhibits the descriPtive statistics for this 
	I~BLE 15 -· SUMM~E.n: SI~IISIICS EOEi: II::IE COMBINED 
	INDEX OE E:ILOI S~IISEl!ICIION, S">.:.. 
	M~X ME~N SIII EEi:Ei: 
	ELIGI::II N MIN 

	")
	,,. 

	1 12 :33 98 75.1 ,.J + ,A,._ 2 12 4'7 99 79.5 4.1 3 12 65 99 81.5 2.7 4 12 69 100 86.8 2.6 5 1.2 76 99 87.2 2.0 6 l2 66 10() 87.5 2.9 
	statistical!!:~ reliable I.JPt T'f.~nr.J is seen <F= 4.42; DF= 5v55; P= ().002), which reaches an as~mPtote of around 87 Percent at the fourth fliaht number, 
	As befor·e, a consistent and 

	imPl~in~ that Pilot oPinion has stabilized bY the fourth fli~ht exPerience with the advisorw service. 
	~how a similar uPtrend which can be attributed to increasina familiarization with 
	The results from the Prefliaht exam 

	88 
	the advisor~ service. Table 16 shows means for each fli~ht 
	number with a maximum attainable score of 18. 
	I~BLE 16 -ME~~ SCORES OE 2REEL~GHI EX~M E~CH ELIGHI ~UMBER 
	EOR 

	~UMBER 1 2 3 5 6 15.8 16.7 17.1 17.2 17.1 
	ELIGHI 

	Obvious}~, no ~reat interPretive wei~ht can be Placed uPon a trend such as this which' althou~h statisticallY reliable <F= 2.54~ DF= 5,54; P< 0.05), shows such a limited. dYnamic ran~e. The UPPer iimit, about 17 <a~ain, reached b~ flisht number 4), reflects less than one error Per fli~ht in the nine aspects of the advisorY sevice which the exam exPlores. sli~ht Pro~ress seen in these mean scores ProbablY stems solei~ from the elimination of the few Pilot errors that were seen initial!~. The P~arson Product-
	The 
	the 

	89 
	E~COU~IEE: IYeE A~D SAIISEACIION. Of the 424 recorded 
	encounters' 94 were classified as Head-on <HO), 181 as Lateral <LE), and 149 as Tail-chase <TC>~ The responses to the encounter debriefin~ form are now examined as a function of encounter tYPe. The discussion focuses on the four auestions which were the constituents of the encounter-based index of satisfaction 81. 
	down into the three encounter twPes. The column •TOTAL• shows the number of encounters in that encounter twPe for which the auestion was answered. The numbers in the two percenta~es of that total number. Thus, the entries in the first row of si~nifY that answers to Question 5 of the encounter debriefin~ were recorded on a total of 89 HO encounters. Of these 89 answers 13.5 Percent <i.e. 12> were NO, and the remainin~ 86.5 percent were YES. Data in the second and third rows have the same structure for LE and
	columns for the resPonses to the auestion are 
	Table 17 

	90 
	IQBLE 12 -RESE:ONSE IO GUESIIO.N 5 <DISE:LQ~ IIMING > QS Q EUNCIION OE ENCOUNIER IXE:E
	-

	-
	RESEONSE 
	<X OE IOIQL> IXEE NO YES IOIQL HO 13.5 86.5 89 LE 6.6 93.4 169 TC 3.5 96.5 149
	-
	<CHI-SQUARE= 8.54; DF= 2; P< 0.02) 
	-
	IQBLE 
	·-

	-
	IYEE HO LE TC 
	IYEE HO LE TC 
	-

	(QDUISOR~ liMING> E~COUNIER IYEE 
	18 -RESE:ONSE IO GUESIION 6 
	AS Q EUNCIION OE 


	RESE:ONSE (/. OE IOIQL) EARLY/LQIE 
	23.6 14.6 11.3 
	<CHI-SQUARE= 6.34; DF= 2; 
	-
	91 
	I~BLE 12 -RESeONSE IO QUESIION 2 <USEEULNESS OE IHE 
	SERUICE> ~S A EUMCIION DE ENCDUNIER I~eE 
	Ei:ESf~ONSE 
	(% OE IOIAL> 
	IYf~E biO ~ES IOI~L HO 11.4 88.6 88 LE 9.6 90.4 167 TC l.• 4 98.6 l.39 
	<CHI-SQUARE:::: 10.73; IIF::::2; F'< o.o<>~;> 
	IABLE 20 -Ei:ESeONSE IO QUESilON 15 <SERUlCE US. ~IC> AS A EUNCIION OE ENCOUNIER.IYeE 
	I~f:E AIC SERUlCE OR BOIH IOI~L HO 17.4 82.6 86 LE 7.5 92.5 159 TC 1.4 98.6 139 
	<CHI-SQUARE:::: 19.5; DF:=: 2; F'····... o. 0001) 
	The Pearson Chi-sQuared statistic that accomPanies each table tests for the existence of a statistical relationshiP between encounter twPe <HO, LE, or TC> and the distribution of resPonses to the Question. Responses to all four QUestions are sisnificantlw related to encounter twPe. The nature of the relationshiP is evident from insPection of the tables. The freQuencw of resPonses to each QUestion which are unfavorable to the advisorw service is never sreat, but 
	92 
	that freauenc~ l•:> invc:n•iabll:l less for LE than for HO 
	.•.. 

	encounters' and still less for TC than for LE. In terms of t~Pes are consistentlw ranked in the order tail-chase first, lateral s•cond, and head-on third. 
	favorable resPonse, the encounter 

	Since the rankins of encounter t~Pe in each of the four auestions was so consistent, it was decided to combine the four auestions into a sinsle index <called S3) which would reflect satisfaction on a Per-encounter basis. The 83 index was constructed usins a weishted averase of the resPonses to the four auestions. Table 21 shows the weishtinss for the Possible resPonses. 
	I~BLE 21 -WEIGHIIMG OE IHE EER-EMCOUMIER S~IISE~CIIOM, S3 
	IMDEX OE 

	rlUESIIOM MUMBER RESEOMSE WEIGHIING 
	S~IlSE~CIORY.= 3 UMSAIISEACIORY.= -1 
	5 Yes= 3 No= -1 
	6 OK== 3 l... ate/Earll:l•-= -1 
	7 Yes•-= 3 No= -1 
	15 The service or Both= 3 ATC alone= -1 
	These rescorinss were averased over all recorded answers to the four auestions in everw encounter. The resultins averases were multiPlied bw 4, and rounded' to scale all derived scores to ranse from -4 to 12. The obtained scores are interPreted in Table 22. 
	93 
	I~BLE 22 -ME~~I~GS OE IHE U~LUES OE IHE eER-E~COU~IER S~IISE~CIIQN, 83 
	INDEX OE 

	U~LUE ME~NING 
	!'.>factor~ T'esPonses out CJ"P t,h T'C~e OT' fOUl' w..testiont:; 
	No •..tnsat i 

	8 One unsatisfacto T'\:~ rc~!:->PC:)nse out (Jf fcJur c:~Uf.'!f:;tions 
	7 One •..tnsatisfacto T'!-J T'eSF'OnSC~ out CJf th T'f:~e Guest ions 
	4 Two unsat:isf ac:~to r~ ref:>PC:Wt!:>es C:)I..Jt of fw..t r c~•..testiont:; 
	1 Two •.tnsati sfac:~tc:) T'\:1 T't'!1>PC:)nSe!:; out (Jf th T'f~e c:~uest:ic:)ns 
	0 Three unsatisfactor~ resPonses out of four Guestions 
	-4 Four unsatisfactor~ responses out of four auestions 
	The distribution of S3 was extreme!~ skewed. The Prevalence of the maximum Possible score' 12, ranSed from 70 Percent in HO encounters to 89 Percent in TC. Fisure 8 Presents an overview of these data. The caPtion "All DK• in the l.':laT' chart denotes an absence of unsatisfactor~ answers Ci.e. the 
	.....
	l

	value of S3 12). All f.-)COT'f?S les• than 12 have b~en
	-· 
	srouPed into the catesor~ •GRIPES." The aPProval score of advisor~ .service is seen to be stronsl~ dePendent uPon encounter t~Pe. The.mean score of S3 for HO encounters was 9.5, risins to 10.5 fo~ LE, and PeakinS at 11.4 for TC encounters. A conventional anal~sis of variance to test for differences amons these means would 
	the Pilots concernins the 

	in the lisht of the extreme skewness of the data. A Kruskal-Wallis one-wa~ anal~sis of variancev based on ranks' ~ielded an aPProximate Chi-smuared statistic 
	94 
	.. 
	Heed-on Lateral Tail Chaoe Encounter Type 
	FIGURE 8 -PER-ENCOUNTER INDEX OF SATISFACTION, S3 AS A FUNCTION OF ENCOUNTER TYPE 
	The Probabilitw of a statistic this larse.arisins bY chance 
	is less than 0.02. 
	s~tisfaction uPon encounter 
	From the strons dePendence of 

	it can be concluded that the advisorw service is viewed bw the Pilot as beins of most use when the intruder is unseen' as in the case of overtakins traffic. 
	96 
	SUMM~RY. The Post-fli~ht debfiefinss and the debriefinss 
	that took Place in the cockPit subseauent to each encounter contain information that bears on the central issue of how 
	-the Pilots resarded the service. The analwses of these data
	. 
	on satisfaction and acceptance were divided into the followins subsections. 
	o 
	o 
	o 
	Flisht Debriefins 

	o 
	o 
	Encounter Debriefins 

	o 
	o 
	Combined Index of Pilot Satisfaction 


	o Encounter TwPe and Satisfaction In the first subsection, slobal ratinss of the disPlaw <called Rl> and of the advisor~ service a a whole <R2),
	~ 
	-
	were examined to determine the level of satisfaction exPressed after each flisht. In the second subsection, resPonses to four auestions from the encounter debriefins were added for each encounter in a Particular flishtv and averased over all of the encounters in that flisht to create a Per-flisht index of satisfaction (Sl) based UPon encounter Third!~, a combined index of Pilot satisfaction <S2) was formed from both the slobal ratinss R1 and R2 and the encounter-based index of satisfaction Sl. 
	debriefinss. 

	There was a sisnificant Preference shown in the slobal disPla~. Both the Pilot's ratinss and the constructed indices were auite throu~hout all of the flishts, but there was a marked uPtrend which flattened out around the fourth flisht. Correlatins the combined index of Pilot satisfaction with 
	ratinss for the service as a whole over the 
	hish 
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	the data from the Preflisht exam indicates that aPProximate!~ one-third of the increase in Pilot satisfaction is a result of increasins familiarit~ with the 
	s~stem. 
	In the fourth subsection' res~onses to the four encounter debriefins Guestions that were used to construct the Per-flisht index of satisfaction Sl were averased over individual encounters to construct a Per-encounter index of satisfaction (93). When this 83 index was examined as a t~Pe <Head-on <HQ), Lateral encounter <LE), Tail-chase <TC)), it was seen that satisfaction is hishest for the rc, lower for LE, and lowest for HO indicatins that Pilots resard the advisor~ service most hishlhl when the intruder i
	function of encounter 
	that 
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	USE OE I~E ~D~ISORY SERV.ICE. 
	advisor~ servjce b~ lookin~ at how well the advisories aid in visual acauisition' whether or not Pilots follow the RAS, and whether or not comPliance with the RAS increases the anal~ses are divided into followin~ subsections. 
	INIRODUCIION. Utilization of .the automatic 
	can be examined 
	seParation between aircraft. These 
	the 

	o 
	o 
	o 
	Visual Acauisition 

	o 
	o 
	Pilot ResPonse 

	o 
	o 
	Closest Poiht of APProach <CPA> 

	o 
	o 
	Distribution of CPA Data 

	o 
	o 
	S~stem Estimates of 
	Pilot Behavior as a Function of 



	Risk In the first subsection the time between the Pilot's receiPt advisor~ and h1s achievement of visual contact is taken as an index of time td visual acauisition. This index is examined as a function of both the number of exPeriences advisor~ service and the encounter t~pe. Additional anal~sis of visual acauisition in the tail-chase situation advisor~ service <TAS and RAS> ma~ have sPecial value in situations where the intruder is unseen. 
	of a first 
	with the 
	is Presented because the 

	in~ b~ the subJect Pilots. The auestion of whether Pilots differ in their ProPensities to maneuver is addressed and the freauenc~ of maneuvers with resPect to the 
	The second subsection examines statistics concern
	maneuvers made 
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	advisor~ servic~ is examined. 
	number of exPeriences with the 

	The data extraction tapes from the Mode S •rouhd swstem were ~PP~oaeh <CPA) which is the minimum three-dimensional separation between the subJect aircraft and the intruder durins an encounter~ In the third subsection the actual and sYstem-predicted closest Point of aPProach CaCPA and PCPA> are examined with resPect to four defined Pilot reactions to the RAS. For those encounters with aCPA's less than 1000 feet the individual horizontal and vertical comPonents of the CPA are Plotted with respect to each clas
	Processed to obtain data on the closest Point of 

	In the fourth subsection an examination of the aCPA data variabilit~v positive skewness' and tail-heaviness <kurtosis) which renders it b~ standard Parametric methods. Thoush a variety of transformations fail to comPletelY 
	distribution shows a Sreat desree of 
	unsuitable for analYsis 

	stabilize and normalize the variance' the transformation 
	is chosen as a continuous estimator of Performance. This Performance estimator is examined as a function of maneuver tYPe, number of exPeriences with the advisorY service, latencY (time to Pilot's awareness of an advisorY), and intensitw of maneuver. 
	In the last subsection, PCPA's are catesoricallY Partitioned into classes of the sYstem's estimate of risk, and the Pilots' ProPensitY to maneuver is examined with resPect to 
	~· 
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	cate~orical risk estimate and with resPect to encounter t~Pe. Also' an anal~sis is presented o~ ~actors af~ectins ~ood if the aCPA exceeds the PCPA b~ 10 ~actors risk' maneuver' encounter t~pe and their two-factor interactions are investi~ated to significant!~ influence a Pilot's achievin~ safe separation • 
	this 
	outcome <defined as 
	Percent or more). The 
	determine which most 
	Performance in 

	. 
	-
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	UISU~L ~CQUISIIION. One waw to tell how well the Pilots learn to use the disPlaY to helP find traffic is to measure how soon after the first advisory theY acGuire visual contact and how this chanses as theY Sain exPerience with the sYstem. Table 23 shows the averase time in seconds to visual acauisition for each flisht number for head-on' encounter~. 
	lateral, and tail-chase 

	I~BLE 23-ME~N.IIME <IN SECONDS> IO UISU~L ACQUISIIION 
	ELIGHI NUMBER IY~E 1 2 3 ~ 5 6 
	ENC. 

	~~
	Head-on <HO> 42 29 40 28 27 
	'~ 
	Lateral <LE> 46 33 34 20 36 43 Tail-chase CTC) 144 99 105 86 88 88 
	The exPected learnins curve Pattern is seen in each case. The means (excePt for LE in flisht number four) established their final levels bY the fourth flisht. Fisures 9, 10, and 
	11 show the freauencw distributions for each flisht number Per encounter tYPe. Thoush the data for the last two flishts ave~ase time to visual acauisition' the freGuencw distribution in Fisure 10 shows that the most common values were clustered around the 15 -30 second ranse with two isolated cases each at the UPPer end of the scales which weisht the averases upward. 
	in the LE catesorY show an increase in the 
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	TIME TO V,ISUAL ACQUISITION, LATERAL ENCOUNTER FIGURE 10 
	:
	I
	. 
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	TIME TO VISUAL ACQUISITION, TAIL-CHASE 
	FIGURE 11 
	In addition it can be seen that flisht number four in the LE 
	catesorw contains fewer data Points than the other flisht numbers for this encounter twPe <this appears to be a random occurrence). Visual acmuisition was not achieved in all encounters; Table 24 shows the number of encounters Per fli~ht number f6r which v1sual 
	encounter twPe and 

	acmuisition data does not exist. 
	IABLE 2A -~UMBER OE CASES WIIHOUI UISUAL ACQUISIIION 
	ELIGHI NUMBER 
	1 2 3 A 5 6 Head-on 4/13 4/17 6/14 6/14 8/17 4/19 Lateral 8/28 11/30 16/32 15/27 18/37 7/25 Tail-chase 16/25 12/22 14/27 13/30 12/21 15/24 
	Entries are a/b where a is the number of cases without visual acmuisition' and b is the total number of encounters in each encounter twPe and flisht number. 
	The observed imProvement in ans measure of Performance in b~ itself, cannot be construed as beins caused bw the Presence of the advisorw service since there are too few data on encounters without the service. For examPle, it could be that the subJects became more adePt at sPottinS the intruder' or thew sPent more time lookinS outside of the cockPit. In the examination of visual acmuisition data for head-on and lateral encounters' althoush interesting, Provides no conclusive information on the utilitw of the
	visual acmuisition <e.s. time to visual acmuisition)v 
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	enco•.Jnters' howeveT'' aT'(0 of special sisnificance. 
	Since an aircraft comins UP" from behind is well outside of a Pilot's field of vision' visual acouis~tion seldom occurs without the PromPt of a traffic advisor~. A detailed examination shows that visual acouisition occurs in 18 of the 45 tail-chase encounters that occurred in the last two Additional!~, visual acouisition occurred in 11 cases before closest point of aPProach while the intruder Wi.!JS behind ttlf.) subJect. The ranse at which visual acauisition occurred varied from 640 feet to over 10,000 fee
	flisht numbers. 
	likelihood of visual acouisition without a traffic 
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	RESeO~SE. A prominent concern is to what extent the durin~ an encounterv and how this is influenced b~ the advisorw service. Of the 424 encountersv 54 Percent did not •enerate .a maneuver as susa~sts that visual acauisition aenerated confidence that the miss distance would exceed the Pilot's maneuver threshold. An imPortant first GuestiDn is whether the PilCJts differ amona themselves in terms of their PrDPensitw tCJ maneuver. The answer is that there are marked sianificant differences amons the Pilots. The
	eiLOI 
	subJect Pilot maneuvers at anw time 
	r·ecCJrded the CJbserver. This 
	maximum 

	The tendenc~ to maneuver can also be ex~mined as a function of fliaht number, Ci.e. the exPerience level of the Pilots). The fli~ht numbers are not homoaeneous with resPect to maneuvers. The observed tendencw is for the Prevalence of maneuvers to diminish throush time. A five dearee of freedom chi-sGuared test wielded 16.8 indicatins a Probabilitw of 
	0.005 that the observed desree of decrease would randomls occur if the tendencw to maneuver were independent of flisht 
	numbc.~r·. 
	The trend of decreasina ProPensitw to maneuver is more 
	108 
	easilY seen bw combinins the s1x flisht numbers into thr~e blocks of two flishts each. Of the 135 encounters that occurred on the first two flisht numbers' 58 percent resulted in maneuvers. This Percentase droPPed to 46 Percent of 144 encounters in the second two fli~hts, and to 35 Percent of the 145 encounters that occurred in the last two flishts. 
	A Plausible interPretation of this decrease in ProPensitY to maneuver' based on a multitude of studies of the PSYchology of novel exPerience, <References 18 & 19), sussests that durins adaPtation to this new SYstem, the Pilots were overlY sensitive to disPlaY information, and tended to resPond more freGuentlw earlY in their exPerience. 
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	£0I~I OE ~££~0~CH <C£~>. The PUrPose of the CPA analwsis is to examine how the advisorw service was used bw 
	CLOSES! 

	·~
	mana~inS encounters. InPut for the analwsis l.~ surveillance data which was recorded bw the Mode S sround swstem and Processed to comPute the CPA's of the subJect aircraft and the intruder aircraft for each encounter. Two kinds of CPA were extracted; the achieved CPA <aCPA> and the Predicted CPA (PCPA>. The aCPA is the actual minimum three-dimensional seParation of the aircraft in conflict as determined from Mode S reports. The PCPA is the minimum value of the Predicted three-dimensional miss distance durin
	the Pilots in 

	To examine the effect of comPliance or non-comPliance with the RAS on the aCPA, the data were Partitioned into the followins five mutuallw excusive and exhaustive catesories: 
	1. 
	1. 
	1. 
	Followed RAS. This is the case if each and everw mad~ bw the Pilot corresPonds comPletelw with each and everw Positive resolution advisorw issued. If onlw nesative advisories are issued, the Pilot's lack of anw comPliance~ as is Positivization" of the nesative advisorw (e.s. turnins left in resPonse to a •no risht•). 
	maneuver 
	maneuver is construed as comPlete 
	8 


	2. 
	2. 
	Differed from RAS. This is the case if the Pilot maneuvers' but his maneuvers neither contradict nor comPletelw follow the RAS. 

	3. 
	3. 
	Did Not Maneuver. This is the case if the Pilot made no maneuver when Positive advisories were issued. 

	4. 
	4. 
	Contradicted RAS. This is the case if anY or all of the Pilot's maneuvers contradicted anY or all of the <e.~. a left turn when a •no left" or a •risht• is issued). 
	resolution advisories 


	5. 
	5. 
	No RAS. This is the case if no resolution advisorY information was issued to the subJect aircraft. This has no relevance to the waYs in which Pilots resPond to resolution advisories' but is included here for the sake of comPleteness. 
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	Fisure 12 shows the averase achieved mini~um seParation for each of the five cases of Pilot reaction to advisories. Three values are siven for each case: the ave rase three-dimensional slant ranse, and its horizontal and vertical comPonents at the aCPA. Notice that when Pilots comPlied comPletelY with the disPlaYed resolution advisories' the averase achieved minimum slant ranse was Sreater than 2000 feet and the minimum vertical seParation was well over 400 feet. For cases of Pilots not maneuverins or contr
	seParations were imminent. 
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	SLANT RANGE/HORIZONTAL/VERTICAL-SEPARATIONS· AT POINT OF CLOSEST APPROACH 
	~ -AVERAGE MINIMUM SLANT RANGE (CPA) ~ -AVERAGE HORIZONTAL COMPONENT OF CPA ~ -AVERAGE VERTICAL COMPONENT OF CPA 
	FOLLOUED DIFFERED DUI NOT CONn~DICTED "tt RAS MS FlfOI'I R'IS IWIEU\0 liAS 
	FI CURE 12 -MEAN OF MINIMUM ACHIEVED SEPARATION AS A FUNCTION OF COMPLIANCE WITH THE RAS 
	The encounters which had an aCPA of less than 1000 feet were subJected to ar1 additional anal~!.=>is. FiS•~re 13 ~~hows the vertical and horizontal seParations for each case of Pilot reaction to issued resolution advisories. In <-311 those;~ encounters durins which the Pilot comPlied comPlete!~ with the RAS, the achieved vertical se~aration was at least 300 feet. In the remainins encounters' the achieved vertical seParation was fremuentl~ less than 300 feet and in one case the aircraft were co-altitude. 
	There is a difference in the averase absolute vertical seParation between tho~e cases when the intruder was above the subJect aircraft (458 feet) and those cases when he was below (331 feet). At-test between the cases above and those 
	th;;~t this difference is statistical!~ sisnificant <P < 0.0001). There was no such statistical difference in the mean minimum horizontal separations. 
	s;hows; 

	An examination into the reasons for this difference resulted . 
	non-exPerimental!~ verified but Plausible h~Pothesis that the observed difference is attributable to one or more of the followins factors: 
	in the 

	1. When maneuverins for collision avoidance it is likel~ that aircraft descent rates exceed climb rates; hence achieved vertical seParation at CPA is likel~ to be sreater 
	for maneuvers involvins descents. 
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	FIGURE 13 -HORIZONTAL AND VERTICAL SEPARATION AT CPA FOR ENCOUNTERS WITH CPA WITHIN 1000 FEET 
	2. In encounters where vertical seParation is small and 
	visual contact is achieved, it is difficult for the Pilot to accuratelY Judse the masnitude and direction of the vertical c•nt~r test Pilots exPerienced in collision avoidance SYStem testins> that for a tliven absolute vertical seParation the intruder from above aPPears to have less vertical seParation and hence aPPears to be more threatenins than the intruder from below. Pilots are therefore more likelw to maneuver and increase seParation for intruder aircraft that are above. 
	seParation. It has been observed (by FAA Technical 

	3. 
	3. 
	3. 
	Aircraft are more visible ~hen theY are above versus below the horizon. The increase in achieved vertical CPA seParation when the intruder aircraft are above maY be a manifestation of the tendencY for Pilots to maneuver more freQuentlY when they Perceive a threatening encounter and have visual contact as comPared to when theY do not have visual contact. 

	4. 
	4. 
	A small but nevertheless potential factor may be caused by the intruder Pilots. These Pilots were instructed to maintain a Siven altitude throushout the encounter. For safetY reasons, P~ior to visual contact the intruder Pilots tended to carefullY monitor the altimeter and to ensure that any deviations from assisned altitude were on the side of increased vertical seParation. Once visual. contact was established, however, there was no lonser the need to maintain this Positive safetY factor and vertical separ


	115 
	distances ma~ have tended to sli~htl~ decrease. The fact 
	that the intruder Pilots established visual contact more freGuentl~ when the subJect aircraft was above ma~ 
	ob~erved differences. 
	contribute to the 

	investi~ate the effects of the difference in vertical 
	To 

	Position the Pilots' reactions to the advisories were broken b~ vertical Position of the intruder. Table 25 shows 
	down 

	freGuenc~ of resPonses in each catesorw. 
	the 

	EREGUE~C~ OE RES£0~SES IO IHE RAS AS A EUNCIIO~ OE I~IRUDER £051!10~ 
	IABLE 25 -

	~OI CONIRADICIED RAS RAS EROM RAS RAS ABOVE 1 33 2 13 5 BELOW 1 19 11 30 4 
	NO EOLLOWED DIEEERED DID 
	MANUV.ER 

	~ ~
	TOTAL 52 13 44 9 
	It can be seen that the Pilots comPlied comPletelw with the resolution advisories most often when the intruder was above them' and thew made no maneuver most often when the intruder was below. Indeed, most of the Pilots' resPonses fall into 
	cate~orw. The other three cate~ories have too few occuren~es Therefore~ to Proceed with an analwsis of the effects of Pilots' comPliance and the vertical Position of the intruder, the cate~ories •Differed From RAs• and •contradicted RAS" ha0e 
	to warrant seParate statistical analwses. 
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	catesor~ into one catesor~ called •NoncomPliance.• The two ."No RAS• observations have been droPPed from the followins anal~sis as the~ have no bearins on comPliance with the advisories. freGuenc~ of resPonses as a function of intruder Position, and Fisure 14 shows the horizontal and vertical seParations for these two new catesories. The b~ Pilots when the~ comPlied versus when the~ did not is clearl~ illustrated b~ Fisure 14 where the non-comPlied cases are seen to cluster closer to the zero seParation axi
	been combined with the •No Maneuver• 
	Table 26 shows the 
	sreater vertical seParation achieved 
	farther 

	I~BLE 26 -EREQUE~CY OE COM~Ll~~CE/~O~COM~Ll~~CE WliH IHE 
	R~S ~S ~ EU~CIIO~ OE I~IRUDER £0SlilO~ 
	~O~COM~LlED ABOVE 33 20 BELOW 19 TOTAL 66 
	COM£LlED 

	Table 27 Presents the results o~ an anal~sis of variance usins slant ranse as the dePendent variable and comPliance and vertical Position as the susPected sources of variation. 
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	FIGURE 14 . -HORIZONTAL AND VERTICAL SEPARATION FOR COMPLIANCE VERSUS NONCOMPLIANCE 
	I~ SLA~I RA~GE 
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	BELO~ 1000 EEEI 
	CeA'S 

	SOURCE OE UARIAIIO~ DE E-RAIIO e-V.ALUE SIGNIFICA~I 
	The failure of "Vertical Position• to reach siSnificance indicates that whether the intruder was above or. below did not contribute sisnificantlw to the three-dimensional slant ranse. Therefore' the best estimate available for slant ranse is the srand mean of the total samPle, 640 feet. a ~amPle of behaviors lar~er POPulation' one can be confident that there 
	Assumins the Pilots demonstrate 
	random 
	from some 

	is a 95% Probabilitw that the larser POPulation mean will be within the interval 606 feet to 673 feet. This ranse aPPlies onlw in the situation of forced encounters' with an automatic advisorY service Present, and aCPA of less than 1000 feet. 
	The failure of the interaction of vertical Position and 
	statistical sisnificance indicates that differences in mean slant ranse between the comPliance catesories are not dePendent uPon vertical Position of the intruder. 
	The onlw factor found to sisnificantlw affect the seParation 
	119 
	~ith the RAS. Table 28 shows the mean slant rahse separation, the estimates of the standard error of the means, and the 95% confidence interval of the POPulation mean for slant seParation as a function of catesor~. 
	was that of the Pilot's comPliante 
	comPliance 

	I~BLE 28 -ce~ SL~~I R~NGE ~S ~ EUNCIION DE COMeLI~NCE R~S <aCeA'S BELOW 1000 EEEI> N MEAN SID ERR 25/. CONEIDENCE INIERVAL 
	WIIH IHE 

	~~
	J' 714.8 23.99 666.6 to 762.9 NONCOMPLIANCE 66 581.5 23.70 534.2 to 628.9 DIFFERENCE 14 133.3 34.16 66.4 to 200.3 TOTAL 118 640.2 16.96 606.7 to 673.8 
	COMPLIANCE 

	The difference in means rePresents a 22.9 Percent 
	comPlete!~ the~ did not. l~ese anal~ses of the data for slant ranse less than 1000 feet indicate that when advisor~ service he comPl~. This Advisor~ Service can contribute safet~. 
	imProvement in seParation when Pilots comPlied 
	with the RAS over when 
	a Pilot comPlies with the resolution 
	maintains a larser CPA than when he fails to 
	sussests that a Resolution 
	to airspace 

	In discussins Pilots' "Performance,• it should be mentioned what or how the Pilots were instructed to Perform. The Pilot's manual, Siven to the Pilots one week Prior to the around school trainins session' states the followins: 
	•so ~ouv the 
	far no mention has been made of what 
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	Pilot, should do. The PUrPose of [the automatic 
	advisorY service] is two-fold: to issue traffic 
	advisoy•ies and J'e!:>o1 t.Jt ion advisorif.~s to 
	automaticall~. 
	whether and how to make use of these advisories.• 
	In additionr the Pilot~ were told before each fli~ht that the~ were to do whatever the~ felt was nec•ssarY to maintain safe separation. In this context Performance measures do not achievin~ a stated ~oal so much as theY reflect the Pilot's actual use of the automatic advisor~=~ ser·vice. C)n}Y mention made ·t.he SYstem-Predicted closest Point of approach CPCPA> was that it was represented as an •x• at the end of the relative motion liner and that it marked the ranse and relative bearin~ of the intruder at t
	indicate the Pilot's "success• in 

	:1.21 
	DISIRIBUIIO~ OE CeA DAIA. The Precedins subsection dealt 
	with Performance as it relates to the automatic advisors sPecificall~ on the differences in aCPA as a function of the level of comPliance with the RAS. In this subsection' the level of exPerience with the automatic advisor~ servicev as well as other factors that are advisor~ service, are examined to determine their effects uPon aCPA, and aCPA relative to 
	service' focusins 
	indePendent of the 

	The initial approach to the CPA data consisted of an statistics~ the adeouac~, and comparisons of these statistics with desisn and action variables. 
	examination of the ProPerties of the 
	construction of indices rePresentins Perfbrmance 

	The PCPA was recorded in 342 cases, and the aCPA were recorded in 345 cases (341 in common). The vertical comPonent of the aCPA <aCPvA) has been converted to absolute values and is based on 345 observations. Table 29 shows the descriPtive statistics of these data. 
	IABLE 22 -SIAIISIICS ON DISIRIBUIION OE CPA DAIA 
	UARIABLE MEAN MDN MIN MAX S.D. SKEW KURI aCPA 2414 1424 163 11759 2527 2.0 3.5 PCPA 1228 588 6 11634 1784 3.5 13.6 aCPvA <abs) 411 400 0 1600 177 1.4 
	t ~ 

	0•~ 
	All values (excePt skew and kurtosis) are in feet. 
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	~eature of these data is their hish variabilit~. The actual and Predicted CPA both have coefficients of variation in excess of one hundred. Notice Positive!~ skewed and the tail-heaviness (kurtosis) ranses from marked in the case of aCPA to extreme in the c•se of PCPA. Coefficients of kurtosis shown here are larser than the Gaussian norm kurtosis of three. The distributional ProPerties of these data render them unsuitable for analwsis bw standard thi~! 1. trans~ormations that stabilize and normalize varianc
	The most strikins 
	that all of the distributions are 
	Parametric methods. There are two ways around 

	a~Plied to the data. The sauare root of aCPvA Yields values that approximate a normal distrib~tion. The .los<aCPA> and loS(PCPA> are much less asswmetric than their arsuments, but still tail-heavY. Althoush these transformations still do not comPletelY stabilize variance, 10loS(aCPA/PCPA> was chosen as a continuous estimator of Performance, Pl. 
	A varietY of transformations were 

	From the Precedins analYses of Pilot oPinion and visual acGuisition, it misht be exPected that Pi would show an increasins trend with exPerience, however' various one-waY analYses of variance failed to show anY relation between Pl and flisht number. The absence of any effect of flisht number on Pl is borne out bY Parametric as Well as non-Parametric analYses of variance. 
	123 
	Similarlw, no relation was found ·to exist between Pl and the an~ maneuver. However, when sPecific contrasts were examined between Presence or absence of turns or altitude chansev Performance was sisnificantl~ influenced bw these sPecific maneuvers. Since the arithmetic mean of lo~.'iaT'ithmic values is emual to the losarithm of the seometric mean of the actual valuesv a second Performance :i.nde:·~' P2v was defined as the seometric mean of the ratio (aCPA/PCPA) in order to examine sroups of data foJ' encou
	Presence or absence of 
	(and Practicallw> 

	intuition that turns are an effective avoidance maneuver. 
	The same kind of result was also seneratedv as misht be 
	bw altitude chansesv differences c6nstitute a relativelw small Portion of the three-dimensional seParation between aircraft, :i.t :i. ~;; mo r<~ meaninsful to examine the aCPvA alonev rather than with resard to the PCPA. On those encounters in which the Pilot either climbed or descended, the mean absolute vertical seParation, called P3v exceeded 500 feet. When such altitude chanses are not Present, P3 is less thaM 400 feet. The mean Sain in seParation 1s about 150 feet. the Probabilitw of such differences i
	' 
	nil. 
	The Precedins analYses are based UPon the Presence or o~ turnins and climb/dive maneuvers. One may· then ask whether' within the class of maneuvers themselves, there is any Positve relation between intensitY of maneuver and effectiveness. The answer to this Guestion is flatlY no. Total de~rees of course chan~e or ansle of steePest bank' hi~hlw correlated, are unrelated to ·Performance effectiveness. The same holds true for altitude 
	absence 
	thoush themselves 

	chan~es whether sisned or unsisned. 
	Insofar as Pilot resPonse intensity is unrelated to Performance effectiveness' the Possible relations between resPonse latencY and obJective Performance were examined. The overall mean time to visuallY acGuire the intruder ran~e from 30 seconds Prior to the first advisory to 4 minutes after the advisorY. The mean time to note the disPlaY was seven seconds with a standard deviation of 15 seconds. These times ran~ed from instantaneous to two and a half minutes. Correlations of these latencies with the three C
	aircraft was 54 seconds. These data 

	The failure of late~cw and intensity variables to Predict obJective Performance measures is not unusual in research endeavors df this kind. Indeedr it would be surPrisins to find such relations. Attempts at Pswcholosical. interPretations of such simPle observables fail to recosnize 
	125 
	that their variabili~~ is intrinsic and not constrained b~ 
	the c<:>nte~d,!:; in which the!:~ occur·. 
	Measurement methods used in laborato~~ exPeriments ~uch as reaction time or latenc~ measures' resPonse amPlitude, or error measure are often useful to helP in the desisn of disPla~ devices and s~stems' but it is almost certain!~ the case that such measures' because of their suscePtibilit~ to 
	Perturbation' are useless in the field assessment of such 
	devic<~s. 
	:r. 21.) 
	BEH~UIOR ~S A EU~CIION OE SXSIEM ESIIM~IES OE RISK. In 
	eiLOI 

	this subsection catesorical Partitions of CPA data are emPloYed to examine Pilot behavior as a function of "risk.• As mentioned earlier' Pilots were not Siven sPecific instructions on how to react to the Predicted CPA indicator in their manaaement of an encounter' but reaardless of how individual Pilots did use it, the PCPA does have value in determining the relative Potential danser of encounters after the fact. Table 30 associates with ranees of PCPA values, risk catesories numbered 1 throush 4, where ind
	I~BLE 30 -DEEINIIIONS OE "RISK• C~IEGORIES 
	CAIEGORX eCeA RANGE <EEEI> EREQUENCY OE OCCURENCE 
	1 >2500 35 
	951 to 2500 79 
	3 421 to 950 114 
	4 < or ~ 420 114 
	The first hYPothesis to be tested bY these dat• is that the ProPensitY to maneuver would be sreater in situations of hiSher risk. Usins as the dePendent variable the Presence or absence of a maneuver of anY tYPe' Table 31 disPlaYs the Percentases of maneuvers in each risk catesorw broken down by encounter tYPe (before determinins the estimated Percentage, the value 0.5 was added to each cell to account 
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	for bias). 
	IQBLE 31 -eERCENIAGES DE MANEUUERS AS A EUNCIION DE "RISK" LEUEL AND ENCOUNIER IY.eE 
	Anal~sis of these data shows that the onl~ sisnificant factor of the two which influenced the ProPensit~ to maneuver was t~Pe of encounter which ~ielded a chi-sQuared statistic of 12.51 on two desrees of freedom. This indicates Probabilit~ of less than 0.002 that the observed deSree of correlation between encounter t~Pe and Propensit~ to maneuver would occur randoml~. Table 31 shows that the t~Pes were ranked in the order HO-LE-TC, with respect to the freQuenc~ of .maneuver. Notice that this orderinS 1s the
	a 
	encounter 
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	tail-chase encounters, which is th~ condition in which thew 
	exPressed the hishest resard for the utilitY of the advisorw service. This tendencw maw be influenced bY the Pilot's PercePtion of the collision threat and the time available to tail~chase the pilot has amPle time to evaluate the traffic situation and to avoid unnecessarY maneuverins. This is esPeciallY true in tail-chase encounters where the Pilotv PromPted bw the disPlay, is able to establish visual contact. Bw contrast, in the HO encounter the Pilotv aware of his inabilitw to accuratelw assess the encoun
	react. In a 
	maintain a safetw factor bw maneuverins more 

	Contrarw to the hwPothesisv but statisticallw borderline, it is noted that Sreater risk does not induce increased maneuverins tendencies. the sreatest tendencw to maneuver arises when the Predicted Point of closest aPProach exceeds 2500 feet. 
	The ratio of actual to predicted CPA was partitioned into catesories reflecting an encounter's outcome. Table 32 shows the definition of the two catesories of outcome' called 
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	IABLE 32 -DEEINIIION OE "OUICOME" CAIEGORIES 
	CAIEGORX EREQUENCX OE OCCURENCE GC)Od 1 • 1 CH' mo l'E~ :~~?9 Poor· <:L • :1. 62 
	The effects of the defined risk cstesories, the Presence or absence of maneuvers, and the thlPe of encounter upon outcome were examined. Presence of maneuver and thlPe of encounter were at most of borderline imPortance. In a maJor analhlsis that incorporated all three of these indePendent factors, there is a slisht indication of an interaction between the influence of risk and maneuver affectins outcome' however? it is the risk factor that has the most dramatic influence on outcome. This influence is seen m
	relatins risk to outcome. 
	IABLE 33 -"OUICOME" AS A EUNCIION OE "RISK" 
	OUICOME Ei:ISI:i: eCeA RANGE CEEEI> GOOD JOIAL aCPA/PCPA~1.1 aCPA/PCPA<1.1 
	:1. 49% !=.:; :L% ~3~:i 9~:i 1 to 2~:;oo 6H% 32% :?9 3 42:1. to 9~:'.i0 1:1. /~ 1:1.4 4 < 0 l' :::: 420 93% ?% :1.1:3 TOTAl... B2% :I.B% :341 
	In Table 33 it 1s seen that outcomes that are nominallhl unsatisfactorhl (in the sense that the actual Point of 
	1. 3() 
	closest aPProach does not marked!~ exceed the Prediction and 
	·.
	-

	ma~ even be le!:;-:;), terid to be most heavilw corl!~entT'<:d,.:~d· the~ will do the least harm. Failure of the Pilot to better the Prediction does little to endanser an encounter that does not reall~ materialize. But as the risk increases advisor~ service to ~id the Pilot in ~uantitative advantase to the~ f 1i !.'.{ht. 
	where 
	the value of the 
	increasins separation results in 

	SUMMAR~. To examine the wa\:Js in which the Pilots use the automatic advisor\:J service it is useful to look at their observed Performance. Performance was examined· in this section b\:J lookins at how well the advisories aided in visual acGuisition' whether or not Pilots followed the RAS, and whether or not comPliance with the RAS increased the seParation between aircraft. These anal~ses were divided into the followins subsections. 
	o 
	o 
	o 
	Visual Acauisition 

	o 
	o 
	Closest Point of APProach <CPA) 

	o 
	o 
	Distribution of CPA Data 

	o 
	o 
	Pilot Behavior as a Function of Swstem Estimates of 


	In the first subsection the time between the Pilot's receiPt of a first advisorw and his achievement of visual contact 
	··~G'
	W 

	<i:).,) seen that Pilots were achievins visual contact sooner as 
	was taken as an index of time to visual acauisition. It 

	:1.3 j_ 
	advisor~ service incre~sed. This imProvement, ~ombined with the fact that in the later earl~ on in tail-chase encounters when the intruder was still behind the stronel~ sueeests that the automatic adviSor~ service aids the Pilot in achievine visual contact. 
	their exPerience with the 
	fliehts visual contact often achieved 
	subJect aircraft, 

	The second subsection examined statistics concernins 
	maneuvers made b~ the subJect Pilot. It was noted that the Pilots differed ereatl~ in their ProPensit~ to maneuver' and that the seneral tendenc~ to maneuver diminished with the number of flisht exPeriences. Whether this decrease is due to oversensitivit~ to disPla~ed information in the earl~ fliehts or an increase in confidence resultins from exPerience with the advisor~ service or with the flisht test Proeram itself is indeterminate. 
	The data extraction taPes from the Mode S er6und s~stem were Processed to obtain data on the closest Point of aPProach <CPA) which is the minimum three-dimensional seParation between the subJect aircraft and the intruder durine an encounter. In the third subsection the actual and s~stem-Predicted closest Point of aPProach (aCPA and PCPA) were examined with resPect to four defined Pilot reactions to the RAS <1. comPlied comPlete!~ with the RAS, 2. comPlied Partial!~ with the RAS or maneuvered different!~' 3.
	132 
	isnored or contradicted the RAS. For those encounters with 
	aCPA's less than 1000 feet the individual horizontal and vertical seParations were Plotted. It was seen that the subJect Pilots comPlied with ·the RAS more often when the intruder was ~bove the subJect aircraft than when he was siSnificantl~ hiSher when comPlete!~ with the RAS than when the~ did not. 
	below and that separations were 
	Pilots comPlied 

	In the fourth subsection an examination of the aCPA data variabilit~, Positive skewness, and tail-heaviness <kurtosis> which rendered it anal~sis b~ standard parametric methods. ThouSh a variet~ of transformations failed to comPlete!~ stabilize and nbrmalize the variance' the transformation 10losCaCPA/PCPA) was chosen as a continuous estimator of onl~ factor that was found to have a sisnificant effect UPon this estimator was the Presence or absence of sPecific maneuvers which altered the course or altitude 
	distribution showed a sreat desree of 
	unsuitable for 
	Performance. The 
	vertical maneuvers were found to 

	catesoricall~ 
	In the last subsection' PCPA's were 
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	s~stem's estimate of risk. ProPensit~ to maneuver was found to have no relationshiP to the PCPA but a strons relationshiP exists between ProPensit~ to maneuver and encounter t~pe; Pi 1ot~;; mane•.Jve T' most often in head-on <HO) situations, less often in l~teral C-?ncountc.;~ T'!!; <LE)r and least often in the tail-chase CTC) encounters. This orderins is the reverse of that found and-ma~ be influenced b~ the time available to react which is necessaril~ shorter in the HO situation. Finall~' an anal~sis of f
	Partitioned into classes of the 
	The 
	earlier for Pilot satisfaction, 

	and their two-factor interactions, sisnificant in determinins outcome' with occurrin~ in the hisher risk 
	percentase of sood outcomes 

	encount<~~r-~;. 
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	CH~R~CIERISIICS OE IHE IR~I~I~G eROGR~M. 
	A Sround school exam <APPendix B> was administeied to the subJect Pilots before and after the around school trainins session. The exam scores were used for three PUrPoses: 1. to match Pilots in the rePlicated latin sGuare of the exPerimental . desisn, 2. to obtain an obJective index of the ~ervice Prior to the first fliahtv and 3. to assess the value of the trainina session. Althoush a half daw of ~round school was conducted for the subJect Pilots, the results of the two exams did not show a sisnificant dif
	subJect Pilots' comPrehension of the advisorw 

	An additional exam was comPleted bw the subJect Pilots Prior 
	to each fliaht (preflisht exam, APPendix B>. This Permitted determinins if anw imProvement in aPParent knowledse of the swstem occurred as a result of flisht exPerience' .and to estimate the relative value of the sround school with actual flisht exPerience. The Preflisht exam data were complete excePt for one missina value for Pilot K (flisht number 2). This Pilot also received an unusuallw low score on the first and third exam administrations. OmittinS this subJect aives a ranse of exam scores between 10 a
	135 
	Analwsis of variance indicates that the averase scores differed between flishts (probabilitw of this beins a random result eGuals 0.04>·• The siSnificance of this difference slishtl~ if the anomalous subJect K is omitted. However, a rank order correlation of the means for the six flisht numbers with a Perfect monotonic uPtrend fails to reach sisnificance CP = 0.05), with or without Pilot K. It misht therefore be concluded that there was no Preflisht test imProvement as exPerience increased. However, an vers
	increases 
	examination of the exam score 
	to reach sisnificance is attributable to the small 

	common!~ noted trend for Pswcholosical test scores and performance 20)~ 
	"learnins curve" of Just this kind, is the most 
	measures of this twpe <Reference 

	The homoseneit~ of the Pilot samPle can be assessed with the intraclass correlation coefficient. With or without Pilot K this coefficient is aPProximatelw o.so. A between~subJect correlation of o.so indicates a fair amount of homoseneitw, d~namic ranse of the exam statistical!~ reliable, this correlation coefficient is also reliable. 
	especiallw in view of the narrow 
	scores. Since the F-ratio is 
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	I~ESULIS 
	INIROOUCIION. 
	This rePort described a flisht test Prosram involvins 12 sub..iect Pilots, flwins 72 fliehts <6 flishts each), with a total of 424 midain encounters, usins an automatic advisorw 
	The automatic advisorw service was comPosed of two 
	St~ T'V i Cf?S; :1. • a Traffic Advisorw Service CTAS) which dis~lawed a continuallw uPdatedr course-up traffic maP of 
	the airsPace around the subJect aircraft, and 
	'') 

	,!(•• f. 
	Resolution Advisors Service CRAS> which suesested conflict avoidance maneuvers calculated on the basis of sround radar 
	i nfD r·m<:lt :i. on. Phw~ical data were taken bw on-board observers, and bw SrDund-based masnetic T'(-?CO r•de T'S • SubJective data concernine Pilot oPinion and PercePtion were collected with Post-flisht debriefines and Post-encounter debriefinss. All of the encounters were subJect tD the fDllowinS three constraints: 
	:1.. Ncl v.:::· r·t :i. ca1 rate Dr maneuverins encounters were 
	flown. 
	2. 
	2. 
	2. 
	No Planned multiPle aircraft encounters were· flown (32 unPlanned multiPles occured). 

	3. 
	3. 
	The intruder aircraft were not emuiPPed with the automatic advisorw service. 


	results maw have been different had these constraints not been in effect. 
	This section summarizes the maJor findinss of the data anal~sis' and is divided into the followins five sections. 
	o DePendence of Data on Test Conditions 
	o: Pilot Utilit~ Assessment of the Advisor~ Service 
	o 
	o 
	o 
	Pilot Acceptance of the Advisorw Service 

	o 
	o 
	Use of the AdvisorY Service 

	o 
	o 
	Characteristics of the Trainins Prosram 
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	DEeENDENCE OE DAIA ON IESI CONDIIIONS. 
	o The counter-balancin~ desisn <latin sGuare) used in the flisht test Prosram was successful in eliminatins anY maJor sYstematic data dePender.cies' and the 
	eiLDI UIILIIY ASSESSMENI OE IUE ADUISQRY SERUICE. 
	o 
	o 
	o 
	The subJect Pilots showed most aPPreciation for those eleR,ents of the TAS which save basic information resardins the location and relative motion of the (pa~e 66). 
	intruder 


	o 
	o 
	There was a distinct Pr~ference shown in the Pilots' ratinss for the TAS features over the RAS. The RAS was initiallY one of the most hishlY rated features' but declined steadilY trJ fifth Place in the F'ost-hoc rankin~ of the Pilots' ratin~s' bw the fourth flisht (pase 72). 

	o 
	o 
	The stabilitY of the rankine of Pilots' ratin~s of the disPlawed data indicates that four fli~ht experiences with the service are sufficient to stabilize Pilots' workine attitudes toward disPlaYed information (pa~e 73). 

	o 
	o 
	The subJect Pilots felt ihat no crucial information was lackine in the disPlaYed data, and, in sene~al, too much information was disPlawed (pase 74). 

	o 
	o 
	The subJect Pilots exPlicit!~ exPressed a desire for the basic traffic s~mbol alone, and for a ~eneral reduction (pa~e 77>. 
	in the level of disPlaYed information 


	o 
	o 
	Fift~ Percent of the subJect Pilots indicated that there should be an audible sisnal to alert the Pilot of a advisor~ (p~~e 77). 
	Proximate 
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	accEei~NCE DE IHE ~DUISORY SERUICE. 
	eiLOI 

	o The subJect Pilots showed a hiSh re~aTd for the automatic advisor~ service and the disPla~ in ever~ measure of Pilot satisfaction. The expressed satisfaction with the s~stem' althou~h uniformlY hi~h for all fli~ht numbersr leveled out and reached its essential maximum on the 
	fli~ht (pa~es 82, 86r 88). 
	fourth 

	o 
	o 
	o 
	The subJect Pilots showed a si~nificant Preference for the advisor~ service <TAS and RAS> as a whole' over <e.~. size, le~ibilit~, and color> (page 82). 
	automatic 
	the disPlaY 


	o 
	o 
	APProximate!~ one-third of the increase in Pilot satisfaction with exPerience maY be associated with increasin~ familiarit~ with the s~stem (pa~e 89). 


	o advisor~ service likel~ to be visible (pase 94). 
	The subJect Pilots regarded the automatic 
	most highlY when the intruder was least 
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	USE OE IHE ADUISOBY SEBUICE. 
	o 
	o 
	o 
	An observed decrease in the time to visual ac~uisition of traffic sussests that the automatic advisorY service aids the Pilots in achievins visual contact with the intruder aircraft (PaSe 107). 

	o 
	o 
	sisnificantl~ larser when Pilots comPlete!~ with the RAS than when the~ did not (paSes 111v 120). 
	Minimum seParations were 
	comPlied 


	o 
	o 
	comPlete!~ with the RAS more often when the intruder was above the subJect aircraft than when he was below (paSe 116). 
	The subJect Pilots comPlied 



	o 
	o 
	o 
	There was no sisnificant imProvement in achieved advisor~ service increased (paSe 123). 
	seParations as exPerience with the automatic 


	o 
	o 
	Both horizontal and vertical maneuvers were found to 


	siSnificantl~ increase seParations between aircraft (PaSe 124). 
	o The subJect P11ots maneuvered most often in head-on encounters, less often in lateral encounters' and least often in tail-chase encounters (page 128). 
	IRAI~I~G ~BOGBAM. 
	CHABACIERISIICS OE IHE 

	o The subJect Pilots Sained most of their knowledse of the automatic advisor~ service throush self-stud~ with a 
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	Pilot's Manual. A classroom trainin~ session did little 
	to increase knowledse of the s~ste~ over and above that 
	alread~ Sained from the manual (pase 135). 
	o knowled~e of the s~stem throu~hout the flisht test Prosram as a result of actual flisht exPeriences, but their increase in Performance on the Prefliaht exam leveled out at its b~ the fourth fliaht (paae 135>. 
	The subJect Pilots Sained additional 
	maximum 
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	COt-:ICLUS!Ot:IS 
	o Horizontal and vertical maneuvers in response to an automatic advisorw service are effective in increasins aircraft separation. 
	o SuPPlementer~ information, over and above the basic Position and relative motion information' is unwanted bw Pilot!:;, and interferes with their comPrehension of traffic situations. Conflict resolution advisories are seen as less imPortant than this basic traffic advisorw :i nfc> rmati <:>n. 
	o 
	o 
	o 
	o 
	Certain characteristics of Pilot interaction with an automatic advisorY service, <such as the abilits to maximize achieved seParation), are effective from the verw first flisht exPerience with the service' while other characteristics, (such as satisfaction with the 

	and decrease in time to visual acmuisition), take four flisht exPeriences to mature. 

	o 
	o 
	Self-studY with a comPrehensive trainins manual effective method for trainins Pilots in the use of an automatic advisory service. 

	o 
	o 
	The level of disPlawed information should b• kePt to a minimum for the sak~ of claritY ih communicating to the Pilot onlY the location and Predicted relative motion of intruding aircraft. 
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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), Rainbow NDB*(RNB), and the Sea Isle VOR**(SIE). 
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	[8] .out-of-range traffic symbol ~) 
	[9] vertical speed 
	[10] traffic course track 
	[11] own aircraft course track 
	[12] relative motion line 
	[13] range ring 
	[14] point of closest approach 
	[15] turn status 
	[16] resolution command 
	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 
	[18] Did the information in the. traffic advisory prompt you to take avoidance maneuvers prior to receiving c1 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 advisory service aid 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 (page 2 of 3) 
	[22] How adequate was the traffic advisory service in preparing you for the resolution advisory? not useful ai all 
	somewhat useful very useful 
	. 
	[23] How confident are you that the resolution commands maximize the miss distance. not at all confident 
	somewhat confident very confident 
	[24] If you never see the traffic how do you feel about following the resolution advisories? not at all confident 
	somewhat confident very confident 
	[25] Please rate (0-9) how you feel about all aspects of the dis­play format together (size, legibility, color, etc.) 
	[26] On the whole, please rate (0-9) how you feel about ATARS service. 
	[27] Can you suggest any mods or improvements in the display or service? 
	FORM 3 -MISSION DEBRIEFING (page 3 of 3) 
	( J l 
	( J l 
	( J l 
	ll;J'J:CS ICN 
	t:UH:~;:;:: 
	(;>) 
	TL:.'l 
	l'lLu..~ 
	J . '."' 

	(J) 
	(J) 
	PILOT HISS ION 
	NUHnER: 
	(4) 
	FLIGHT 
	Ll:L~ 
	( l 
	2 
	3 
	4 

	(5) 
	(5) 
	ALTITUDE MAINTENANCE: 
	(6) 
	COURSE 
	HAINTENANCE: 

	(7) TURBULENCE? 
	(7) TURBULENCE? 
	HOW HUGH? 
	(8) 
	~lORK 
	LOAD 
	BEFORE 
	INTRL1510N 


	(9) 
	(9) 
	(9) 
	TIME OF FIRST ADVISORY: (10) TIME PILOT NOTES ADVISORY: 

	(11) 
	(11) 
	STAGE PILOT NOTES ADVISORY( P TH R ) 

	(12) 
	(12) 
	'XIHE·,OF .llLSUAL ACQUISITION:· (13) IF ONE WAS IT-PLANNED? 

	(14) 
	(14) 
	ADVISORY TYPE( P TH RES ) 


	{16) IF MORE THAN ONE, DP~W SYMBOLOGY:
	(15) INTRUSION TYPE( HO PU TC) 
	WAS THE MOST CRITICAL PLANNED? 
	(17) 
	(17) 
	(17) 
	TRACK INTRUSION: 

	(18) 
	(18) 
	PROX .THREAT 
	RES AD 



	. r
	. . !OCCURS :time)l 
	l 
	MANEUVER( YIN) 
	I 
	I 

	(19 ) 
	(19 ) 
	(19 ) 
	. TYPE MANEUVER CLI,DES,RiGHT,LEFT) 
	ON 
	SCREEN 
	RES 
	MA'NF.UVF.R 
	TAl(F.\Il 

	TR
	RATE (BANK OR FT/HIN) 

	TR
	COURSE CHANGE (FEET--DEGEES) 
	I 

	(20) 
	(20) 
	DOES 
	PILOT HEAR THREAT? 
	(21) TYPE COMMAND 
	RECEIVED: 

	(22) 
	(22) 
	DOES 
	PILOT HEAR CLEAR? 
	(23) 
	TIME BACK ON 
	COURSE: 

	(24) 
	(24) 
	CRITICAL EVENTS?(E.G.OTHER TRAFFIC) 

	(25) 
	(25) 
	ADVISORY TIMMING---TO 
	SOON._ 
	____;ABOU':! 
	RIGHT.__TO 
	LATE 

	(26) 
	(26) 
	RESOLUTION: 
	CORRECT NOT------
	-

	CORRECT DONT----
	-

	KNOW----
	-


	TR
	FORM 
	4 -INTRUSION LOG (page 1 of 2) 
	B-8 


	RESPONSE CHECK LIST: (ALL RATING SCALES 0-9) 
	[30]____ALTITUDE DURING INTRUSION (RANGE IN FT.) [3l)____COURSE DURING INTRUSION (0 -9) 
	[32]____MAINTAIN INSTRUMENT SCAN (Y/N) 
	[33]____MAINTAIN EXTERNAL SCAN (Y/N) 
	[34]____MANEUVER COORDINATION (0 -9) 
	[35]____AIRSPEED CONTROL (0 -9) 
	[36] FUEL MANAGEMENT (OK I NG) LAST INTRUSION ONLY 
	[37] PROP SYNC (OK I NG) 
	[38]____WORKLOAD RATING (0 -9) 
	FORM_4_ -INTRUSION LOG 
	' 
	' (page 2 of 2) 
	[1) 1ntrusion Number: 
	[2) Test Pilot ID: [3) Pilot Mission #: [4) Where did the intruder come from (clock position)? 
	[5] Did the display light up in time? [6) Did the threat advisory occur too early or too late? 
	[7] Did you find ATA RS useful in avoiding the traffic? 
	[8] Did you maneuver before you received an advisory? 
	If yes, why? 
	[9) Did you find the resolution advisory or the display the most · helpful? 
	[10] What did you think of the resolution advisory? 
	[11] Was the intruder going faster or slower than you? 
	[12] Was the intruder ATARS equipped? 
	[13] Was he above/below you or at same altitude? 
	[14] How would you rate the workload of the intrusion (0'-9)? 
	[15) Would you rather have ATARS advisories or traffic controller advisories? Both? 
	FORM 5 -ENCOUNTER DEBRIEFING 
	(page 1 of 1 ) B-10 
	ATARS Orientation Test Format 
	1. Which of the following might occur several minutes before point of closest approach? 
	1) Proximate advisory· 
	2) Traffic threat advisory 
	3) Resolution advisory 4) Both 1 and 2 
	2. If you choose to ignore a resolution advisory, and decide· to maneuver at yol,lr own discretion: 
	1) Your ATARS display will automatically shutdown leaving you to rely on manual resolution of traffic conflicts. 
	2) You will have violated FAA regulations. 
	3) The probability of in-flight conflict decreases. 4) 
	3. Upon evaluating the traffic situation depicted above which aircraft is (are) the most critical threat(s)? 
	1) The aircraft at 3 o'clock. 
	~ 
	2) The aircraft at 3 o'clock and 10 o'clock. 
	3) The aircraft at 7 o'clock. 
	4) The aircraft at 10 o'clock. 
	4. Which of the following is false? 
	1) The threatening aircraft is 200 feet below you. 
	2) The threatening aircraft is climbing. 
	3) The .most threatening intruder is located at 10 o'clock. 
	4) The large "X" represents the point of closest approach. 
	-02 
	~· 
	5. Which of the following is false? 
	1) Proximate aircraft are displayed because they set limits on possible maneuvers to avoid or resolve a conflict. 
	2) Proximate aircraft are displayed because they can at any time, become a threat. 
	3) Proximate aircraft are never displayed when a critical threat appears. 
	4) Proximate aircraft advisories occur with any altitude separation of less than 2000 feet and range less than 2 nautical miles. 
	6. The symbol means:
	~· 
	1) The aircraft is ATARS equipped. 
	2) The aircraft is controlled by ATC. 
	3) The aircraft is a threat. 
	4) None of the above. 
	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. 
	A B 
	8. Upon evaluating the two separate situations above, one can conclude that: 
	1) In situation B the threatening aircraft will pass behind you. 
	2) In situation A the threatening aircraft will pass in front of you. 
	3) In both situations the altitude of the threatening air­craft is identical to yours. 
	4) In both situations the estimated point of closest ap­proach will occur in 30 seconds. 
	Given a threatening aircraft at 12 o'clock with the following pro­perties: 
	o 
	o 
	o 
	velocity is less than yours. 

	o 
	o 
	aircraft is 200 feet above you and descending. 

	o 
	o 
	range is 2 nm. 

	o 
	o 
	aircraft is turning. 


	9. Which figure will appear on your ATARS display? 
	1) 2) 3) 4) 
	A 
	Figure a Figure b Figure c Figure d 
	-%2··· t\ 
	c 

	10. 
	10. 
	10. 
	All 
	simultaneous 
	threats 
	will: 

	TR
	1) 
	be represented by 
	green target symbols. 

	TR
	2) 
	be 
	supplied with 
	relative 
	motion 
	lines. 

	TR
	3) 
	cause 
	a 
	resolution 
	advisory 
	to 
	be 
	displayed. 

	TR
	4) 
	be 
	represented by 
	a 
	red '?1 • 


	B-14 
	11. A resolution advisory will: 
	1} occur several minutes before the time of closest ap­proach. 
	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. 
	12. 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 identified as threatening. 
	-

	3} defines a range of 2 nautical miles. 
	4} defines the advisory picture area. 
	13. 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 bear­ing 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 appro­priate bearing and at the edge of the picture area. 
	14. Which symbol within the advisory picture area provides a graphic display of threatening traffic? 
	1) a green '.!fl' 
	2) a yellow asterisk 
	3) a red 'T' 
	4) a red 
	·~· 
	B-15 
	15. 
	15. 
	15. 
	When 
	a 
	red 
	'+02' 
	symbol 
	appears 
	next 
	to 
	a 
	traffic 
	symbol: 

	TR
	1) 
	a 
	threatening 
	aircraft is located 200 
	feet 
	below 
	you. 

	TR
	2) 
	a 
	proximate 
	aircraft is iocated 200 
	feet 
	below 
	you. 

	TR
	3) 
	a 
	threatening 
	aircraft is 
	located 20 
	feet 
	above 
	you. 

	TR
	4) 
	a 
	threatening 
	aircraft .is 
	located 200 
	feet 
	above you•. 


	16. An up <f> or down (~) arrow is displayed next to the alti­tude information to tell you: 
	· 1) whether your separation from the aircraft is increas­ing or decreasing. 
	2) the direction of vertical movement of a threatening aircraft. 
	3) the predicted point of closest approach. 
	4) the direction of vertical movement of proximate or threatening aircraft. 
	For questions 17, 18, and 19, refer to the Figure below. 
	RIGHT NO CLI 
	17. The symbol which depicts the present position of your plane is: 
	1) 
	'!.f' 
	2) "+04 3) 
	j*, 
	j*, 
	II 

	FAA WJH Technical Center libra 
	4) IIIII/IIIIII1!111IIIII /III/IIIII IIIII /llll/ll/1111 ry 
	'7' 

	00027231* 
	18. The predicted point of closest approach of the threat ±s: repre­sented by: 
	1) * 
	2) Right NO CLI 
	3) 'X' 
	4) '-If 
	19. The symbol that depicts a threatening aircraft, its relative motion, course, and point of closest approach is: 
	1) LJ.I 
	2) +04 
	:: \' 
	20. 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. 






Accessibility Report





		Filename: 

		ct82-100-89lr_REM.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 2



		Passed: 25



		Failed: 3







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Skipped		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Skipped		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Failed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Failed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Failed		Appropriate nesting










Back to Top

