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PREFACE
 

This report documents one of a series of sturlies h~inq conrlucterl ~o dpve10p 

and implement an eff~ctive collision ovoidance system. Thp primary purpose of 

this study was to investiqate the mpthods of presentinq thp system information 

to the crew and make recommendations concerninq th~ rlisolay systpm. This 
volume provides the results of the study and a candirlate rlisplay system 

concept. 

The authors wish to express appreciation to the many pilots who participated 

in the tests anrl to the various orq~niz~tions and comoanies which pprmitterl 

the participation; FAA, NASA, Bo~inq, Am~rican Airlines, R~puhlic Airlines, 

United Airlines, U. S. Air, and Western Airlines. Thp contract sponsor is the 

Federal Aviation Administration, and technical quirlance was nrovirled by Mr. 
Richard Weiss, APM-4~n, the contract monitor. 

iii & iv 





TARLE OF cnMTENTS 

P.I\~E 

l.n INTRODUCTION ANn RACKGR01.lNO 1. 

1.1 Rpport Oroanization 

2 •n EXEC UTI VE S1J~1~/1ARY 

?1 Proqram R~ckqrounrl 

2.2 Development~l Simulation T~stino 

2.1 Canrlirl~tp System Dpscrintion 
2.4 Follow-on Vprification anrl Evaluation 

1.n TEST FACILITY 11 

4.n OEVELf)Pf,1ENTAL SI~ULATION - TEST DESCRIPTION AND RESIJLT<; 11 

1'~4.] Test Objectivps 
4.2 Experiment~l nesiQn l4 

4.2.1 Test Oesion 1~· 
4.2.2 Intrudpr Fliqht P~th ?4 
4.?~ Simulation TCAS Looic 14 

4.1 Pilot Samnlp ?f) 

4.11 Crpw Tfi~ks 2f; 
4.4.1 Fliqht T~~k Ih 
4.4.2 Systpm Alprt Rpsnonsp T~sks ?q 

4.4.3 TeAS Alert R~spons~ T~sk ~S 

4.~ Test Proce~urps 1~ 

4. n ~1easurpment. Techni q'Je 4? 
4.f'.1 Performance Me(lsur~s 4? 
4.6.2 Subjective Measures 4? 

4.7 nata Redu~t;on anrl Analysis 411 
4.7.1 Exoerimental Hvonthesis 11f:\ 

4.R Test Results ItR 
4.R.1 Detection Tim~s 4.q 

4.~.2 Response Times 4q 
4.R.3 Misserl Alprts and Incorrpct Responses ~5 

1I~.R.4 Pilot Input • ~I) 

5.0 OISCUSSION AND CONCLlISlnNS 

6.0 TeAS CANDIDATE SYSTEM DESCRIPTION f;Q 

0.1 SystPffl Oesiqn Obj~ctives f\Q 
6.2 TCAS OisDl~y Confiqur~tion hQ 

6.2.1 Master Alerts 71 
6.2.2 R~solution Arlvisory Ois01Rys 711 
n.2.3 Traffic Information D;spl~y 7h 

6.3 Follow-on VerifiCflt;on anrl E\I~lu(lt;on 77 

REFERENCES 70 

BIBLIOGRAPHY Rl 
APPENnIX A TEST FACIL1Tl~S A-l 
APP~NOIX B PILOT TRAINTNG CHECKLIST R-l 
APPENDIX C POST FLIGHT ()1JESTI0~INAIRE (-1 
APPENDIX n DEBRIEFING OUESTlnNNAIRE 0-1 

v 



FIGURE NO: 

l.n-l 

3.0-1 

4.2.1-1 
4.2.1-2 
4.?1-3 
4.2.1-4 
4.2.1-~ 

4.2.1-6 
4.2.1-7 
4.2.1-R 
4.2.2-1 
4.4.1-1 
4.4.1-2 
4.4.1-3 
4.4.~-l 

4.4.1-1 

4.R.1-1 

4.8.1-2 
4.8.2-1 

4.R.2-? 

4.A.4-1 
4.A.4-2 

5.0-1 

f;.2.l-1 

A.O-l 
A.l-l 
A.l.1-1 
A.2.1-2 
A.2-1 
A.?l-l 
A.2.1-1 
A.2.3-? 
A.2.3-3 
A.2.4-I 

,l\.?4-~ 

A.3.1-1 
.L\ .1. 1-2 
A.3.2-1 
A.3.3-1 
A.3.3-2 

LIST OF FIGURES 

TITLE 

Guirlelines for StannflrrlizinQ AlprtinQ 
Functions ano Methorls 

Kent Visual Flioht SimulAtion Centpr 

Developmental Simulation Test DesiQn 
TeAS Alertina System 
IVSI Comman~ Oisplay for Simulation Test~ 

n~vplnpmental Simulation LEO Oisolay Formats 
Tahular Traffic Disp1ay - Without 8p~rinQ 

Tabular Tr~ffic nisplay - With R~ar;nq 
Currently Used Graohic Fomat 
Arlvancpn Graphic Format 
Intrusion Scen~rios 

FliQnt Deck 
Developmental Simulation F1 iqht Path 
Visual Fliqtlt. Toke-off 
Pilo~'s Response Pan~l 

TeAS Resolution Arlvisory Alerts ~nrl Ex~mple 

IVSI Prpspntation 
Initial Optpction Timp as a Fun~tion of Alprt 
Display 
Alert n~tption Timp - TA nisplay 
A Comparison of Response an~ Detection Times as a 
Function of the Traffic Oisolay 
Comoarison of Response ~nd D~tection Times as a 
Function of the R~solution Advisory DisDl~y 
Pilot Opinion ConcprninQ the TA nisplay Usefulness 
Pilot Opini0n Concerninq the RA Oisplay Clarity 

Typic(ll Response Times as a Function of Display Type 

Recommenrl~rl Placement of Visual SiQnals 

Kent Visu~l FliQ~t Simulation C~nter 

Sine View of Blue Can 
Blue Cah Front Pane' L~yout 

Internal View of Blue C~b 

CAS Simulati(}n Equipment Layollt 
A~visory M~ssaqe Byte Definition 
TCAS Audio-Visufll (TAV) lJnit 
TAV Front Pan~l L~yout 

Block Diaor~m of LED TCAS Display 
Block Diaqr~m of FAA-Supn1iprl Airhornp Tntpl1iqpnt 
Display (AID) System 
AIO Message Byte Oefintion 
Aurlio EquipmAnt Alock Diaoram 
Aud; 0 EqlJi pment Rftcl( Layout. 
Video System Layout 
Master Conductor Console Li!yout 
System Slock Diaaram for Master Control Console 
Bus Interface 

vi 

PAGE 

4 

J? 

1~ 

17 •
JA
 
lQ
 
??
 
??
 
?1
 
~~ 

?5
 
?Q
 
1n
 
11
 
1h
 

17 

~l 

~2 

S4 

'iFi 
~q 

n? 

67 

72 

A-1
 
A-4
 
A-n
 
A-7
 
A-q 

A-II 
A-14 
A-l~ 
A-IR 

A-1Q 
A-?n 
A-?? 
A-?1 
A-?~ 

A-27 

A-?R 



TABLE MO. 

4.1-1 
Ll.4.1-1 
4.4.?-1 

4.~-1. 

4.5-2 
4.7-1 

4.R.l-1 
4.A.~-1. 

A.2.1-1 

A.?l-? 

1\.2.3-1 

..
 

LlST ()F TABLES 

TITLE 

SlJmmtJry of Pilot Exper;pnc:p 
ATe COllJ1llJn;crl+inn 
nper~t;onal ann Syste~s Con~i~inn for Alprts 
anrl Thp;r Asso~i~te~ Responsp 
Ranno~ Trpatmpnt Ass;qnments 
Da;ly Test Schpnule 
Srlmpl p of Ann' ys; s of V~ r; rlnC:A ~1orlp' ann Summrlr.v 
T~hlp for ~ F~~tori~l Experimpnt wit~ Rpo~ntprl 

Me(lsLJr~s on Some of t.hp Frlr:tors 
ANOVA Surrrnrlry Trlblp for Tnitirll n~t.prt.ion Timp 
ANOVA Summary Tahl~ for R~sponse Times 
Summnry of Host-tn-BEll Simulation Unit. Messaop 
Form~t:s 

Definition of Parnllel n~t~ Sent to IVSI anrl 
TAV h'y ~~i croNova 
Voi ce Vocabul ary List. 

PAGE 

?7 
1? 

A-ln 

A-l?
 
A-17
 

vii 



ADI 
AID 
ALPA 
ANnvA 
APA 
ARP 
ASA 
ATA 
ATC 
RCAS 
BEU 
CAS 

X2 

CRT 
riB 
rlf 
n~'1E 

EAnI 
EHSI 
FA/\ 
fpm 
ft-L 
G 
HST 
HUn 
Hz 
lAS 
TFR 
ILS 
IMC: 
IVSI 
KIAS 
LED 
MCC 
ml 
msec 
t~SL 

NASA 
nmi 
PA 
PROr.1 
PWI 
r 
RA 
RAM 
SAE 
sin 
SIN 
TA 
TAV 
TCA 
TeAS 
VFR 
V~1C 

LIST OF ABRREVIATIONS 

A~t;turle nirpctor In~icator 

Airhornp Inte'1iQent Oisolay 
Air';~~ Pilots Associntion 
An~'ysi~ of V~ri~ncp 
A"ipo Pilots Assoc;~t;on 

Aprospacp Recommenrlerl Pr~ct;~p 

A; rcr~ft. Spoarrlt.i on Assurancp 
Air Tr~nsport Associntion 
Air Traffic Control 
Reacon C~ll;s;on Avo;nRnce System 
8CAS Exoeri~enta' Unit • 
Collision AV0irlancp SYstem 

Chi-saunrert 
Cot~nrlp R~y Tuop 
npcihel 
DpQrpps of Freerlnm 
nist(lnc~ Mp~sur;na Eouinmpnt: 
Ele(tronic Attitude Dirpctor Tn~;c~tor 

El~~tronic Horizontal Situ~tion Tnrlic~tor 

~prleral Avi~tinn Arlmin;str~ti0n 

F~et p~r m;nut~ 

Foot.l nrnhprt. 
Grrlvit..Y 
Hor; zo,,+:n.l c:;; tUrlti on Inrlic(1tor 
Hearl-un DisnlflY 
Hertz 
Inrl;c~tprl Airsnp~rl 

lnstrumpnt F'i~ht Ru1ps 
Inst.rument Lanninq Syst.Pfn 
InstruMent Mpt.eoroloqical Conditions 
Inst:antaneous Vertic~l Soe~rl Inrlicatnr 
Knots Inrlicat€rl A;rspeen 
Liqht Emittinq Dione 
Mas~er Control Console 
~1 i 11 i 1amher t. 
~~; 11 ; s~ con rl 
Me~n S~a L~vel 

National Aeronautics ~nrl Space Arlmin;str~tion 

Nautical Miles 
Proximate Advisorv 
Pr00raMm~hle Rearl Only Memory 
Proximity Warninq Inrlicator 
Corr~'ation Coeffic;~nt 

Resolution Arlvisory 
Random Acc~ss Memory 
Soci ety of AIJtomoti ve EnQi n~ers 

Sine of an nnqle 
Sionnl to No;s~ Ratio 
Traffic Advisory 
TCAS Aurlio Video 
Terminal Control Aren 
Tr~ff;c Alert and Collision Avoionnce System 
Visual Fliqht Rules 
Visual Metporoloqic~l Con~it;ons 

Arithmet.ic Menf1 
viii 

X 



Ahnormal Conditions 

Arlv i sory Alert 

Caution Alert 

Developmental Simulation 

Detecti on Time 

G 

Hertz 

Intrurter 

Non-mode C Aircraft 

Operational Simulation 

Own Aircraft 

Procedure 

GLOSSARY 

Conditions or situations which require 
other than normal procedures. 

Operational or aircraft system conrlitions 
that require crew aw~reness an~ may 
reQuire crew action. 

Ahnormal op~rational or ~ircraft system 
conditions that require immediate crew 
aworeness anrl require orompt corr~ctivp 

or compensatory crew action. 

Phase 1 of the TCAS display oroqram with 
the objective of developinq minimum 
information requirements for the TCA~ II 
display syste~ ~nrl to recommend a 
canrlirlate confiquration. 

The time from alert initiation or chanqe 
of state (caution to warning until when 
the pilot indicates a recoqnition of the 
con~ition hy deoressinq the det~ction 

button. 

Acceleration eQuivalent to Qravity or 
32.2 feet per second squared. 

Unit of frequency equal to one cycle per 
second. 

An aircraft which violates thp TCAS
 
criteria and reoresents a potential
 
threat.
 

An aircraft that has a transponder but 
~as no altiturle reportinq from th~ 

transponrler. 

Phase II of the TCAS rlisplay proqram with 
the obiective of rlevelopinq and 
validatinq operational cockpit procerlures 
for a TCAS encounter. 

The subject aircraft equipperl with the 
hypothetical TCAS II system. 

Predeterminerl set of actions to he taken 
by a crewmember in a specific operAtional 
situation. Mayor may not be written ~n 

a readily accessible form (e.a., check
1i st. 

ix 



Resolution Advisory 

Response TimF! 

TAU 

TeAS I 

TeAS 11 

Time Critical Warninq 

Traffic Advisory 

Traffic Information Display 

Transponrlpr 

Unequipppd Aircraft 

A warninq level oler~ - a rlisplny inrli
cation qiven to thp oilnt r~comm~nrlino ~ 

man~uvpr to ; nc rea se seo~ rrl ti on r~' at.; VP: 
to an intru~inq ~ircrnft. Corrpctive, 
preventativp ~nrl v~rtic~' sop~rl 'imi~ 

(lrlvi sori ~s const.i t.ut:e thp rpsollJti on 
nrlvisories. 

The time from rllert initiation (RA) unt.il 
wh~n the pilot harl DPrformpn the corr~ct 

rpspons~. 

A rlerived ouantity usurll'.v pxnress~r1 in 
~ecnnrls, which r~prespnts t~e tim~ to the 
ooint of c'os~st rlooroach hptwe~n th~ own 
~ircraft anrl an intrurlpr. It is rlefined 
oS r~nnp rl;v;rl~rl by rnnqp rntp. 

A lpss soph;st;c~tprl collision ~v0irl~ncp 

systpm ~esiQnp~ prim~rily for Qeneral 
aV;fltion. 

A morp sophisticaterl system nrov;rlinq 
collision nvoid~nce cap~hilities in hiqh 
rlensity areas ann ~esiqned for larqer 
aircraft. 

Warn;no conrlition in which time to 
respono ;s extre~e'Y limiterl anrl the 
rpsponsp to the ~'ert is th~ most . 
important nction the pilot can m~ke at 
th~t sp~cif;c ti~e (e.a. arounrl 
ornxim;tv, collision avoidance, 
wintishear, etc.) 

A caution l~ve' alprt - ~ rlisplay inrli
c~tion th~t ther@ is tr~ffic in the 
;Jl1TT1erfirtte vicinint.y which coul" c~use a 
reso1 uti on rlt1vi sor.y. Thp i nformat; on 
cont.rt ins no sUQaest.prl JT1anpuv~r. 

A displ~y used to prnv;n~ thp o;lot with 
information ahout TeAS rlpfinpn intrurlpr 
ai rc ra ft. It may (11 so he usen to pr~s~n": • 
information flnout. non-tau haserl surrounrl
i nq traffi c. 

Piece of equipment on own a;rcra~t which 
when ;nterroq~t~rl hy a rarlar siqna' emits 
a corlerl reply conta;n;nq specific 
infonnat:ion about. the aircrrlft. 

An aircraft th~t has no TeAS system ond 
may or m~y not have a morle C transponrler. 

x 



Warning Alert	 Emerqency operational or aircraft system 
conditions that require immediate 
corrective or compensatory crew action. 

Workload	 A relative term inrlicatinq the amount of 
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1.0	 INTRODUCTION ANn BACKGROUND 

In mirl-19R1 the Fp.rler~l Avi~~ion Arlministration ~nnounced t~e rlet?ils oT an 

airborne-hased collision avoirl~nce system in a tp.c~nical workinq symposium 

sponsorerl by the ~qency. The Tr~ffic Alprt and Collision Avoidance Sys~em 

(TCAS) was rlescrihed in two levels of sophistic~tion. The si~Dles~ levpl, 

TeAS 1, alerts the pilot of oroximity of another aircraft with a vic;ll~l anrl/or 

;:lIIr~l	 "llert. This syst.em is rlirpctpd primarily towitrrl provirlinq s()I11e orot.pc:

tinn Tor s~3ller ~ircraft. The TCAS II syste~ on the other hitnrl is rlesiqned 

for litrqer aircraft and has it hiqher sophistication and cost. The canahilitipc; 

that have heen attrihuted to the TeAS 11 system include: 

o	 "It lAIill have the abil ity to tritnsmit to others (TCAS 1 anrj TCAS 

II equioDerl ;:lircraft) tr'lffir ildvic;ory inforrn;:ltion (ra'1qe, 

hearinq, rlifferenti~l altitude, ill)ove/helow information). 

o	 It will orovirle collision ~voiditnc:p protection inrlPPpndently from 

the Qroun'1 ATC system usinq vertical maneuvers, wit.h potentia' 

expansion to horizontal man~uvers should technical anrj economic 

feasibility be demonstrated. 

o	 Like TCAS I, it will have an inteQral tr?nsoonder c~Ditb'e of 

respondinq on Modes A, C and S. 

o	 TCAS 11 will orovirle alert and arlvisory information to ~he 

aircraft equipoed only wi~h TeAS I, while in t.he case oT two 

aircritft. equipped with TCAS Tl, coor(linated arivisories \oJolJld be 

provided." (1). 

As was oointerl out in the symposium, milch of the technoloQy associater! with 

the TCAS II system was developed under the parlier Reitcon Collision Avoinance 
• System (BCAS) proqram. The technoloqy discusser! was primarily sensor itnrl 

software based providinq a netitiled description of how the system will 

qenerate information about other aircraft. Of equal importitnce to the over'lll 

operation of the system, however, is the presentation of this information to 

the crp:w in such a ItJay +,11",+ it c(ln be 1JSpr! effec.ti vel yin ~n 0peri'lti OMl 
(Ii rcraft. 
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As WiolS nointpd out. "it is niffirult to ev~1uRt@ f?vpn A 'i.,,;t~rI arr~y Of 

rliso1ay rievic'?s in ooerationa1 ;tirr;raft, ann if: is simi'~r'y nifficlJ1t. t,o 
perform comprphpnsivp worklo~rl 8na1vses s;n~~ thp v~r;ety of f1iQht scen~rios 

is necessarily' ;"",i1:ert t,y safety cons;nerAtions." It. was t"er~f'lre 0' ~nnp~ to 

anS\-1er t"~SP ouestions ;n simu1Rtor studi~s. 

In Auausi: 1QA1, 't.l,p Roe; nQ COll1Tlerc; (11 Airn' ane COJTIn~ny, Crpw 'ystP"1S GrOUD w~s 

aw~rrlerl a contrnct hy th~ FAA for th~ ouroose of assistino in the d~tprm;n~

t ion of+"1 i qht rl ec k rf i 5 0 1 ny r ~ aII ; r ~fT1 ent s f nr 0 per at i f) n (t 1 i fl1 D1 ~f11 ~ nt. ~ t. ; 0 n () f 1': l, p 

TeAS IT systp~ ;~ co~merc;~' tr~nsport ~;rcr~ft. Tn~ orOQrnm ;s ~ two p~nSP 

pffort, t~e DeV~'I')Dment~' Simulation rlnrf th~ npprat.ionn1 Simul~tio.,. Thp 

firs~ phas~ comhine~ a number of r~so'ution a~visnrv as we" ~s traffic 

arlvi sory ·1i spl ~y conceots wi th an i ntpqrat:erl crpw al erti nq SYS+Pfll to hE' pva'tJ

a~ed for e~fpctivenpss hV Gov~rnmpnt, inrlustry ~nrl 'in~ pilots. Thp ~pcnnrl 

phase will hrlve nrimrtr;ly linp qlJnlifiprl f 1 iqht r:rews ~xprcisp th~ TeAS TT 

system in rl fully certifip(j ooerrltional t.r~nsDort. t,rrt;nino simulator in nrc1pr 

to rletprmin~ tne proppr iJ{)prflf:inQ orocpr1lJrps, irlpt1tify YJorklf)(lrl imonr't:, 

Vnl;dat~ t~e rlisolay sYstem ~nrl in opnernl oive thp system an onprat;on~' 

lI sh;Jk:erlown" pY';or to ~n~~r;n(] tn~ Tr:A~ nneri=l'tiOflt:ll ~valt.l~t:i()n f1iQI,t t~s~ 

phas~. 

S;nc~ the transf~r of informat.ion to 1:hp cr~w in rl ti!'1P1 y l'\1~nnpr ~nOlJt ;,n 
abnorrn~l situation is th~ d~fin;t;on of an alert, thp cornerston~ of nny 

rlisplny concept for TeAS s~ould he tre vo'unt~rv Quidplines on alprt i nQ 
systems issued hy the FAA in l~Pl (~). Th~sp ou;rlpl;nps wprp ~ ~ul~;n~tion 0f 

sev~~ yenrs of rpsparc~ sonnsor~d ~y thp FAA ~nrl rlirecterl towarrl th~ i~prove

ment and stanrl~rrli zati on of fl i qht rleck r1l prt,i nq ~'y~Tpn,c;. Thi S work "~flrln hy 

stuoyinq conceot:s for rln ;nrlpot?nrlent ~1titur1~ monit.or (q) for thp rprtl.l(':tion of 

inarlvertent ~err~in imprtct nlerts. It w~s then exp~nrl~rl ~n ~nns;rlpr thp 

~'ertinq prohle~ as ~ w~olp anrl to look at conv~ntinn~l fliqht rlp~k a1prtino 

methorls. The finninQs from these studies (1,4,~' rpvp~lprl th~~ thpre harl nppn 

a s;qnificrlnt. ;ncreflse ;n tne ~motJnt nf informatinn b~inq prpspntp~ t.o thp 

crew anrl that very littl~ effort han hee~ pxo~nrlpn in (lttpmptina to 

st~ndard;zp t~is informrltion. Pilot5 werp v;pw;na crew a1ertinq as (l nlJ;SC',nce 

rathpr th~n rl h~'p. In i3 lQ77 r~Dort: (f)) Cooper st:~t.pr1 th~": II crlu +;nn anrl 

warning systems wer~ oriqi na'ly inst~"An ~s a rpason~hlp ~~~ns of assistinn 

pilots to m~;nt~in s~f~, rpl;ahlp, pconomical sys~pm onpr~tion in th~ f~cp of 
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hiqh workloarls. How~ver, thps~ systems, intenrlerl to rerluce hazarrls, i'lr~ 

themselv~s becominq hazards. The vast ini.rease in the numher of alerts ann 

the frequent occurrence of false or nuisance alerts impose h~avy rlemands on 

the airc.rew. Mor~ alerts require more memorila~ion, hia~er workloarls, an~ 

coulrl inrluce a hiqher prob?hi1ity of error." 

The al ert.i ng systefTI qui rlel i n",s which ",er~ prorluc"rf t.hrollqh ~ .ioi nt effort !)y 

t~e Boeinq, Lockhe~rl and McOonnell Douql~S Aircraft Companies, rlescrihe in 

det.ail the recommenrlations for presentat.ion of alerts of any uroencv (see 

Fiqure 1.0-1). From the research conrlucterl rlurina this pronram a set of 
warninq level alerts were irlpntifierl t.hat were rlefinerl as "time-critical." 

The report (2) rlescrihes the alertina methorls and merlia for presentinq the 
time-critical warninqs. Tl,is r1i'lta is relevant to the nresent pronri'lm hecause 

one of the warninas identifierl as fittina into the time-critical catenory was 

the collision avoirlance alert. Therefore, in selectinq the rlisp'ay ch~racter

istics to he testen in the nevelopmental si~ula+ion it was necessarv to review 

the crew alertinq nat~ hase anrl selec~ those characteristics most li~ely to 

provirle the most effective infomation tril'1S fer. TI,,,. literilture, ~est results 

ann pilot's sUb.iective input were user! to irfe'1tify thp cfln r1 irfat.e TCA" 1I 

rli spl ay concept. 

1. J Report nrqani zati on 

Sect.ion ~ of this report contains an executive summary of the ma.ior activities 

anrl findinqs of the Oevelopmental Simulation testino effort. A aenera' 

rlescription of the test: fac.ility is presenterl in Sei.tion 1. The methor!olooy, 

equipment., and results of the test.ina are rliscllsserl in Section 4. Discussions 

of the maior finrlinqs anrl the conclusions rlrawn from these rlata may he f0unrl
• 

in Section 5 anrl Section 6 describes the objectives of the next study ohase. 

The Appendices at the enri of this report ~escrihe in detail the test facility. 

Also included are the questionnaire that were used to obtain pilot inollt for 
incorpor~tion into the nisplay concept. 
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Condition Criteria 
Alert system characteristics 

Visual Aural Tactile 

Warning 

Caution 

Advisory 

Information 

Emergency operational or aircraft 
system conditions that require 
immediate corrective or 
compensatory crew action 

Abnormal operational or aircraft 
system conditions that require 
immediate crew awareness and 
require prompt corrective or 
compensatory crew action 

Operational or aircraft system 
conditions that require crew 
awareness and may require 
crew action 

Operational or aircraft system 
conditions that require cockpit 
indications, but not necessarily 
as part of the integrated 
warning system 

Master visual (red) 
plus centrally located 
alphanumeric 
readout (red) 

Master visual (amber) 
plus centrally located 
alphanumeric 
readout 
(amber) 

Centrally located 
alphanumeric 
readout 
(unique color) 

Discrete indication 
(green and white) 

Unique 
attention-
getting 
warning 
sound 
plus voice* 

Unique 
attention-
getting 
caution 
sound 
plus voice* 

Unique 
attention-
getting 
advisory 
sound 
None 

Stick 
shaker 
(if 
required) 

None 

None 

None 

*Voice is pilot selectable. 

Figure 1.0-1. Guidelines for Standardizing Alerting Functions and Methods 
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?n EXECUTIVE SUMMARY 

2.1 Prnqram Rackqrounrl 

In Auqust lORl Thp Roeinq Commercial Airolane Comoany beqan a nrooram spon

sorerl by thp FAA for the purnose of assistinq in th~ rl~termination of fliq~t 

rleck display requirements anrl operation~l proc~rlures for the implementation of 

the TCAS II s.ystem in cOOll1ercirll tr~nsoort nircr~ft. Aft.er initi;ll meetinQs 

which estahlisl,pd the ovprrlll ohjectivps, qrounrl rulps ann a sch~rlul~ of 

act.ivities, canrlirtat~ t1ispl~.y concepts for thp d~velopmpntrll simulrltion were 

formulRted. Since the collision avoirlancp situfJtion must b~ announcprl 1:0 t.he 

crew, thp work that has hppn rlonp in crew nlertinq w~s userl as ~ h~sis for 

selection of disolay charnctpristics, format, location ~nrl comhin~tions. Thp 

resolution advisory w~s classifierl as ~ time-critical alprt nnrl trentprl ~s 

surh when identifyinq prpspntation mpthods anrl inform~tion cont~nts. 

Reference material was pstahlished anrl ~isDlay comhinations irlentifierl. 

The major objectives of th~ rJevelopmentfll simulatinn were: to eva'LJ~t~ the 

alerting effectiveness of thp cannirlatp TeAS rlisnlay system concents; to 

evalunte displrtY sophistic~tion wit., respect tf) rliffprent: levels of f1iqht 

deck sophistication; to npt~nnine thp \firthility of includinQ a caution '~vel 

alert known ~s a traffic advisory (TA) prior to presentino thp resolution 

odvisory (RA): to identify t.he minimum infonllotion rpquir~fT1pnts for the RA anrl 

TA; rlnd to recommpnd a TC~S d;sDl~y CO.,cppt: to I)~ usert in futur~ testinQ 

phas~s. 

?2 n~velopmental Simulation Tes1:inq 

The TCAS displays an~ ~ rudimentary spt of aloorit~ms were imDlprnen~~~ in th~ 

Visual Fliqht Simulation Facility. Thirt.p~n qualifi~rl 'tr;,nsport pilots with 

an averaae of q,lOO hours flioht pxperipncp, participatpd in th~ t.~st. E~ch 

flew fifteen test fliqhts of thirty-one minutAs in lenqth ~nn w~s nrpsentprl ~ 

total of ?25 alertinq situat.ion~. 
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To simulate rt f1iqht (1pck environment and work oattern, a r~(l'istic aircrrlft 

mod~ was used for ~he hasic f1yinQ task. In ad~ition, thp oilots were 

r~Quir~rl to fly a prescrih~rl fliQht plan (takeoff, cliMn, cru;s~, rl~scpnt ~nrl 

lanrlinQs), responn to ATC rlirectives, lo~atp and report troffic in the 

pxternal visual scene ~nrl responrl to the alerts. 

The vari~hles investiqat~rl in the test inclurle: 

o	 Resolution J\rlvisory Display - I\1S1 olus voicp, LED olus voicp, or 

voice alonp. 

o	 Traffic Arlvisory nisp1ay - none, T~AS liqht, CRT tRhu'ar wit~ou~ 

h~arinq, ~RT t~nular with hearinq, CRT current Qraphic or CRT 

arlvanc~rl qr~phics. 

o	 P~rcent of pncoun~ers not oroc~~~ino ~o a resolution arlvisory - In% 
or 5'1% 

The results of this test are summarize" helow ann rlescrih~rf in (fpta;l in 

Section 4. 

Since	 any collision avoidanc~ w~rninQ (R~) Cnn he opfinprl a5 a ti~p-critic~l 

alprt, thp prim~ry rlp~iqn concerns when consirlprina the ni5pl~y system to b~ 

IJsen arp the spe~rt ann accuracy of the response. Tnp time taken h.y th~ pi lots 

to detect an alert or a ch~nqp in the urqency lpv~l of an ~l~rt is rl;rectly 

rplaterl to the time t~ken to responn to ~he alerts. Of the t~rp~ bnsic alert 

comninations, th~ initial netection of a re~ liQnt in the or;mary f;~'rl of 

view ann a warn;nq sounrl (siren) w~s sianificantly fnster than an ambpr lioht 

in the primary field of view ~nrl ~n arlvisory sound (chime) whi~h was, in turn, 

s;Qnif;can~ly fast~r than a CRT presentation in the spconrlnry fiplrl of view 
ann an advisory sound (chime). Thps~ finninqs sUQQest th~t the mast~r liqht 

in the nrimary fielrl of view ooes ~;~ rlptection but more import~nt is the type 

of sound userl for the mastpr fturrtl. Detecti nQ a chrtnae ; n urqency 1evel is 

also dep~nrlent on the rllerf:inQ sequence. The resolution rlrlvisory (wrlrninq) 

was det~cte~ f~stest when it was pr~cederl by the c~ution level TeAS lioht. 

This detection time was siqnificantly shortpr than the time whpn therp was no 

caution at all ann thp timp ohta.inerl usinq thp CRT for the caution rllprts. No 

lll~asurClh'e diff~rence was founrl hetween the lotter two conditions. 
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The performance rlata innicntes that both the preliminary alert (caution) in

formation anrl t~e time-critical display have an effect on thp responsp to the 

resolution advisory (warninq). A rlirect relationship w~s foun~ hptween 

r~sponse time an~ rletection time. Th~ lonoer it took a pilot to rletect thp 

resol uti on artvi sory the slower the response perfonnance. The tyPP of 

resolution arlvisory display used also had an eff~ct on oer-Formilncp. The 
morlified IVSI rlisplay comhin~d with a voicp alert resulterl in the fastpst 

responses and th~ voice display whe~ usprl alone rpsulterl in the slowest. 

Even thouqh system reliahility W(tS not. ~. specific variahl~ in the oh.;ectivp 

test, when questioneo ahout t.he implpmentation of TeAS (see rlebripfino 

questionnaire Apnenoix D) sevpnty-five percent of the pilots tested felt th~t 

the system should he requirerl on aircraft as soon ~s it can he rlpmonstr~tprl to 

l1 p rform rel i "bl y. Thi S opi ni on was not, hrlsert sol el y on the confi qurrtti on usprl 

in testinq sincp seventy-five perc~nt (not necessarily th~ same nilnts as 

above) of thp pilots wpr~ famili~r with TeAS before participatina. in the test. 

This interest in system reliability was pxpressed in the answers to a numhpr 

of other questions. 

With respect to the maior system components, (master alerts, traffic 

advisories, anrl resolution advisories) th~ pilots had the followina 00;nion5: 

o Master Alerts 

Both master aural anti master visual nlerts sl,oul rf he uspn to net 

the crew·s attention unner all conditions. 

Three lpvels nf tau-hnserl alerts wer~ too m~ny ann two lev~ls 

wer~ recommenrled, caution (TA) ~nn warnina (RA). 

o Tr~ff;c Arlvisory 

All the pilots felt that some forM of caution alert WflS neerlerl 

Opinion was split hetwepn usinQ ~ TeAS liqht or a CRT traffic 

information display for the caution l~vel information (TA). 
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Aft~r p~ch pilot h~rl userl thp CPT tr~ffic rl;spl~y in qfi 

~ncounters, sixty-s~ven p~rc~nt rpsponrtec1 to a QIJf\~tion con
cernino its Affect on outsirle visual SCrln hy inrlic"t.ina t.hrl't: 

pi lots wi th an automat~d tr~ffi C arlvi sory rli spl (t.Y caul r1 h~comp 

complacent in scannina eso~cia'ly for non-tr~nsponrler eQuipDPO 

aircraft. Sincp thp t.est had no intrurlers without transnonrlers, 

the b~sis of this concern lies in the oilots' ooerational experi

pncp ~nrl possibly on the newnes~ of the disol~V. Howpver, it 

dops point to an aren for furthpr testinQ. 

If n CRT traffic information rlisolay is inclurlpo ~s p~rt of thp 

syst~m, it sl,oulr1 present thA information Qrftohicrt".Y usinQ color 

for urqency level. It shoul" display no more thrtn 3 ~ircr(lft 

s i f11 u, ta neo us, y • Tr a f f; c presen t erl 0 n t.he disp, ay sh0 u' rt ; n~ 1urf p 

bearino nato, horizontal separation (hoth ranQe ~nrl tim~) ~nrl 

nltitude relativp to thp own ~ircr~ft. 

o Resolution Advisory 

Ninety-two DPrcent of the pilot~ liste~ corre~tive quirlanc~· 

alprts (climb/rlescent) ~s A necess~ry portion of TeAS. Sincp no 

pr~vent;ve ~lerts (rlon1t climb/don1t rl~scen~) werp te~terl in the 

simu1flt.ion, the pilots were l~ss sure thfl't: t"~s~ snoul ri he 

includerl as a necpssary part ~f the systpm. 

An ~rrow was selectprl as the appropr;~tp methorl for prpspntinq 

climh anrl rlescenrl Quidance. 

Vertic~l speed shoulrl be included on t~e resolution ~~visory 

display. 

B~rs or indexes associaterl with the ver~ical sD~e~ should be used 

to inlpose 1irni ts . 

The modified IVSI was the rlisnlay of choicp for thp pilots 
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2.1 Candidate System Oescrip~ion 

The	 final effort of th~ dev~lopment~l simulation was the recommenrl~tion of ~ 

traffic and resolution arlvisory display combination ann component chnra~tpr

istics of the oisplays for the suhsequent p~ases of t~p proor~m anrl fliQht 

verification. Because the objective of TeAS rlisolays is to opt th~ crew's 

attenti on ann prov; dp them wi t.h i nform;rf':i on, thp recommenrlerl confi qurat.i on 

closely fo'low~rl the qui~elines spt forth hy the FAA for the st~ndardiza~ion 

of crew alprtinq syst~ms. 

S;ncp th~ TeAS information can be classifi~rl ~s ~'erts, t~~ nisolays shoul~ 

perfonn thp funct.i ons attributed to the al erti nQ syst.€lm whi ch are: 

o	 Attract the attention of the crpw nnd rlirect that attention to thp 

alertina condition so t.hat corrpctive ~ction can he taken. 

o	 Inform the flioht crew of the loc~tion and nature of the alertinq 

condit.ion. Suffici~nt information shoulrl be provit1et1 to ~n(lhle t.he 

crew to initiatp timely, corrective ac~ion. 

o	 Provioe the crew feedback on the arlequacy of their correctivp action. 

o	 Provirle the crew wit~ a mechan;sm(s) to control the system to enahle 

thpm to assess aircraft status quickly, and to identify n~w ~lerts. 

Thp need for erlch of thps~ functionc; was irlpntifierl hy Coooer (f)), Bouc~k, 

Erickson, Bprson, Hanson, Leffl~r, and Po-C~prll~y (R), anrl in ARP-4~nn (In). 

The manner in which these hasic functions arp implpmenten will rfpter01inp thp 

effectiven~ss of the alertinQ syst.em. ARP-4~On st.rltps t.hat "saf~t.y of flioht 

i s qreatl y enhanced h.y an al erti nq system desi Qned to orov; ri~ earl.y crpw 

recoonition of fliaht crew operation~' prror, ~s wpll as ~ircr~ft system or 

comoonent status or malfunctions". For ~xamDle, t.he systpm shoulrl at.triJct thp 

crew's attention to rln alertinQ situation, hut should not he so oisrup't;ve 

that it rleqrarles other crew ta~k perform~n~p, information procpssinq, or t"e 

necision-makinq required to,take corrpctiv~ actions. The Quinelines for 

rlesiqning these basic functions arp rlescriherl in the Aircraft Alertinq Systems 

Stanrlardization Study (2). 
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To accomplish thpse funct10ns i:he fo"owinQ components shou1rt h~ provirtert: 

o Traffic Advisory 

A unique sounrl anrl amh~r liqht on the alaresnieln shoulrl hp use~ ~s ~ 

caution lpv~l intiicAtion. 

o R~solut;on Advisory 

A unique warninq sound anrl rerl liqht on thp ql~reshi~lrl shoulrl 

be uspd to attract the crew's attention. 

Visual resolution advisory c1isolay provirlinQ quirlancp u~;nq 

arrows for ver1:ical maneuvers anti indexes associ~t:ed wit., 

vertical spe~rl for limits. 

Vo;c~ alert with information pquivalent to the visual rlisplay 

anrl continuous until cancellerl. 

o Traffic Information Disnlay 

Before a CRT nisplay can h~ rpcommpn~erl ~s a necpssary syst~m 

compon~nt, furt.ner t~sti nq shaul rl he canr1ucterl wi t:h the traffi c 

information rlispl~y' to assps~ its imoact on system oper~tion. 

Display should orovirle a color coned (hy alert levpl) aranhic 

prpsentation of the t.rttffic ;nform(1tion inclurlinq at le()st 

bearinQ, alt:iturte, horizont.~' SPpilrfltion ann vprt.icf\l r1ir~ction 

i nformat.i on • 

~.4 Follow-on Verification ~nrl Evaluation 

Phase II of thp study, the Ope~ationa' Simul~tion, will i~plement t~e concept 

TeAS II display system in simula+;on hnrrlwarp ann ins~~11 it into ~ motion 
base cab with full npprRtional capability. The aporooriat~ TeAS softwar~ will 
he ;mplement~d to provid~ finelity to ~he alertinq situations anrl to make the 

finrlinqs more qeneralizah'~ to actual operations. 
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3.0 TEST FACILITY 

The various study requirements dictat~rl the use of a f~c;lity in whi~h a 

fliqht deck sys~pm cou'~ be inteqrated, teste~ anrl ~v~luaterl in a s;mu'at~rl 

~nvironment. This facility consists essentially of a QPn~ric c~h that serves 

as an "operational breaoboard" to facilitate the rl~\!~lopm~nt: of fliq~t rlecl( 

system concepts, functional capAhilities, anrl intprfacp fp~tures. Proposed 

syst~ms, system chanq~s, ~nd alternative mechanizations can he evalu~terl anrl 

demonstrated in such a facility. It ~lso provides a flexihlp experiment~l 

simulation laboratory tnot Allows for e~sy introrluc~ion of npw harrlware ann 

chanq~ to the fliqht deck sys~em confiQuration. Svst~m software is modulnriz

erl to facilitate chanqe; int~rface equipment is flexihlp and thus allows for 

wi~e v~ripties of enqineerinq rlevelopmpnta1 evaluations. Thpsp ~lements have 

he~n des;Qned into the Boeinq Company Kent Fliqht Simulation Cpnter. See 

FiQures 3.0-1 for an illustration of these facilities. For more dptailpd 

descriptions refer to Appendix A. 
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Figure 3.0.1. Kent Visual Flight Simulation Center 
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4.0 nEVELOP~1ENTAL ST~1ULATI()N - TE<;T nESCRIPTTON ANn REC;lILTS 

T~e pri~~ry purpos~ of the Dpv~loomental Simulation ~estino p~as~ W~~ to 

PV (), Uri te thp TeAS i nformflti on reau i rempnts anrl rlev~' op a s~t of flJnr+.i ()n~ 1 

recommendations for the npcessary ~isplays. The followinQ spc~inns will 

1escrib~ in rletail the simulation tpst oerformerl to ach;~ve thes~ oo~ls anrl 

the result.s obtained. 

4.1 T~st Ohj~ctivps 

The TeAS dpvp'opment~' tpst was rlpsion~d to evaluatp information or~spntotion 

on both the Resolution Arlvisory (RA) ~isplay ann thp traffic anvisory (TA) 

tii SOl ay rlnd i rlpnti fy fl1; nimufll i nformati on recofllmenrlati ons. Thp tpst. \-Ias 

desiqn~rl to examin~ the followin~ expprimpnt~l questions concprninq the 

prespntation of TeAS inform~tion: 

1.	 Does n cau~ion lpvel alert have ~ny pffect on th~ response oerformance 

to the resolution advisory? 

I.	 How much information is needed to make a caution level ~lprt effectivp? 

3.	 Is tt,ere any difference in 1:h~ use of the i:.raffir: informntion (1isplrty 

when the alerts arp prpsentprl Qr~nh;c~l'y or ~'nh~-numpric~'ly? 

4.	 Does the res pon s~ to t.hp rec:;o1U+. ion rl rl" i sory c '1il nqe rl s a funct. i on of 

different disolay comhinations and formats? 

s.	 Does the ~ypP of reso'u~ion advisory ~isplav have an effpct on resnonse 

performance? 

o.	 Can the pilots use the information on the trafTi~ display ~0 antic;p~t~ 

the r~solution anvisory? 

7.	 Does the c~rta;nt.Y of th~ occurancp of a w~rninq have an eff~ct on 

response or rlptection oerform~ncp? 
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A.	 Is a'~rt detection affp~t~rl hy rlisn1ay combinations? 

9.	 Do thp rlisplay combinations hav~ any rliffer~nt;al effpct on t~p way ~ 

oilot responds to the nlprt? 

In.	 What information is nperlerl for t.h~ r~solut.;on arlv;50ry? 

11.	 W"rtt informa.tion woulrl thp pilot.s like to spe on th~ i':r"ffic inforlllation 
rlisplay? 

4.2 Exper;ment~l D~siqn 

4.?1 Test Desiqn 

T~~ b~sic exp~rimental rl~siQn for the rlpvelopmenta1 simul~tion was a f~ctoria' 

analyses of variance with repeated measures on at least onp of th~ variahles. 

The design of tne test wa~ cho~en to evaluate the effpctivpn~ss of rliffprpnt 

comhinrltions of TCAS displfly t.yp~s in plic;ting (In ;JCClJrfite rtnrl rrtpirl 

respons~ from the pilots. Thp t:pst conf;quriltion is presenter! in Fiqurp 

4.2.1-1. There were thrpe indeppn~ent variables for the t~st: 0) RA oisplay 

format b) TA display format anrl c) oercent of the encounters w~icr ~irl not oro

ceed to an RA. The RA ~isDlay vari~hle han thre~ levels: A modif;pn v~rtical 

sp~prl ;nrlicator comhinerl with voice, an LEn nrpsent~tion comhinprl with voi~e 

nnrl a voice pr~set1tation without. an,Y visuals. The tr~ff"ic r1isplay W~.s pre

senterl in six formats: no traffic display at ~ll, ~n amhpr TC~S lio~t, a CRT 
t.nbulrtr prpsentat.ion of thp rrtnQP rlnrl rtltiturle of thp intrurfer ~ircr(tft:, () CRT 

tilhular oresent~t;on of the ranqe, altiturl~ anrl bertr;nQ of the intrud~r anti 

two different CRT Qr~phic oresentations of the ;n~rurler position. Finrl1lv, 

the percent of the encounters which proceeded to an RA was either qn or ~n 

oercent. 

Time and resources did not p~rmit the administration of all 3n treatment 

combinations to every pilot; therefor~, thp test was ~rl~in;stprprl as il'ustrat 

prl in Fiqurp 4.?1-1 in two rlifferpnt factorial rlesions, ~ 2 x 6 (oprcpnt 
non-RA encounters x Traffic display form~t) rlpsiqn with pilots nestp~ wi~hin 

the encounter vnriable anrl a ? x 1 x 4 (percent non-RA rlisolay format x TA 
display format) des;qn, also w;~h pilots nesterl within tne encounter variahle 

and repe~ted measures on thp other variahles. 
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Figure 42.1-1. Developmental Simulation Test Design 
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Fiqure 4.2.1-2 illustrat.es the "rrRnqem~nt of the alertinq comoonents userl in 

the test. Each nisolay combination testprl consisterl of tnrPA n~~i~ ~nmpon~nt~, 

the master alerts, the trRffic alprt an~ the resolution advisory. A split 

leqend master visual ~lprt was located in the pilot's primary field of vision, 
on the q'areshi~ld. The upper half of the m~ster ~1prt was rpn and '~hp'lprl 

WARNING; +he lower half was amher anrl 'abell~rl CAUTJO~. T~e m~ster aural 
al~rts were presentprl over a derlicaterl sp~akpr locaterl to thp pilot's lpft. 

Th~ sounds used for the alert levels were consistent with those rpcommenned in 

the liter~ture (2) and can h~ described as follows: 

WARNING (RA)	 A sounrl ct,aracterized as ~ Europpan police siren. This sound 

consisted of two tones (hiqh nnn Hz onrl low 11n Hz) which 

altprnaterl h~ck	 anrl forth ~t a rate of two ~imps a seconrl. 

CAUTTON (TA)	 A stea~y soun~ cons;stinQ of two frequenci~s, 7~n Hz anrl son 
Hz. Tne sounrl was present for? seconrls and then reoeated 

ev~rv 10 seconrls until it. was cance'l~rl or the ,,1ert went away. 

ADVISORY (PA)	 A sinqle stroke chimp. A 47~ Hz tone was ore5enterl with a ~n 

milliseconds rise anrl ~ l.R seconrl decay in intensity. 

The ppak int~nsity level for the tones wer~ arliusterl to approxi~a~ely 7R rlB 

which was 8 dB above the avernqe amhient noise in the simulator. The 

siqnal-to-noise ratio was held constant by an automatic qain control. 

The traffic advisories were presenterl on either an amher TeAS liqht loca~erl on 

thp q'~rpsh;p'rl or on one of thp two CRT's located forw~rd of the throttles. 

The CRT displays presented the location of the intrurler ~ircraft eithpr in an 

alphanumeric (tabular) form or a qraphic form. 

Two rlispl.:I.Ys werp used to visually produce thp RA alprt. A vpr1':ica' speprl 

;ndic~tor which	 had bep~ morlifi~rl hy rtrlrlinQ rlirectional ~rrows anrl limit h~rs 

(See Fiqurp 4.2.1-1) w~s loc~tpd below tne ~'timeter. An LEn rlisp'ay which 
provirlerl directional and limit ~uidance hoth qraphical'y ~nrl ~lphanumer;cally 

(see F;Qure 4.(.1-4) was locat~t1 to the left of the Horizontill Sit:uation 

Indicator. A voice display was also usprl to prpsent the RA alerts. The voice 
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Figure 4.2. 1-3. I VSI Command Display for Simulation Tests 
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m~ssaqes came fran the rlerlicated al~rtinq speaker ann were prec~rled ny a n.7~ 

second presentation of the warninq sounrl. Thp voice messaqp was r~ppaterl 

until the pilot Dh~ysical'.y cance1'et1 it. or perfonnpo t:h~ corr~ct. Ol(}neUver. 

Therefore, the sequence of events that occurred for each alertina situation 

which went to an RA ;s as follows: 

TAU = 4~ ~econrts	 PA LEVEL ALFRT - Chime sounrls anrl rleopnrlinq 

on the test conditions either thp TeAS liqht 

or tne CRT ;s activate" with hl'JP corlinQ (no 
alert is Qiven at the level if it is an RA 

onl.y trial). 

TAU = 15 seconrts	 TA LEVEL ALERT - C-chord sounds m~ster 

caution or thp TeAS liaht illuminates if thp 
CRT is oAinQ us~rl the ;nfo~ation concerninQ 

the TA level intruopr turns amb~r (no al~rt 

is qiven at this lpvel if it is ~n RA only 

'trial) • 

TAU = 2~ seconds	 RA LEVEL ALERT - European siren sounrls, the 

red mastpr w~rninq liqht il1IJminat~s, t~e 

CRT (if used) inform~tion for t.he RA 
intruder chanQes red and t~e anoroor;ate RA 

rlisplays activate (rlepen~inQ on the test 

conrlition) with the Quirlancp messaqe. 

All of the variables were chos~n to eVrtluate t.~p pffpct.;veness of the system 
in alertinQ raoi~ and accurate responsps. Ther~forp, the selection of pach 

vari abl e harl as n bilS; S th~ amount ann f:,ype of ; nformati on orpspnten to the 

pilot about the intruder aircraft anrl suhs~Qupnt evasive ~ct;on. The 

ration~le for selecf:inQ the disploy tyops, display formats ann non-qA 

encounter variahles are rlescriberl nelow. 
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The traffic rlispli'ly serverl to provide the pilo~ with a caution level ~lprt 

which prepared him for the RA. The format of this "lower" level alprt is in 

aupstion. If the alert wp.re simply a "GET READY" for the RA, t.hen a liaht 

COlll rl serv,:> tl,i s purpose. If on the other hanr\ thp pi lots coul r1 use i nfOY'"la

tion ahout the location and approach of tt,e intruder t.o incrpi'lSP' their 

confinence in t.hp RA or anticioate the dirp.ction of ~hp. co~anrl manpuver ~"pn 

a more complex alert woulrl he appropriate. Therefore, each of the tri'lffic 

disolay formi'lts wpre chosen hecause they p;tht>r orovinerl mor,:> information or 

they presented the information r1ifferently. The tabular format orovidina 

~ltiturle and ran~e (Fiqure 4.2.1.~) qave the pilot SOMe indication of the 

intruder fliqht oath hut dirl not pinpoint the location. T"p arlrlition of 

hearinq information to the tahular format (FiC'!llre 4.7.1.11) c;upprlierl more 

i nforPlat.i 0n to tl,e oi lot, but that i nformati on harl to he i'lcc::uri'ltpl y convert,erl 

to i'l sO'ltial represent.Cltion. The two araphic formats (Fiqllrps 4.2.1-7 ;'Inri _A) 

presenterl this informfltion, anrl also prl)\firlen i'lt lefls t 'I phn view Of t."e 

spi'ltial relationship. Finally, a recorrlprl '/e>rsior of ATC traffic: i'lrl\fisories 

were pr,:>senterl on one fliqh~ for P.i'lC h pilot to provirle i'I haseline conrlition in 

the test. 

The seconrl variable to be investiqatprl was the tyoe of RA oisplflY. Three 

Plethorls of presentation were investiQi'lt.erl in which the pilot must rpcei\fe the 

alert, unr1erstanrl it, anrl i'lct on it in very short oeriod of time. The(l 

modifierl IVSI had the arlvantaqe of intearatinq vertiCi'l1 quirlance with the 

instrument used to oi spl ay the verti cal sp,:>erl of the ai rcraft. Thi s i ns~ru

ment Wi'lS i'l1 so cOlTlpatih1e with currently userl instrumpnti'ltion. Thouqh the rli s

play is located in tt,e pilots' primary fielrl of vision (l~O from centerline) 

in th~ head down position, it is not when the pilot is ~ead up. Also it was 

felt that the arranqement of 1io~ts on th~ display may cause confusion, 

especially for those i'llerts which reauire a soecifiprl c1imh ra~e. The LED 

rlisp1ay presented qraphically and a1ohi'lnumerica'ly all the RA Quirlance. It 

was located on the main instrument panel, however, it could he 10caterl on the 

glareshield where it would be in the pilot's primi'l~Y field vision hath he~rl 

up An~ he~d down. Finally, the> voice rlispli'ly was not. affecterl hy the 

nirection of the pilot's vision. 
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Figure 4.2.1-5. Tabular Threat Display-Without Bearing 
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Figure 4.2.1-6. Tabular Thr8llt Display-With Bearing 
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Figure 4.2.14 7. Currently Used Graphic Format 

01: 16:08 

Note: Predictor (dashed line) is broken in three segments representing 
distances traveled in 10 sec. If the total distance is too short, then 
a solid line is used. 

Figure 4.2. 1-8. Advanced Graphic Format 
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The third variable under cons1d~ration was th~ frequ@ncy in which a thrPAt ~t 

the caution level (TA) hecame a warninq (RAl. In t"e opprationAl s~nse it is 
expected thAt because of its f'i~ht path, an aircraft cou1ri triqqer ~ t.raffic 
arlvisory and not an evasive maneuver. The Question to be answered was thR~ if 

this situation occurs often will thp pilots r~sponrt the same to the resolution 

advisories when they do occur? To Answpr tJ,p qu~s1:ion, the traffic advisories 

proqressinq to re501ution arlvisorips w~s tpsten at ei~her ~n or q0 perc~nt of 

the time. 

4.2.2 Intruder Fliqht Path 

In order to make tn~ TeAS alertinQ situations r~al;stic nnrl to orovirle a 
vari ety of rli spl ayed i nfonnati on, (l nUJT1h~r of oi ffpr~nt fl ; qht. paths werp 

~evploperl for the intrurler aircr~ft. Thesp fliaht paths c~n he cl~ssi~iprl 

into four qeneral cat.eqories (s~e Fiqurp 4.~.2.1'. Th~ first. Cflt.pqor.y 

consisted of ;ntrudprs flyinq on an intercept course with ~ rliffprpnce in 

altitude of SOO to 150n fe~t either above or below the own ~ircr~ft. This 

category was called a'titune offset. The second cateoory, known as 
lonqiturlinol offset, callp(j for the intrurlpr to fly rtt the samp altituoe as 

th~ own aircraft on a course that would toke it .25 to .~n mil~ either to the 
front or to the rear. Th~ t.hird crlt~qory crtl'~c1 for the intruder to he 

climhing or descenninq into the own ~ircraft. This mnn~uver mayor may not h~ 

accompanierl by either altitude or lonqitudinal offset. This cateqory was 

referrprl to as chanQinQ altitude fliqht paths. Finally, t~e own aircraft was 
fac~d with more than one intrurl~r. Thp intrurlers wer~ thp s~me altitu~e as 

the own aircraft ~nd on on intercept cours~. Th~y cou1rl he either hot~ at thp 

same anqle of arrival or have wirlely rliffprent anqles. This cateQory was 

known as the multiple intruder. 

4.2.3 Simulation TeAS Loqic 

A much simplified set of lOQic was userl to activate thp TeAS rlisolrtys. This 
was possible because the objective of the t~st was to sturly the oilots 

response to the displays in ij syst~matic m~nner rather than to test the full 

TeAS system and orovide a definitive work on the operational procedures. 

Therefore, the intrudpr aircraft flew cannerl fliQht paths which activateo thp 
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disolays in the follow;nQ manner: A proximatp advisory (PA) activaterl whpn 

t.he intrud~r WrlS 45 seconds from the point. of clospst rlpprOAch ((1150 known as 
TAU). Thp traffic arlvisory (TA) or caution a'~rt ~ctivatprl whpn TAU re~chprl 

3~ seconds. Finally, the resolution advisory (RA) or warninQ alert activatprl 
when TAU reached 2~ seconrls. The direction of the RA vprtical Quidancp was 

always away from the intruder \'lith the smfl'1est TAU valup. Th~ vertic~l rat~ 

1imits w~re imposed durinq fl iQht segments in which the nominal fl iqht prlth 

called for a climb or d~scent profile. Thp limits wpre consistpnt with thp 

expected vertical sp~erl. The correct response to any vertical alprt was .?~~ 

(R foot per second squareo) vprtical maneuver in the appropriate rlirpction. A 

Change in vertical speed which exceerlerl the corr~ct responsp maneuvpr tenmi

naterl the al ert. 

4.1 Pilot S~mple 

Thirteen pilots with a wit1p rnnqp of experi~nce, incluoinq line pilots, 
instructors, anc1 manaQement oilots, participate" in the ~eve'opmentrtl si""ulrt

tion tests at the Bopinq f~cility. The qroup consisted of r~pr~s~ntatives 

from Boeing, from domest.ic airlines includinQ American, Reoublic, Unit-~rt, u. 
s. Air, ~nd West~rn, from FAA, ann from NASA. A summary of thp pilot pxppri
encp is presented in Table 4.3-1; numerical entries on the right h~nrl siop of 

the table indicate the specific experience by aircraft type an~ recency of the 

experience (A is most rpc~nt). 

4.4 Crew Tasks 

4.4.1 Flia~t Task 

To simulate the fliqht dpck environment an~ work pattern, the pilots performe~ 

test fliqhts of 31 minutes ouration in the simulator. An aircraft morlel was 

used for the basic fly;nq t~sk; the pilots werp required to fly a prescribpd 

flight plan, r~spond to ATe communications, locate tArqets in an pxtprnal 

visual scene and respond to alprts. The fliqht instrumentation ~vailahlp to 

the pilots to perform their tasks, shown in Fiqure 4.4.1-1, consisted of an 

airspeerl indicator; an elpctronic attitune n;rpctor in~icator (EA01-roll, 

pitch, Qlideslope); an altimeter; ~ rate of climh indica~or; a horizontAl 
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Table 4.3-1. Summary of Pilot Experience 

Statistic 

Pilot experience Specific aircraft experience 

TCA's Flight-
Age past hours Recency* 707 727 737 747 DC-8 DC-9 DC-10 L·1011 Other 

year (1.000) 

Mean 43.4 190 9.1 A 1 5 2 2 2 

Standard 
deviation 

4.5 209 4.2 B 2 3 1 1 1 3 

37.0 12 4.0 C 3 3 1 2 

Range to 
51.0 

to 
600 

to 
17.0 0 1 1 1 1 1 

., A is the most recent aircraft flown. 

Pilot affiliation 

• FAA 3 .ATA 3 

• NASA 1 • ALPA 3 

• Boeing 2 • APA 1 

•
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situation inrlicator (HSI-course, OME, loc~lizer'; t~e pilot's time-cri~ical 

display; anrl a clock to inrlicate fliqht time. The center panel contained the 

visual information rlisplay, the electronic ~nqine instrument displ~y, flaps 

indicator and qear liqhts. 

The fliqht controls available to the pilot includerl: w~eel ~nrl column with 

trim; rudder and toe brakes; speed brakes; Tlao handle; a~ar handle; fire 

hanrlles; throttle; response key matrix; anrl a l? ~ey input p~nel. 

The tests fli0~t nlan is illustraterl in Fiqure 4.4.1-2. It was divided into 

five fliqht phases: takeoff, climb, cruise, descent and lanrlin~. The nilot 

perTormerl a visll"il takeoff (Fiqure 4.4.1.-1) I)n a hearlina of 1f)()O at (\ rat!" of 

cl imh resul tinq from lAS of 21n knots. The outsirle visual scene rlisappeared 

after takeoff. To achieve a more controller:! fliqht path for the fliq~ts, the 

~uto throttl~ was enqaqerl at ?non feet ~nd flew t~e nrescrihed sneed profile 

for the remainder of the fliqht. The pilot leveled off and held l~nnn feet 

throuqh turns 1, 2 "inrl 1. At a ooint ]0 miles from waypoint D he received an 

ATC clearance to descend to 10,000 feet. Aft.er executina turn 4, ATC cleared 

the aircraft to 1noo feet. At 9.5 miles he was further clearerl for TLS 

approach and landinq. The alideslooe raw oata hox appeared on the EADI.- At 

one mile and 150 feet the visual scene was aaain presented for lanrlinq. The 

ATC clearances associated with the fliqht plan are presented in Tahle 4.4.1-1. 

4.4.2 System Alert ~esponse Tasks 

When the pilots rletecter! a system alert, they WAre rel1uirerl to rlepress a 
hutton located on the left side of the control wheel. This action was us~d to 

mark the time that the oilot perceiverl the new alert. After identifyinq the 

specific alert, the pilot performed a orescrihed response to solve t~p 

problem. Table 4.4.2-1 presents the operational or system conditions that 
were used, alonq with their associated responses. As can he sp.en, the 

responses were divirled hetween two cat~gories, those th~t were m~rl~ with 
operable system elements (e.q., wheel hnc~, cycle Qear, etc.' and those that 

were marle throuqh a response panel hy rleoressinq the switch correspondinq to 
the system which had a problem (e.q., L SYS HYO PRESR, ANTI-ICE). The response 

panel had 18 switches located in the center nisle stand, and confiqurp.rl as 
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Figure 4.4.1-2. Developmental Simulation Flightpath 
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Table 4.4.1-1. A TC Communication 

Distance Altitude ATC 

1 0 0 Boeing 101: Pinevalley Tower: cleared for takeoff 
runway 36, wind calm altimeter 29.92. Cleared 
left heading 310deg at fi~ ALPHA, Monitor 
Pinevalley Approach Control 348.2 after takeoff. 

2 21.7 nmi 15,000 Boeing 101: Pinevalley Approach Control: fix 
COCOA, turn left heading 242 maintain 15,000. 

3 29.3 nmi 15,000 Boeing 101: Pinevalley Approach Control: fix 
COCOA, turn left heading 169 maintain 15,000. 

4 71 nmi 15,000 Boeing 101: Pinevalley Approach Control: 
descend to 10,000, cleared penetration and 
ILS approach runway 36. 

5 90.8 nmi 10,000 Boeing 101: Pinevalley Approach Control: have 
you starting approach, do not descend below 
4,000 feet until DME 9.5 nmi, current winds 
light and variable altimeter 29.92, monitor 
Pinevalley Tower 253.8. 

6 112.3 nmi 4,000 Boeing 101: Pinevalley Tower: cleared to land 
runway 36. 
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Table 4.4.2-1. Operational and System Conditions for Alerts and Their Associated Response 

Alert 
Alert 
code CRT message 

Urgency 
levelb Pilot's response 

Flight 
engineer's 
response 

Left engine fire 8 L ENG FIRE W PULL LEFT FIRE HANDLE RF FIREa 

APU fire 9 APU FIRE W PULL CENTER FIRE HANDLE RP FIRE 

Flaps set improperly 10 TAKEOFF FLAPS W CYCLE FLAP HANDLE RP CONFIG 

Flaps set improperly 15 LANDING FLAPS W CYCLE FLAP HANDLE RP CONFIG 

Right engine failure 11 R ENG FAIL W RP ENG STATUS RP ENG STATUS 

Gear not down 12 GEAR NOT DOWN W CYCLE GEAR HANDLE RPGEAR 

Overspeed 13 OVERSPEED W THROTTLEBACK RP OVRSPD 

Cabin altitude 14 CABIN ALT W COLUMN FORWARD RP CABN ALT 

Left generator drive oi I 16 GEN DRIVE OIL C RP ELEC DISCONNECT 

GENERATOR 

Gear disagree 17 GEAR DISAGREE C RP GEAR RP GEAR 

Right system 
hydraulic pressure 

18 R SYS HYD PRSR C RP HYD CYCLE RIGHT 
HYDRAULIC 
SYSTEM 

Antiskid inoperative 19 ANTI-SKID INOP C RP ANTI-SKID RP ANTI-SKID 

Left air-conditioning 
pack tri p off 

20 L PACK TRIP C RP ECS RP ECS 

Forward main door open 21 FWD MAIN DOOR C RP DOOR RP DOOR 

Right engine 
oil pressure low 

22 R ENG OIL PRSR C RP ENG STATUS RP ENG STATUS 

Anti-ice inoperative 23 ANTI-ICE C RP ANTI-ICE RP ANTI·ICE 

Autospoiler inoperative 24 AUTO·SPO ILE R C RP AUTO-SPLR -

Altitude alert 25 ALTITUDE C RPALT RP ALT ALRT 

Left bleed off 26 L BLEED OFF A RP ECS RP ECS 

Galley bus off 27 GLY BUSOFF A RP ELEC CYCLE SWITCH 
Utility bus off 28 UTIL BUS OFF A RP ELEC CYCLE SWITCH 

Right engine 
hydraulic pump 

29 R ENG HYD PUMP A RP HYD CYCLE SWITCH 

Left engine 
fire detector 

30 L ENG FIRE DET A RP FIRE RP FIRE 

Left brake overheat 31 L BRAKE OVHT A RP BRK RP BRK 
Right forward 
fuel pump 

32 R FWD FUEL PUMP A RP FUEL CYCLE SWITCH 

Forward cabin call 33 FWD CABIN CALL A RP CABN CALL RP CABN CALL 
SELCAL 34 SELCAL A RP SELCAL RP SELCAL 

aRP = response panel 

bw = warning C = caution A = advisory 
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Table 4.4.2-1. Operational and System Conditions for Alerts and Their Associated Responses (Concluded) 

Alert Alert 
code 

CRT message Urgency 
level 

Pilot's response 
Flight 
Engineer's 
response 

Upper yaw damper 
failure 

Leading edge flaps 

Air-conditioning 
pressure 

Left generator off 

Left bus tie 

Right electric 
hydraulic pump 
Autothrottle disconnect 

35 

36 

37 

38 

39 

41 

43 

UPPER YO FAIL 

LE FLAPS 

AIRCOND/PRSR 
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seen in Fiqure 4.4.~-1. Caution and advisory level alerts were ~lways 

responded to throuqh this panel. When the pilot marle the correct response, 
the alert messaqe was removed from the screen, the master visual al~rt was 

extinguished and the aural alerts were silenced. 

4.4.3 TCAS Alert Response Task 

When the pilots detected a TeAS alert they responded hy prpssinq the button on 
the l~ft hand side of the control wheel. This action marked wh~n the alerts 

were detected. Th~y werp also rPQuireri t.o respond wit.h this button each timp 

the alert chanqed urgency levels, i.e., advisory to caution or caution to 

warning. For those encounters in which the intrudeOr aircraft was visihle, t.he 
pilot was also asked to push the riqht hand button when he had identified thp 

aircraft. After the alprt had proceeded to the resolution arlvisory alert the 
pilot performed the maneuver that was displayed. They were instructpd to 

achieve approximately a .2~G climb or descent to an excursion of 1000 feet per 
minute on the IVSI. When the pilot made the correct response (i .e., aircraft 

achieved .?5G vertical acceleration in t~e correct direction), the alert was 
discontinued. A second type of resolution advisory was also possible. This 

alert type called for t~e pilots to limit a vertic~l maneuver that they werp 
already pprforminq. Examples of the two types of alerts ~re pr~spnterl in 

Fiqure 4.4.3-1. 

4.5 Test Procedures 

The variables tested in the developmental simulati~n are descriherl in section 
4.2.1. All variables not tested were heln constAnt or controlled to avoi~ 

hiasinq or confoundinq the results. Simulated aircraft ambient nois~ with an 
average intensity of approximately 70 riB was pres~ntp~ rlurinq the fliqht task 

to mask the uncontrollprl noi~e th~t may havp been occurrinq arounrl the cab. 
The ambient noise was controlled by throttle position Anrl airspeed to provide 

a real i sti c sound spectrum based on ai rcraft performance. Duri nQ each fl i qht, 
variations of the noise level were kept within the ranqe of fl}rlB anti 72dR. 

The ambient light levels w~re k~pt very low (~ ft-L) to permit the usp of the 
outside visual scene. ATe communications were presented at 75dB and held 

constant for all trails; ViSUAl messaqe contrast was also helrl constant for 
all trials. All pilots received the same instructions to minimize exp~rimenter 

hias (see Appendix B). 
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Figure 4.4.2-1. Pilot's Response Panel 
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Limit descent to 1,000 ft/min 
Limit descent to 2,000 ft/min 

*Displayed alert.
 

Figure 4.4.3-1. TeAS Resolution AdvisofY Alerts and Example IVSI PtellJntation
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Each test fliqht was 31 minutes in lenqth and containerl 1~ al~rts: twelve TeAS 

intrusions and thr~e system alerts. This numher of alerts is not int1ic~tive 

of the numher expecterl in act.ual system operfltion. A larqer t.han exp~cted 

number of alerts were chosen for the simple reason that to ohtain a sufficient 

()mount of data with rprllistic time periods hptween thp resolut.ion advisories 

would have requ;ren testinq time f~r in excess of the scope for the study. 
The effpct on the data of lJsinq a hiqher ratp of alert occurpncps WitS to 

rertuce somewhat the surprise and uncertainty frtctors, t.hU5 mrtkinq thp response 

and detection times shorter than woulrl be expected in actual operation. These 

times were also affecterl hy thp fact that the nilots knew th()t it was ~ TeAS 

test ann were expectinq the alerts. Therefore, t~e times ohtaineo for the 

test cannot be directly applied to opprational situations. This does not, 

however, ~e~n that thp data cannot be used. Since ~ll nisplnY combinations 

were used with the same numhpr of alerts, tne relative rlifferp"c~s in ~;~~ 

hetween these comhinations do q;ve an indication of the information transfer 

occurrinq with the displays. This kind of result meets the objectives of thp 

test. Therefore the numbpr of alert.s co",hinprl with a rplativp1v hiQh workloati 

to keep the pilots involved in flyinQ do provide aopropr;at~ information in ~ 

cost effective manner. The alprts werp nrpsenterl on a sch~rllJle of two minute 

intervals; however, to helo prevent the pilot's ~nticipation of t~e alerts, ~ 

45 second interval around each two minute mark was alloc~tpd for the al~rts. 

The alerts coulrl therefore be presented as clos~ toqether as 1n seconrls. T~~ 

times were chosen at random, and 12 different time scen~rios w~re rlpvplopen• 
The only restriction on the time selection was that no alert could occur af~pr 

30 minutes into the fliqht to permit the pilot at least 60 seconds to respond 

to the last alert. To reduce the possihility of influencinq the rI~ta hy the 

order in which the alerts were presenterl, 12 random alert orrlerin~s were 

developed anrl combined at random with the time scen~rios to produce the test 

scenarios. 

\~henever task performance ; s meClsuren unrt~r s~"er~l rli ffer~nt treatment 

conrlitions over an extenrled periorl of time, learninq or fatique m~y affect 

performance on l~ter trials. Care was taken to rl~siQn an aporopri~te 

counterbalancing scheme to prevent ~arry-ovpr effects from rliffprentially 
aff~ct;~q the performance measures for th~ rliffprent treatment conrlitions. It 

should he noted, ther~fore, that the orner in which th~ oilot received the 
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experimental treatments was also randomly assiqned to prevent order bias from 
confoundinq the results (see Table 4.~-1). lmmerli~tely prior to each fliQht 
the pilot was briefed on the alertinq syst~m confiquration th~t he woulrl bp 

usin~. 

The daily test schedule for the developmental simulation tests is pr~spntp~ in 
Table 4.5-2; all pilots were to fly only one non-encounter conrlition. Two 

pilots were tested each we~k spen~inq two days per oilot in th~ simulAtion. 

The test participation beqan with an introrluction to the Visual FliQht 
Simulation F~cility anrl a review of th~ proqram. The pilots wer~ bri~ferl on 
the fliqht plan and qiven the nominal fliqht path p~ramptpr5 (see FiQure 
4.4.1.21. They were encouraqed to take notes on their hri~finq sheet ~"~ to 
use them rlurinq fliqht. Followinq thp hripfinq, the pilots entererl the c~h 

for instruction on the operation~l char~ct~ristics of the simulator ~nrl thp 

test flight t~sks (see Apnendix R for the hriefinq checklist). 

The pilots were informed of the basic tasks to be carrierl out durinQ each 
flight. The first involv~d flyinQ thp simulator from take-off to landinQ on 

the specifierl fliqht olan. The second was respondinQ to the alerts which was 
done by performing the prescriberl actions ~ssociated with each alert. 

Before participatinq in the data collection fliqhts, each pilot marle a series 

of practice fliqhts. The purpose of thes~ flights w~s twofold - to acquaint 

the pilots with the fliqht ch~r~cteristics anrl dynamics of the simulation 

airplane model and the flight plan; anrl to hecome proficient at oerformino the 

correct alert responses. The first practice fliqht was ~1 minutes in which 

the complete fliqht pattern was flown. There were no alerts to distract t~e 

pilots during most of this flight. The instructions on how to r~spon~ to t~~ 

alerts were explained ~urinq the practice fliqht, and any Questions th~ pilot 
had were answered. The second practice fliqht includ~d a short seqment after 
take-off in which TeAS alerts wpr~ presenterl in orrler to familiarize the 
pilots with the correct TeAS responses. T~~n the alerts were repeaterl anrl the 

pilots were ask~rl to respond to them hy performinq the corrective action. Th~ 

time for traininq was two and one half hours. 
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Table 4.5·1. Random Treatment Assignments 

~ 
o 

Command 
display 

Subject 
number 

Threat 
display 

Flight 
number 

ATC 

ATC 

1 

None 

2 

Light 
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Graphic Graphic 

1 2 

6 7 

None 
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LED 
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9 10 

Graphic 

2 

11 

None 

12 

Voice 

Light Tab 1 

13 14 
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2 

15 
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Table 4.5-2. Daily r.t Schedule 

Day 1 

000 - 1:00· 
0:30 - 2:30 
2:30 - 4:30 
4:30  5: 15 
5: 15 - 6:30 
6:30 - 6:45 
6:45 - 8:00 

Cab warmup and preflight 
Pilot training 
Flights 1 through 3 

Lunch 
Flights 4 and 5 

Break 
Flights 6 and 7 

Day 2 

000 - 1:00 
1:00 - 3:00 
3:00-3:15 
3: 15 - 5: 15 
5:15-6:00 
6:00 - 7: 15 
7:15-8:00 

Cab warmup and preflight 
Flights 8 through 10 

Break 
FI ights 11 through 13 

Lunch 
Flights 14 and 15 
Pilot debriefing 
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The t~st day consisted of ~iqht fliQhts with approximately four hours of 

flyin~. Rrief rest peri6rls were taken throuQhout the day in an effort to 

reduce fatique. After ~ach test fliqht in which a new display was intro~ucerl 

the pilots were qiven a short questionnaire (spe Aooendix C) to evaluate the 

display. Upon completinQ t"~ nata ~ollection fliqhts the oilots participated 

in a short debriefinq session. T~eir imoressions of the TeAS concppts anrl t~p 

application of these concepts were soliciteo. The fonnal r1phriefinqs inclunerl 

an informal discussion hetween the pilots and experimenter anrl relev~nt pilot 

cOJllT1ents were recorded for further eval u~ti on. The oilots were then given an 

ext~nsive questionnaire which they were to complete and return at a later 

rl at.e. (See Appendi x n). 

4.0 Measurement Technique 

4.6.1 Performance Measures 

The performance measures used in the tests fell into two catpoories - those 

associated with the fliqht task an~ those associaterl wit~ the alert response 

tasks. The parameters that r~flect how well the pilot performed the fliQh~ 

task included altitude deviations, wheel and column reversals, lanrltnQ . 

performance, accuracy of dptection of the outside visual taraets. The 

paramet~rs were especi all y important for the time per; od immedi ately around 

the alerts because they provide a measure of the efficiency anrl effectiveness 

of the pilot in performinq the fliqht maneuver. A second s~t of dependent 

var; abl es ,used to quanti fy the responses to th~ al erti nq system, i ncl uderl the 

time and accuracy of alert rletection, and the time and accuracy of the 

response to the alert. 

4.6.2 Subjective Measures 

Finally, subjective rlata express;no the pilot's opln10ns about the various 

al erti ng s.ystem charact.er; stics were aathererl for all test confi Qurati ons. 

The pilots were askerl to comment on anrl rate the effectiveness of the 

candidate TeAS rlisplays, clari~y of the mess~Qe, format ann syst~m compon~nts. 
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Questionnaires were administered immediat~ly after each fliQht in which a npw 

display was introduced so t~at the pilots could estahlish their reaction to 

the display while it was still fresh in their min~s. Th~se questionnaires 

were v~r.y brief and directed specifically toward a rlisplay used in the 
preceding fliqht. 

After completinq the entry test sequence the pilots particip~ted in a 

tlebriefinq which permitted them to provitie inout~ after pxoprienc-inQ all 

configurations. This rlebriefinq consisted of ~n informal interview after the 

last flight and an extensive questionnaire (See Anpendix 0) which the pilots 

were asked to take with them, comp'et~ and return at a lat~r rlate. Th~ 

debriefinq questionnaire was in two spctions: the -first rJirect.erl toWtlrt1 

hioqraphi~al and experimental data; ~nd the second section was dir~cted towar~ 

the pilot's opinion about collision avoidance systeY'1S in Qeneral and the test 
~isplay confiqurations specifically. 

A number of differpnt tYD~S of qu~stions werp asketi in th~ second section to 

provide the pilots with the maximum flexihility for pxpressinq their opinion. 

The first: tyoe of question used was the ratinq scale in which a question was 

asked and the pilot was qiven a scale with which to answer. An examole .of the 

type of questions would be: 

How useful is includinq the vertic~l speerl on the rpsolution advisory 

display? 

Extremely Us~ful Of No Oetriment.al Extremel.y 

Useful Use n~trimental 
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The second type of question was the forced. choice question in :which the pilot 

was asked to select the best of a numher 'of alternatives. For examole: 

In what intervals should the altiturle information be qiven? 

a. One foot 
b. Ten foot 

c. Hundred foot 
d. Thousand foot 

The third type of question was rank orderinQ in which the pilots were qiven a 

list of alternatives and askeo to rank them from best to worst. The fourth 

type of question was the open-end~d pilot opinion in which the pilot is askerl 

the questions and thpn qiven space to orovide "is Answer. For example: 

What information should a collision avoirl~nce' system provirle? 

This type of question provides for a written structurerl interview. 

The next technique ;s called semantic rlifferentiation which was used to 

develop opinion profiles. The semantic differential provirlps a means to jurlqe 

opinion in a systematic way. The scale was developed by usinq ~ series of 

polar adjectives and requiring the pilots to inrlicate where their opinion 

falls between the ends of the scal ~. An exampl P of thi s t,ype of Questi on 
would be: 

Suppose the pilot is asked to judqe one of the TeAS rlisolay ootions on the 

fol 1owi ng scal e: 

Goorl ~_""""' ---I.__---..........._ ........__......__l Bad
 

If he feels that the display is very qood he would check the box nearest that 

adjective. An ooposite reaction would result in a check at the other enn of 

the scale and a neutral opinion would result in the center hox beinq markerl. 
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Finally the pi10ts were asked to design their ideal system includinQ necessary 

components, information requirements and the format of the displays. They 

were asked to relate the system to both a conventional and advanced fliqht 
deck ~esiqn. 

4.7 Data Reduction and Analyses 

The data obtained in the Developmental Simulation testinQ falls into 
two qeneral cateqories - objective (or performance) rlata and subjective 

(Qu~stionnaire/debriefinQ) data. A time-based tabulation of all events that 
occurrerl in the cab, switch and light states, rlispl~y~d m~ssaaes an~ fault 

situation initiation, w~s gen~rat~rl from the data •. From this tahul~tion, 

sums, means and stanrlard dpviations were calculat~d for all p~rformanc~ 

variables. The performance was analyzed with resp~ct to ~11 the alprts anrl 
was also partitioned from the various alert c~teqories. An~1ysps of v~riance 

were perform~d on the rerluc~d d~ta to determine if the various treatment 
conditions had a differential affect upon performance. Th~ statistical model 

used for the ~ata rerluction was the analyses of vArianc~. As rlescrihe~ in 
Section 4.2, two separate analyses were performed hoth of which wer~ mixed 

~esigns. All of the pilots had treatment conditions associated with a ~ortion 

of the variables but one variable (oercent no-RA encounters) divided the 

pilots into two qroups. The model and source tahle for this type of analyses 
is presented in Table 4.7-1. 

Since developmental testinQ requires that system developers be very sure 
before they reject any candidate system concept, and since the time critical 
tests were exploratory in nature, an error proh~hility of .10 was select~d ~s 

a test for siqnificance for the st~tistical tests oerformed on hath 
experiments. 

4.7.1 EXDerirn~ntal Hypothesis 

The followinq were the hypotheses upon which the tests were hasprl: 

1.	 Pilot detection time is not affected by the type of alert (i .P. warninQ 

versus advisory). 
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Table 4.7-1. Sample of Analysis of Variance Model and Summary Table for a Factorial
 
Experiment With Repeated Measures on Some of the Factors
 

Model
 

X· k· = J.l + a· +" (") + 13· + a(j.. + 13"·kC) + €ke·)
1 J 1 k I J IJ J I IJ 

Summary table 

Source Expected mean square F ratio 

a 2 + ba a 2 + nb a 2A MSA/MSsube s A 

Subject within A a 2 +baa 2 
e s 

B a 2 + a a 2 + na a 2 MSB/MSBse Bs B 

2 2 2AxB MSAB/MSBs 

B x subjects within A 

ae + a aSs + n aAB 

a2+aa 2 
e Bs 

Note: The example is a two-factor experiment with repeated measures on one factor. 
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2.	 The presence or absence of the traffic alert will not have an effpct on 

the detection of the resolution advisory. 

3.	 The type of traffic advisory presented will not affect th~ initial 

detection time of the alert. 

4.	 The percent of none-RA encounters will have no effect on detection time. 

5.	 ATC traffic advisories will be detected just as fast as any internal 

alert. 

6.	 The location of the traffic arlvisory visual alert has no eff~ct on 
detection performance. 

7.	 The type of traffic advis~ry has no eff~ct on the pilots response 

performance. 

R.	 The presence or absence of a traffic alert has no effect on reSDonse 
performance. 

q.	 Voice prpsentation of the resolution advisory is ~ust as eff~ctivp as 
voice comhined with visual in producinq the correct response. 

10.	 The IVSI and LEO resolution advisory displays are equ~lly ~s eff~ctive 

as measur~d by response performance. 

11.	 The percent non-RA encounters will have no effect on response 
performance. 

12.	 Altitud~ chanqe durinq the response will not be related to any of the 
test variables. 

13.	 The accuracy of the pilots· response will not be related to any of the 
test variables. 
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4.8 Test Results 

Althouqh some of the results reportpd in the followinq sections as beinQ 

statistically siqnificant may ~pppar to he of insufficient maqniturle to be of 

practical importance, this may be a false assessment of the results rlu~ to the 

nature of the tests. It must be kept in mino that the oilots knew ~lerts 

were qoing to occur durinq the flight, ann the anticip~tion of t~e alert 

resul ted in a response that was faster than woul d normally occur.. The speed 

that a oilot can r~sponrJ to an alert is a function of cprt.ain ohysical factors 

such as recoqnition and reaction times. As a pilot respo"~s faster he 

approaches these physical limits. As th~s~ limits are aooroacherl it i~ found 

that the response times tend to qroup or stack up at th~ low en" of the 5c~le. 

This factor has the effect of reducinq the sprean of response time scores. 

Another example of this type of effect can be seen in a simple physical experi

ment of throwinq a hall. ImaQine IOn people throwinq a ball as far as they 

can. Each person's score would be the distance their hall travelerl. For the 

first throw there is a spread of scores from say 50 to 190 ft. anrl the distri

bution of scores was bell shaped with the most scores occurrinq at 120 ft. 

Now for the second throw a larqe wall is built at Ion ft. All those oeople 

who can1t throw further than 100 ft. will throw iust like they did at first. 

However, the rest of the people will hit the wall ~nd it will look in their 

scores like they can only throw 100 ft. This will rprluce the sprenrl of the 

scores thus reducing the variability of the results. In the actual TeAS 

operation, it is expected that the pilots will not be anticipating the alerts 

and therefore the overall response times will be slower qettinq them aw~y from 

the "wall II of the phys; cal parameters and penni tti nq a wi tier ranqe of times. 

This would have the effect of increasinq the observed size of any real 

differences that exist between the experimental treatm~nts (14, 15, 10). 

4.A.1 Detection Times 

Detection time has been defined as the time from the initiation of the alert 

to when the pilot first noticerl that either an alert harl occurred or any 

existinq alert had chanqerl urqency level. Thesp two detection times actually 

have different meaninqs in the alertinq paradiQm. The initial detection ;s a 

measure of the attention qettinq quality of the alert. Alert chanqe 

detection, on the other hand, reveals how well the alert is transmittinq 

urgency information and could possibly orovid~ a measurp of complexity. 
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The analysis of varianc~ summary tahles for th~ initial rletection time is 

presenterl in Tahl~ 4.R.1-1. The main effect attrihuterl to the alert display 

was siQnf~~ant {F=15.99 rlf fi,~n) and can he seen in Fiqure 4.R.1-1. Usin~ 

Ouncan1s New Multiple Ranqe test it was rliscovererl that the CRT display anrl 

souriij (4~R4'seconds to 5.25 seconds) were detected siQnificantly slower th~n 

either th~ TCAS liqht and advisory sound (4.20 seconds) or the resolution 

advisory with no caution alerts (2.~n seconds). Lookina at thp detections for 

each level of urqency the proximat~ advisory (PA) is rletected siqnf;c~ntly 

slower (as expected) than either the traffic alert (TA) or the rpsolution 

advisory (RA) for all the display types (F=~5.R df 2,12). As can he in Fiqure 

4.8.1-2 usina the TCAS liqht as the caution alert resulterl ;n the shortest 

detection time (1.46 sec) for the RA. This time was siqnficantly shorter than 
either the 2.52 seconds for the RA without cautions (t=R.l df 22) or th~ 2.15 

seconds When usinq the CRT as a for caution alerts (t=l.Q rlf ??). Thp rlptec
tion of the ATC traffic anvisory is comparahle to us;nq the arlvisory sound ann 

CRT. Finally, the p~rcpnt of encount~rs th~t proqresserl to an RA harl no 

effect either on the detection of th~ initial alert or on the det~ction of the 

RA. Nor were there any interactive effects between the ~lert typP and thp 

percent of non-RA encounters. 

4.R.2 Response Times 

The analysis of various summary tahles for the resnonse times is presented in 

Table 4.8.~-1. The mean effect attributerl to the traffic display was 
siqnificant (F=2.34 df 3,30) with the mean response time for the RA which was 

preceded by the TCAS liQht (3.4q seconrls) hpinq siqnificantly shorter than for 

those conrlitions with either no prpcursors (4.57 seconrls) or when th~ CRT was 

used as a precursor (4.6 seconrls to 4.1R seconds). This r~sult may be mis

leading, however, due to t~e composition of t~e response time. Each resoonse 

had two components, the time to rletect the alert and the time to respond. As 

can be seen in FiQure 4.8.2-1 the siqnific~nt differences found in the 

response time is due solely to the ~ifferences in the RA detection times. 

When the component is factored out, there are no measurable differences in the 

response times amonq the treatment conditions. 
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Table4.8.1-1. ANOVA Summary Table for Initial Detection Time 

Source Sum of 
squares 

Degrees of 
freedom 

Mean 
square 

F Probability F 
exceeded 

Mean 
Non-RA (N) 
Error 

Alert display (A) 
AN 
Error 

1,930.05 
5.11 

42.22 

80.84 
2.30 

50.55 

1 
1 

10 

6 
6 

60 

1,930.05 
5.11 
4.22 

13.47 
0.38 
0.84 

457.05 
1.21 

15.98 
0.45 

0.0 
0.2 

0.0 
0.8 
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RA TCAS CRT CRT CRT CRT 
ONLY LIGHT TABULAR TABULAR CURRENT NEW 
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BEARING 
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*Arl'visual displays were accompanied by a master aural alert. 

Figure 4.8. 1-1. Initial Detection Time as a Function ofAlert Display 
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Figure 4.8.1-2. Alert Detection Time-TA Display 
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Table 4.8.2-1. ANOVA Summary Table for Response Times 

Source 
Sum of 
squares 

Degrees of 
freedom 

Mean 
square 

F Probability F 
exceeded 

Mean 5,406.86 1 5,406.86 816.34 0.00 
Non-RA encounters (N) 4.39 1 4.39 0.66 0.43 
Error 66.23 10 6.62 

RA display type (R) 182.85 2 91.42 51.71 0.00 
RxN 1.10 2 0.55 0.31 0.73 
Error 35.35 20 1.76 

TA display type (T) 8.91 3 2.97 2.34 0.10 
TxN 1.66 3 0.55 0.43 0.72 
Error 38.21 30 1.27 

RxT 3.10 6 0.51 0.32 0.92 
RxTxN 8.24 6 1.37 0.86 0.52 
Error 95.36 60 1.58 

Vertical maneuver (V) 1.12 1 1.12 1.57 0.23 
VxN 1.10 1 1.10 1.56 0.23 
Error 7.11 10 0.71 

RxV 0.49 2 0.24 0.21 0.80 
RxVxN 0.81 2 0.40 0.35 0.70 
Error 22.75 20 1.13 

TxV 1.25 3 0.41 0.38 0.76 
TxVxN 1.39 3 0.46 0.43 0.73 
Error 32.18 30 1.07 

RxTxV 5.77 6 0.96 0.95 0.46 
RxTxVxN 8.69 6 1.44 1.43 0.21 
Error 60.60 60 1.01 
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Figure 4..8.2-1. A Comparison of Response and Detection Times as a Function of the Traffic DisplllY 
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The main effect attributed to the resolution advisory display was also 

significant (F=51.7l df 2,20). The mean r~sponse time for the voice only 

condition (5.45 seconrls) was significantly lonqer than for either the IVSI 

(3.63 seconds) or the LEO (3.q4 seconds) display. When combine~ with voice 

even though the IVSI rlisplay consistantly produced shorter rpsponse times than 

the LED display, the mean differences were not statistically siqnificant. 

When the response times are aqain partitioned into these two components it can 

be seen (Figure 4.R.~-2) that the rlifferences observed between rl~splays ~re 

due in this case to t~e response to the display rather·than the detection of 

the RA condition. The rletection time curve has no measur~hlp difference 
~cross the displays while the response curve ~oes exhibit the pronounced 

difference for the voice display •. 

4.R.3 Missed Alerts and Incorrect Responses 

The pilots responderl to all of th~ alerts. Tn all cases the direction of 

response was correct. This result corresnonds to the rlat~ oht~ined from 

previous alerting studies in which no warninq level alerts were missed. T~~re 

were some alerts, however, which thoUQh correct in rlirpction were not of thp 

orescribed maqnitune (R feet per second squared) and thprefore werp not 
included in the data. This set of resoonses (105) constituted eiqht pprcent 

of the total number of responses (13RO) anrl w~s not conc~ntrated in anyone 

treatment conrtition. 

4.8.4 Pilot Input 

The debriefinq auestionnaire is prespnterl in App~nrlix D. Ninety-two percent 

of the pilots who par~icipaterl in the simulator tests returned a completen 
questionnaire. The majority (7~%) of pilots participatino in the tes~ were 

familiar with the TeAS proqram prior to testinq. This fact does not make the 
opinions expressed any less usable; ~owever, it rloes suaqest that the test 

desiqn and rlisplay confiQurations may have had less imoact on th~ opinions of 

this group of pilots than they would have harl on a less informerl qroup. 

The most often stated aspect reauired of the TeAS system was reliahility. 

Seventy-five percent of the pilots felt that the system shoulrl not bp reQuir~d 

on aircraft until it can be demonstrat~n to perform reliably. The three 

criteria th~t were mentioned for system implementation werp: 
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o System Reliability 

o Economic Reasonability 

o ATC Comoatibility 

System unrel iabil it.y was most often qiven as the onl.y reason for :the pilot not, 

followinq the RA quirlanc~. Seventy-five p~rcpnt of the oilots felt that thp 

system should he rlesiqnert so that the oilot woulrl nnt he .iustifi~t1 in refusinQ 

to do the RA maneuver. In reviewinq the test syst~m, all of the pilots sairl 

they usually aqrperl with the Quidance presenterl. Somp concern was voicerl, 

however, that when they did not aoree with the ~lert (for whatever r~ason), 

th~re was some hesitation in followinq it. 

When considerinq the operational environment e;qhty-four percent of the pilots 

responded that horizontal maneuvers shoulrl be consirlered in the TCAS system 
for those situations where a vertical manpuver may hp in~ppropriate such as: 

when operating close to the qrounrl or ohstacle~; when close to performance 

limits of the aircraft; when qiven a harrl altitude by ATC; to el;Min~te 

crossinq altitudes; in hiQh densit.~y situations. Aqrepment was not reilcherl on 

:c.hanqes in the amount of corrmunication that will hp requirert with ATC, 

forty;-two percent saw a rlecrease anti si xteen percent sai d that it woul rl remai n 

unchanqed. There were some chanQes in operational procedures that were 
identified as beinq reQuired for TCAS impl~mentation. T~~se were: provirlinq 
the Captain with emerQency authority to break clearance due to an RA; provide 
for an automatic transmission to ATC when an RA occurs; definina who has 
authority if ATC and RA shoul~ provide conflictinq commands. Finally thp 

pilots report that even though therp should be no reduction in present traffic 

separation, (75%), they would feel more confident when overflying ~nother 

.aircraft and that TeAS would result in a safer operational environm@nt (10n%). 

In conjunction with opinions concerninq Qeneral system operations, it was also 

an objective to obtain more specific reactions to t~e system features. T~e 

followinq will be a SUmMary of those questions dealinq with the three major 

system components, the master al~rts, the resolution arlvisory anrl the traffic 
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information display. Eiqhty-four percent of the nilots respon~en ~~at hoth an 

~ural ~nd visual m~stpr alprt werp neerlprl to Qpt thp crew·s attention un~er 

all condi ti ons. ~Ii nety-two oercpnt of the pi' ots rat:~rt thp aural sounrls us~rl 

in the t~st as either Qoorl or excellent. It was inoicAterl, however, tha~ 

thre~ lpvels of a1ertinq urqency were too mAny anrl only two l~vels wer~ 

recommenrlerl, caution (TA) anrl warninq (RA). The attention qettinQ quality of 

the master alerts was also raterl as qood to excellent hy nin~ty-two pprcent of 

the pilots. ChanQes that were recommenrlerl conc~rninq the master alert were 

primarily rlir~cted toward the timinQ sequences. Some of the oilots were 

bothererl hy tne fact tnat the ton~ ann the l;qht ~nrl thp ~RT rlisplays rlirl not 

all come on ~t tl1e same time. This lrtck of coordinat.ion was C~IJS~rl hy thp Wft.Y 

t:hat the alerts were initi~t~rl bec~use the rlurrll alert.s nart n dir~ct D~th to 

the mfl;n computer and the visual alerts were rlepenrlent on the REU uprtat.~ rate 

(2 seconds). This prohlpm will hp ~olvprl for future testinQ. 

All of the pilots felt tl,at some fonn of caution lev~l alert woulrl npnefit thp 

TeAS system. The reasons most often ~ivpn for havinq the c~lItion alert (R4~) 

were to rerluce the st~rtle effect of the RA ~nrl to prpoare th~ crew for 

poss;ol~ action. T~e answer to tne Ques~ion of ~ow to provi1e this 

preliminar.y alert was not so cleflr cut. Forty-five o~rcpnt of the pilots 

r~oorted that. an amber 1i Qht: shoul d he llsed anti fi ft·.V-fi Vp o~rc~nt w~nt:ed to 

see n qraphic CRT presentation. In con.iunc1:ion with t.,is Y'esult., sixty-seven 

percent of the pilots expresserl concern that an automaterl traffic arlvisory 

oisplay (CRT) could learl to pilot complacpncy with insufficient visual scan 

time beinq devoted to nontransponder-equinp~rl aircraft. 

The rlata indicatps that if a traffic information oisplay is inclurled it shoulrl 

present the information qraphically (1()()%) usinq color for th~ urqpncy lpvel 

(lnn%). The averaqe numher of tr~ffic ~rlv;sories th~t the pilots felt they 

coulrl monitor simultaneously w~;le attenrlino to fliqht rluties were 2.5 

intruders and the ranQe of responses was from zero to five ;ntrurlers. As can 

he seen in FiQure 4.R.4-1 t~e Qraphic disolays were consirlererl more useful 
than current ATC traffic artvisories. If hearinq infonnation is inclurferl on 

the tahular disolay, the pilots consi~ererl the disp'~Y eQually as use~ul as 
the ATe traffic advisories; however, +.hp ma.iority of tl1e pilots (7S)% 

commenterl that this was true only for a sinQle intrudpr. If multiple 
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intruders were present, the tahular rlisplay was much more difficult to use 

even with bearinQ information presented on the displays. The qraohic di~plays 

were rated the least amhiQuous and the tahular display without hearinq 

information, the most. The advanced qraD~;c display was the most prefe~rerl 

CRT traffic advisory format, beinq preferred hy ninety-two oercent of the 
pilots. 

There was no consensus amonq the pilots as to what traffic shoulrt he presenterl 

if a CRT type of display is available. Thirty-three percent of the oilots 

felt that only threats as defined ~y TeAS should he oresenterl and thirty-thrpe 
percent felt that TCAS threats shoulrl he presenterl with the option of display

inq surroundinq traffic w~en a threat is present, finally thirty-three percent 

felt that the surrounrlinq traffic shaulrl appear automatically when a TeAS 

threat is present. When an intruder is shown on the CRT, the majority of 

pilots requir~d the following information about it: bearinq data (67%); 

horizontal separation (75~) hath range anrl time; anrl the altiturle of the 
intruder if known (100%) relative to own altiturle (7~%) and in hunrlrerl foot 

increments (92%). Other information that some of the pilots woulrl likp to 
know about the ; ntruder ; ncl udes: di recti on of vert; cal mov~ment (33tt; 

closure rates (33%); heading or track (2~%); and vertical speed (17%). One 

option available on the traffic display is to pennit the in1:runer i\ircraft to 

remain on the display after a corrective maneuver has heen accomplishprl, to 

show the pilot where it went. The ma.;ority of the pilots testerl (~7%) felt 

that this feature would not he useful. When investiqatinq the traffic 
information display utility with respect to fliqht phases the pilots felt that 

it would be most useful in the climh, cruise, descent and approach Dhases and 

least useful durinq takeoff and lanrlinQ. 

The third component of the TCAS display syst~m is the resolution arlvisory 

display. Nine~y-two percent of the oilots tested felt that corrective types 

of RAls (e.g, CLIMB or LIMIT DESCENT to 500 fpm) are necessary to the system 

and only thirty-three percent felt that predictive alerts (e.Q., rlon1t 

descent) are necessary. Sixty-seven percent of the pilots raterl t~e 

corrective ~lerts more critical than the predictive while none of the pilots 

selected the opposite ratinq. For the presentation of the corrective alerts, 

an arrow was selected as the most appropriate indication of a vertical 
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m~n~uv~r (100%). Since the present system only provirles for vertical 

resolution arlvisories, ninety-two percpnt of the pilots inrlic~tpd th~t thp 

vertical speprl should ~p incluoen on the rpsolution arlvisory disDl~y. 

Considerinq these responses it is not unexpect~d th~t the morlified TVSI w~s 

raterl the clearest, least ambiquous resolution advisory rlisolay (see FiQurp 

4.R.4-2l and the LED display the least clear, especially by those pilots who 
saw hoth vertic~l maneuver alprts ~nrl vertical limit alerts. 

Care must he IJsed in selectinq the voice mess~qes. Durinq the t~st a numher 

of occasions were rpporterl where the pilot. mi5took th~ voic~ alert "Limit 

cl imb two t.housand feet. per m; nute" as hei nQ ilL imi t cl imt) to a tholJsanrl feet 

per minute". Ninety-two pprcent of the pilots fplt that the mo~;~ic~tion of 

the IVSI rlirl not rletract from th~ primary ourpose of the instrumpnt and that 

the use of color dirl help the interpretation of the information presenteo. 

Some of the chanQes SUQQesten for the rlispl~ys usprl in the test inclu~e: 

IVSI make briqhtness arliustahle 

rlrlrl horizontal m~npuver arrows 

inrlicate requirerl climh rtltp 

make nperlle more visibl~ 

LED reduce complexity 

make briqhtness adjustable 

move to qlareshield 

VOICE - reword messAqes to el imi nate amhi oui 1:y 

autom~tica'ly cancel after two reoetitions 

make more urqent 

Finally, all of the pilots felt that the alerts orovidprl thpm sufficient time 

to react and the pilots usually aqreed with the resolution advisory. 
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5.0 DISCUSSION ANn CONCLUSIONS 

Sinc~ any collision avoirlAn~e warninq can he defined as a time-critical alprt, 

of primary importance w~en considerinq the rlisplay sy~~~m ~o hp used is ~~e 

speed and accuracy of th~ response prorluced. Therefore, anythinQ that 

incrpases the speed of alert detection an~ response without havinq an adverse 

effect on responsp accuracy should be consirlerprl in the syst~m 

recommenrl~tions. 

Care must be userl when interpretina thp results of this experimpnt ~nd their 

real world sionificance, because the pilots ~now that ~'erts are Qoinq to 

occur durinq any exp~rimentation with crew alertino. When investiQatinQ 

time-critical alerts especially, the time between alerts must b~ artificially 

short because the experiments woul~ not be very cost effective if a more 
r~alistic time scale were used. Therefore, in th~ oresent study, the oilots 

were exoectinq the a'er~s and thpir responses were faster than t~ey would 
normally be. They were also faster becau~e the pilots did not have to 

complete the entire evasive maneuver for their respons~ hu~ r~ther thpy only 
harl to attain An acceleration of .~5G. Thes~ cnn5traints leArl to a skpwina of 

the rlata toward zero and rerlucerl the rlifferpnces ~monq treatment means raisina 

the level of difficulty in ~iscoverinq siqnificant differences h~tween the 

mpans. Therefore, any effects that were founrl to he statistically sianific~nt 

shoulrl he consid~red evpn thouqh they may not look to hp of prActic~l si~nifi-

cance, since it is expected that the diffprences will npcomp larn~r in real 
life situations. 

The results of the stu~y inrlicatp th~t not only th~ initial rletection t;~p hut 

also the chanqe detection tim~ is very sensitivp to the alprtinQ rlispl~y~. 

The initial detection time w~s depenrlent on three hasic alert combinations: a 

red liqht in the primary fie'rl of view with a warnina sound; an amher liaht in 

the primary field of view with a chime; and a CRT rlispl~y in the seconrlary 

field of view with the chime. Each of these combinations producerl ~ 

siqnificantly differ~nt mean oetpction time from the otn~rs. Th~ warninq 

liqht and sounrl producinq ~ faster d~t~ction than the amher liqh~ anrl sound 

even thouqh the amher liqht han twice the liqhterl surface area than the r~d 

liqht. The warninQ alert also han a voice component which could have heen 
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contrihutinq to detection performance; however, if this wpre the c~se, t~e 

ATC traffic advisories shoulrl have been detecterl f~ster than thp TCA~ liQnt. 
This was not thp case. Thes~ r~su'ts tpnt1 t.o inrticat.e that. t:h~ snunrl 

char~cter;stics w~rp mor~ import~nt in ~ttrnct;nq tn~ crew'~ ~ttpnt;on. It 

shows that for wflrninq situations, especially wl,~n time ;s critical, it chime 

may not be abl e to prot1uc~ c;uffi ci ~ntl y rrtpi rt r~<;oonsp times. The resul ts, 

that show sionificantly faster rletection with a liqht in the or;mary fielrl of 

vi~w than with a visual rlisplay in the second~ry fi~ld of view, ~re consistent 

with orevious studies (7,R) ;In~ ;nriicate that if the al~rt rPQuires ;nmJT1er1iate 

attention, a visual alert should be locaterl in the pr;m~ry fie'~ of view and 
cnmbined with ~ sound that is appropriatp for t~Q ur~pncy lpvpl. 

The next question to answer is whpthpr or not. thp caution or II Qet rearl.yll al~rt. 

is benefical anrl how much infor~ation noes it n~prl to supply to the crew. I~ 

the system is Qoing to use multiple urqenc:y lpvPls, the rletection of level 

change bpcomes an important factor. The TeAS liaht: reoresentst"e lpast 

complex caution nlert. Thp only inform~tion that it c~rries is ~he fact that 

an intruder aircr~ft has come to a c~ution lpvpl position. This alprt 

resulten in a siqnificant improvement in thp RA rtet:~ction t.ime wh~n C':Ol1lprtrprt 

to RA's which hart no prpvious caut.ion. nnp mioht then aSK, if' a littl~ hit. is 

qood, should more be better? The conditions that userl the CRT ~isplay for 

traffic had two alert levels before the RA. '4ith the urqenc.y levels chanqina 
every ten seconrts you waul r1 expect that havi nq two urQency 1ev~l s before the 

RA woulrl be as goo~ or better than the s;nqle level ann s;qnficantly bpttpr 

than with none at all. This was not the case. As t~e rpsults show, the RA 

detection with the CRT traffic displays was siqnficantly slower than with the 
TACS cuation liqht. There was no measurable differenc~ h~tween havina a CRT 

for the lower level alert ann havinQ no c~ut;on at all. This finninQ in~icates 

that somethinQ plse is overcominq the advantaqe createrl by usinq t~e CRT ~s a 

for the caution l~vel al~rts. If the RA is considererl an intrudina task when 
the pilot is usinq the traffic ~isolay, a workloa~ explanation can be Dostu

lated for the increAse in rletection time. Rolf~ (12) has shown th~t as work
load incr~as~s the performance of other tasks rlpcreas~s. Ther~fore, as the 

traffic display presents the pilot with an increase in ;nforma~;on i~ hpcomes 
more difficult for the resolution anvisory to attract his attpntion and there

fore for him to start the correct resnons~. The resoonsp perfnrm~ncp also 
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indicated this effect. Response time to the RA which followed the TeAS liqht 

(TA alert with the least information) was sianificantly shorter t~an the times 

for the RA response followinQ a CRT presented TA. It was further founrl t~at 

when the response time was hroken into its two components, the rletection 

component and the response component, the former w~s t~p rlrivino factpr in thp 

overall time. This indicates t~at whpn the time to respono is the only 

measurement crit~ria, the sooner the pilot qets the critiCAl infonnatinn the 

faster he· wi 11 respond. In the case of thi s study, thp cri ti cal.; nformati on 
was the quirlance presenterl on the resolution advisory oisolay. 

Another henefit attributpd to the information on the CR.T rlisplay is th;:lt it 

will permit the pilot to ~nticip~te the rlirpction of thp rpsolution anvisory 

maneuver if ~p is familiar with the alqorithms. In order to look ~t this 

effpct, the pilots werp hriefed ttlat the resolution arlvisory would alwfi,Ys 

direct them vertically away from t~e intruder (i.e., if the intrurler is ~novp 

th~ RA will he "Desc~nr'"). With this type of instruction, the pilots shoulrl 

have been able to use the positional information on the CRT to nreoare for the 

RA m;)neuver anti thus perform the maneuver f~c;t~r thrtn when th~y rliri not h~ve 

the information. Even thouq~ sixty-seven percent of t~e oilots reoorterl th~t 

they were usi nq the CRT i nformAt.i on to ~nt; C; PfltP thp RA mrlnpuver, thp oerfor

mance d~ta do not support this result. As pointprl out anove, the rliffer~nces 

observed in response performance were due almost exclusively to t~e rliffpr

ences i n th~ time to detect th~ resol uti on arlvi sory. Once t."~ ~l prt J,as open 

detected, the response ;s not ~epen~ent on ~he a~ount of information the pilot 

harl prior to the al~rt. 

The rpsolution advisor..y rlisplay rfirl have an pffect on thp pilots responsp 

performance, anrl wh~n the response tim~s were partitionprl into thp rlptpction 

anrl response componpnts it was found, ~s expect~d, that the differences were 

due to the response comoonent. Therpfor~, the presentation mp~ia ann format 

of the RA information was affectinq the pilots resoonse. The modifipo IVSI 

when combined with voic~ resulten in the Quickest responses and the voice 

alone the ~owest. The results support the pilots contention that they were 

usinq the visual rlisplay to initiate the action anrl the voice to v~r;fy 

response accuracy. To accompli~h this procedurp with the voice disp'~Y alone 
woul c1 requi re px tra time rluP to th~ s~ri ous nfit,urp of the vo; ce mpssttqe. 
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Th~ se rtat ~ supp0 r t. pr p vi () us fin dinq s, a s110101 ~ r ~y 0 f '1/" i ch can be seen i n F; qur e 

~.O-l, (11) which inrl;c~t~ th~t ~he hesr presentation me~horl for info~ntion 

whi~h requires raoid action is hy usina ~ combination of voice anrl visual 

riispl~ys. Tnp cOfTIplexity of the information present.erl on thp visual ~ispl3..v 

sp~ms to have bpen n cont.ributina factor to the respon~p and prpfprpncp 

rlifferences hetween th~ IVSl ann LEn rlisp'~Ys. Thp oilots fplt that thp LEO 

rlispl~y w~s overly complex and t~e rlat~ tend to SUDDort this feelinq. Even 

thouqh both displays presented a rtir~ctional arrow for thp alert, the response 

to the LEO \~as consistently slower t.han to the IVS1. Th~ incre~se in visual 

complexity with th~ tri-color backqround coulrl have causen the differpnc~. Th~ 

lack of ~ dynamic vertical sp~ed indication on the LEO displny was discussed 

as a major rlrawhack for the verticnl limi~ alerts as was th~ oerce;ve~ 

amhiquity of the rlisDl~y. 

The pilot inputs h~ve heen renort.ed in the results section ann in orevious 

sturties (4,h,7,R). T~ey support a systerl that has two 1pvels of uroency, 

caution an~ warn;nq, with master alprts, both visual ann aur~', announcinq 

each 1evel. The res01 uti on advi sory oi spl ay shoul d pray i rJe aui rl;:tnce i nforma

tion in as stra;qht forwarrl and least complex manner as possihle. Arrows 

should he used to show the rlirection of the prescrihprl m~n~uver and bRrs or 

some other inrlex shoulrl b~ used in conjunction with a vprtic~l spperl inrlic~tor 

to set vertical limits. Color is rlpsirahlp but too much color confusps t~p 

rlisplay. The voice messaqe5 should be ~onsistent with the v;su~l rlisDlay and 

they should be distinctivp so ~h~t there is no confusion h~tween alerts. 

The pilots were unanimous in thp;r rlesire for a caution levpl alert but their 

opinion was mixed as to how this should he implementerl. If howev~r, som~ form 

of traffic display were inclurled ;n the system, thpre arp certain cparacteris

tics that the pilots wouln l;k~ the d;spl~y ~o contain. T~e results indicate 

that the pilots desire ~ color araohic rlisplav which nresents at rt minimum the 

ranqp, altiturfe and bearinq of tau hrtserl intrurler aircraft. The altitude 

requestert was rplati\l~ to the own aircraft; howev~r, ahsolut.e altiturle w~~ 

not used in the test. A previous study (11), which had the pilot use rlhsolut.e 

altitude and not relative, reporterl exac+ly tn~ ODPoS;t.P fin(i;nos. Th~se 

resul ts suqgest t.hrtt the oi lots can liSP p; thpr f'rpsent~tion rlnrl ar~ h~opv wi t:11 

the one most famili~r to them. 
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Nature of stimuli 
Response time 
(sec) Test conditions and results 

Visual 
Visual and buzzer 
Visual and voice 

12.12 
4.02 
2.40 

Tracking task; no impact on concurrent tracking 
task performance 

Visual and buzzer 
Visual and voice 

4.57 
1.94 

Tracking task; better tracking with voice warning Visual and tone 
Visual and voice 

9.35 
7.89 

Visual and buzzer 
Visual and voice 

2.63 
1.62 

Visual 
Voice 

128.27 
3.03 

High-speed, low-level military flight tests 

Visual 
Voice 

44.05 
2.93 

Visual consisted of analog instruments and lights 
in an F-100 aircraft 

Auditory 
Visual 

2.2 
2.7 

Simulation of a typical cockpit environment 

Voice 
Buzzer 

1.94 
2.51 

Tone 
Voice 

9.35 
7.89 

F-111 simulator; each alert consisted of a master 
caution Iight, alert identification light, and aural 
annunciation of the type described to the left 

Tone, voice, and visual 
Tone and visual 
Voice 
Tone and voice 
Visual a 

Visual b 

5.0 
6.0 
5.9 
6.3 
7.6 
6.0 

Simulation of electronic cockpit environment 

aVisual presented outside pilot's primary field of view. 
bVisual accompanied by a master alert in the pilot's primary field of view. 

Figure 5.0-1. Typical Response Times as a Function of Display Type 
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6.0 TeAS CANOIDATE SYSTEM nESCRIPTlnN 

Th~ final st~p of the rlevelopmental simul~tion was to irlpntify the T~AS 

~isplay confiQuration which would be usprl not only in the orer~tion~l 

simulation hut also in future fliqh~ ~est proQr~ms. Tn orrler to oprform this 

task it was nec~ssary to review th~ TCA~ ann cr~w a'~rtinQ rlata hases ann 
utilizp t~e relpvent information. T~p lit.er~ture (?,~,~,7,A,11), test results 

anrl the pilots' subjective input (Section 4) w~re lJserl 1:0 irlent.i~v the act.ual 

rl i splay charae t~ r i stics • Inth~ 0 perat iona1 simLI 1ai:ion, the r ec OJl1T1 en rl erl 

display confiQuration will h~ implement~rl in simulation h~rdwarp ~nrl v~lirl~t~rl 

whilp tec;f:ino varioU5 operationill proc~rlures. 

fi.1 System Desiqn Ohiectives 

A number of rlesiqn objectives were used in irlenf:ifyino t"~ charactpristics flnrl 

lOQic of the displays recommenrl~t1 for TeAS. A "1ajor oh.ipct.ive w"s to riefine a 

~inimum s~t of information rpquirerl by th~ system an~ relatp th~t infnrm~tion 

to displays which are ~polic~h'e not only to ~rlv~nc~rl fliqht rlprks which havp 

~n int~qraterl ~'prtinq system hut ~lso to convention~l fliaht ~eck which 

requires rlerlic~ten alerts. In this framework, thprp was a rlpsir~ to opvelop 

an efficient ann ~ffective display confiQuration. Pr~sentation of the 

info~ation should minimize th~ tim~ for thp f'iQ~t cr~w to rletect, assess, 

and respond to the alerts. Inform~tion orocessinQ and memorization capahilit 

ies shoulrl be kept as low as possihle. All rlisplays and ~lert loqic shoulrl he 

quided hy the quiet dark cockpit o~ilosophy. Fin~l'Y, rlistraction anrl startle 

effects should be minimized to reduce rlisruoture of aircraft control. 

6.2 TeAS Display ConfiQuration 

One of the major obiectives of the rlevelop~ental simulation was to dp~ine the 

recorrmenderl rli sol a,y c:onfi Qurati on for imol ~ment(\ti on in subsequent. p"ase~ of 

the TeAS effor+.• 
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In orner to display TeAS information, two lpvels of alert urQency shoul n b~ 

used: 

o Warning - Resolution Arlvisory - situations that rpquirp 

irnmpdiate corrective action. 

f) Crtutinn - Trrtff;c Arlvisory - situations t.h~t. requirp immer1i~t.e 

crew awareness. 

As ~ minimum these levels s~ould he rpflect~rl in thp comhin~tion of system 

components. 

Thre~ primary ~;SP1AY components were irlentifien, a master c~ut;0n (TAl, ~ 

master warn;nq (RA) and resolution advisory rlispl~y {~oth visu~l ~nrl voicel. 

These components may he combined as follows: 

o	 Master Alerts 

o	 Unique caution sound and amher annunciator as the traffic 
arlvi sory (TA). 

o	 Unique warninq sound an~ red annunci~tor for the re501utinn 

arlvisory. 

o	 ResollJtion Advisory Displays 

o	 Visual rlisplay providino information availahle on the 

mortified IVSI 

o	 Voice alert with information equivalent to the visual 

rlisp1ay and continuous until cancelled 

The presentation of traffic information on a CRT ~isp'ay ;s also ~ methorl of 
pres~nting t~p c~ut;on lpvel alerts. Howpvpr, ~efore t~is type of ~;spl~y is 

recommenderl for inclusion as a necessary component of the TeAS s.Ystem, furt.her 
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testinq shoulrl bp contjucterl to assess its impact on th~ total ~ircraft system. 

Therefore, it is recommenrled th~t a CRT nisnlay presentina ~ color or~Dhic 

representation of traffic position and containinQ at least h~~rinq, altiturl~, 

horizontal separation anrl vertical nirpction information for p~ch intruder, ~p 

inclurle~ in follow-on t~st pfforts to nrovirle this assessment. 

The following sections wi'l present some of thp major char~cteristics of th~ 

system components. A more comprehensive descriotion of component ch~ractpris

tics and th~ h~sis upon which they were r~commenderl can he found in the rlpsiqn 

quidelines from the Aircraft Al~rtinq Systems St~nrlarrlization Study (?'. 

6.2.1 Master Alprts 

The master alerts are used to attract thp attention of the crew anrl orovirle 
prel iminary infonnation ahout thp urqency of the alf\rt. In the TeAS s.ystem 

only two levels of intrud~r alprts have been recommenrled, warninq (resolution 

advisory) and caution (traffic arlvisory). The m~stpr alert shou'" h~ uniQue 

for each level. Due to the attention qettinQ qualities of these alerts, they 
may become a r1istrac1:.ion once they hrtve p~rfor'11ed t.heir function. Ther~ff)re, 

they should he m~nually c~ncellable anrl shoulrl also cancel ~utomatical'y when 
the situation no lonqer pxists. 

It is further recommenderl that hoth visual ~nrl aur~l alerts be used to Qet th~ 

crews i!ttention so that the systefTI will be eff~c1:ive unrter the ma.iority of 

workload and environmental connitions. 

Master visual alerts should h~ provided for each of the cr~w members.' The 

location of the al~rts for the c~pta;n anrl first off;c~r shoulrl h~ within 
fift~en rlpqrpes of eac~ one's cpnterl;ne of vision (see Fiqure 0.2.1-1) hoth 

hpad-up anrl hpad down. T~is is known as the orimary field of view and has 
been defined as follows: 

o Head-up - centerline of vision is ~ linp from thp eyp referencp 

point in the aircraft pxtenrlinQ forw~r~ apnroxim~telv ten rteQreps 

helnw horizont~' • 
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o	 Hearl-down - centerline of vision is a line ~xtenrlinq from th~ ~ye 

ref~rence point to t~p c~nter of the AnI. 

Usinq these definitions will place the master visual alerts on or near the 

glareshielrl. Th~ master visual alerts shoulrl subtenrl a~ lpast one squ~re 

rl~gree of visual (lnql~. The liqht.~d portion of th~ (ll~rt shoulrt be coloren 

with amber heina us~d for the tr~ffic advisory (caution) and reo heinq userl 

for the resolution anvisory (warninq). 

On convent; onal fl i aht decks, di screte rlnnunc; fltors shoul d be used for the 

TeAS mast~rs. The leaend "TeAS· should be clearly visual on all the 

annunciators. For fliQht rlecks that have an intear~tprl al~rtinQ syst~m wi~h a 

comprehensive centrally located visual information displ~y, the ~xistinQ 

;'tmaster warninq/caution annunciat.ors should be utilizeri with "TeAS" messaqe 
output on thp information rlisplay. 

A different master aural alert should be used for each uraency level. The 

sounds that are chos~n shoulrl he rles;Qned to most effectively oenetrate the 

noise spectrum in the c~b. The intensity shoulrl he set at ~+ 3 dB ~hove t~e 

m~sken thresholrl ann hp helrl ~t that l~v~l hy usinQ ~utomatic qain co"~rol. 

So thrlt. the crew can quickly reco'lnize the sounrls and voice as heinq Qeneraterf 
by the al erti nQ system, they shoul ri he perceptuall.y separatp(j from 'competi nQ 

sound sources (e.Q. ATC, qrounrt cOnmlunictltion, etc.). Thp sounrls should he 
selected to reflect the ~lert uraency level. In order to do this thp 50un~s 

s~ould have the followinq charact~ristics: 

o Caution Sounrl (TA) 

stearly sound compos~rl of rlt lerlst two frpnupncips 

between 1nn anrl lsnn Hz. 

sound rluration betwppn 1.2 and ?O seconds 

sound should repeat every A to 1? seconds until cancellerl 
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o Warnino sound (RA) 

sound cons;stinQ of two alternatinQ fr~Quenc;es 

(European 5i ren) in t.he 400 'to loOn Hz ranoe sppar~.ted 

by at least ~OO Hz. 

p~ch frequency shoulrl be on fo~ 0.? to n.~ seconrls 

bpfore alternatinq to the oth~r 

master warninq shoulrl h~ activ~ for n.7~ spconrls before 

switchinQ to voice 

a silent tim~ of n.l~ to n.~ spconrls shoulrl bp provirlerl 

between the sound ann voicp 

Fiqurp ~.2.1-2 orovides a Qraphic presentation of sample master alertinq 

sounds. 

n.?? Resolution Arlvi~ory Displnys 

The rpsolution artvisory al~rt mp~t:5 th~ qualifications of (l "time-critical" 

alert spt forth in the alertinq system ~es;Qn Quirlelinps (?). The purpose of 

any time-critic~l rlisplay is to prnvirlp the cr~w with direct cues for res

Dondinq to the hiqh~st-urqency levPl of w~rninq. Ther'efore, reco"",~nrli-ltions 

for the presentation of alert information on t~e RA ~;splays s~oulrl follow 

thos~ quidelin~~. 

The resolution arlvisory will uSP hath thp aurlitory (lnn visual c"annels to 

orovide the oilots auidance for reso1vinQ the confl;~t. The information 

provid~rl shoulrl he des;qnen to f~cilit~t~ the ropirl rletection anrl oprformance 
of the appropriate response. 

A visual resolution advisor~y oisolay shoulrl he provi(jed for both the captain 

and first officer. The rlispla,Ys shoulrl be located within ea.ch pilot's 

he~d-down primary field of vi~w. This recommenrlation ;s consistent with th~ 

findings of Cooper (6) which statp tithe most urqent warninqs shoulrl he locaterl 

adjacent to the controls and rlispl~ys invo'v~rl in ,,'leviatinq the warninqll. 
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He further st:aterl t.hrlt "warn inqs reliJtpr1 to rtircrtift control, such as "PULL 

UP" should he located adjacent to tJ,e instruments that the pilot is IJsino such 

as theAOI or IVSI Ii These finrlinqs are also consistent with ....hp• 

recommendation that the RA rlisplay have vertical sp~ed as an inteQral part of 

its infomation. The rlispla.v shoulrl provide the oilot Quirlance as to the 

correct action. T~e most effectiv~ way to provide t~e inforffl~tion has heen 

fount1 to he qraphic usinq color t:o connote urQency. Carp must he user1 in 

rlevelopinQ any Qraohic scheme so tha~ the format is e~sily unrlprstoorl. An 

arrow should be used to qiv~ th~ direction of (In.y vprt.it:rll m~neuvprs. If the 

RA imposes a limit on a Manpuvpr ~'ready in proqrpss, b~rs or othpr tynes 0f 

indexes shoul rl he in con'; uncti on wi th t.hp vprti cal soeed i noi cat.or t.o show th~ 

limits. These limit h~rs shoulrl extenrl nown ~o zero feet Dpr ~inutp. In hath 

of these Cllses the alprt calls for irlJT1prlirlt~ action hy the cr~w rlnrl thus 

shoul d be corlerl rene The vi slJ~l RA ni spl ay shoul rl rpm~i n acti ve unti 1 the 

a1erti nq s i t.ua t.i on no 1onqer ~x; St.5 anrl t.hen cancpl. As wi th an-.y oth~r fl i Qht. 

instrument, the RA display shoulrl provine the crew with somp inrlic~tion when 

it has failerl. Two types of f~ilur~ h~v~ h~pn irlentifi~rl for consi~pration, 

harrlware anrl logic. Systpm hllrrlware failures shoulr1 hp id~nt.ifierl on the 

display by a physictll indication to the crew (e.q., flaQs, liqhts, hars, Ptc.) 

that the syst~m is not operative. If the aircraft h~s an inteqrated alertinQ 

syst~m, a messaqe shoulrl ~lso appear on the visu~l inform~tion rlisp'ay. The 

second failur~ type occurs when an RA condition pxists hut the 'oaic cannot 

provide quidance for that particular situation. In this case the crew nep~s 

to know that they are in an RA situation hut it must bp v~r.y clp;lr ":h~t thp 

system cannot qive Quidance. One way to accomplish this woulrl be to 

illuminate all the liqhts on the displ~y. 

The voice rlisplay for the resolution advisory shoul" reoeat the information 

provirled on th~ visual rlisplay. Because of thp time critical naturp of the 

alert, the voice messaqe should be activated automatically after a 0.75 secon~ 

presentation of the warninQ sound. The alprtinq sound and essential ~lements 

of the voice rnessaqe should be conveye~ within ?S seconds. The messaqe 

shoulrl rep~at until, 1) t.hp pilot c;:tncpls it manu"l'.v 2) th~ alprtino 

situation no lonqer exists or 3) th~ messaqe chanoes. In each of t.hpsp c~ses 

the messaqe sholll d campl etp then di scont:i nue. In case three thp npw messaQe 

would he precederl by the warninq sound. The voic~ mess~q~ shoulrl he prpspn~erl 

in a monotone with an intensity that is ~+ dB ahove the amnipnt nois~. 
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6.2.3 Traffic Information Display 

The test data inrlicate that t~e information increase r~sult;nq from n CRT 

traffic ;nform~tion display used for the TA can incre~se the oilot response 

times to the time-critical rpsolution a~visory. Therefore, carp must bp used 

in rlevelopinq procedures with ~ TeAS 1isoa~y system that inc'u~es t~is type of 

di spl ay. However, si nee t"e nevelopmental s;T1llJl ~t; on tpst:en 1:'.h~ CRT rli spl ~.Y 

only with resp~ct to its affect on thp r~so' ut.ion rtrivisor.v r~spo~se t;Jl1~, 

includinq the pilots anticipation of thp r~spons~, it is reeommenrlerl ~n~t 

further testinq be eonrtucted with ~ color qraphic presentation of traffir: 

inforMation to assess its impact on the use of TeAS ~nrl on th~ oppration of 

the ~ircraft as a whole. 

For testinQ, the rlisplay shoulrl nrespnt t.rnffic information qraphicall.y IAsinq 

color to portrilY th~ urqency 1 ~,,~l of pach i nrlivioual fl; rcraft. The nurnbpr of 

aircraft Dres~nt on the scr~en should be limited to a manaaeable number. nata 

has shown that: three (1; rcr(\ft on t"e screen at anyone timp shoul d he a 

Maximum. The utiliziation of the rlisolay shoulrl conform to the Qui~t rl~rk 

cockpit philosop~y which calls for alertinq rlispl~ys to he ~~rk whpn everv

thinq is normal. When the rlisplay is act;v~, the symnolOQy shoulrl move 

smoothly. UprJate ra.te shoulc1 he increnserl or some s1T1oothina function aopl ied 

to the symbol s to keen them from i ump; nQ. 

Care should be tnken in rlpvelopinq ~he qranhic nrpspnt~tion 50 that the dis

play c~n be e~sily interpr~terl and the sym~oloQY ~oes not conflict with 

symboloQY already present on the fliqht rlec~. Thp own aircraft symhol shoul~ 

be c~ntered horizontally ~nrl locateo tnwarrl the bottom of the screen to allow 

for faster head-on closure rates. The symhol should he consistent with othpr 

displays such as EHSI or Hun. At least one ranqe rinQ shoulrl be orovirlprl to 

q;ve the pilot some sense of rlistanc~ to thp tr~ffic. Thp sy~hol representinQ 

traffic should he distinctly rlifferent from the own ~ircraft ~nrl i~ s~ou'rl 

chang~ color with respect to its danQer to the own aircr~ft. A1 titurle 

~ssociated with each traffic symhol, if known, s~ould be rlisolayed in thp samp 

color as the traffic symhol. Thi s al ti tude ma.y he qi ven ; n ei ther absol ute or 

relative to the own altiturle. If ahsolute altitude is (liven for the tr(1ffiC, 

the own aircraft altitude should also be presented on the rliso1ay. Finally, 
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associate~ with t~e traffic shoulrl he some indic~tion of vertical motion. If 

the traffic is non-mo~e C equipment, some inrlic~tion (i .e, Qupstion m~rks) 

should he userl in place of the altitu~e to show the crew that no al~iturle is 

available. 

If surrounninq non-tau baserl tr~ffic is to be displayed, it shoulrl be avail 

able durina the TA-RA sequenc~ onl,y to conform to thp quiet. nark cockoit. It: 

shoul~ also be color coded wi~h a color other than red or amber. ' 

6.~ Follow-on Verification and Evaluation 

Phase II of the stuoy, thp Oneration;}l Si",ul~tion, will h;}ve as it.s oh,ier:tivpc;: 

o	 Develop and evaluate the ooer~tional proceoures associ~terl with 

CAS fllerts unrlpr bot.h normal anrt rthnormal f1iqht ooerations. 

o	 Assess chanops infliqht rlpck oppr~tion rtsso~iatpd with the CAS 

alerts 

o	 Asses~ operati on(11 procertures as rel at.prl t.o ATe control 

o	 Assess the impact of TCAS rlisn1ay re'luirempnt.s on fliqht deck 

systems and layouts 

o	 Valioate the rlisolay conceot in operational conrlitions 

Phase II will complement the concept TeAS display system in simulation hard

ware and instal' it: into (J motion-base simulCltor with full operational Cf'pa

bility. The appropriat~ TeAS softwar~ will hp implementerl to provirlp firlelity 

to th~ s; tua ti on and to make the fi nd i nQ s more Qenera1i zeah1e to actua1 
operations. 
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A.0 Simulation Center anrl Harrlware Layout nnrl Summary 

The various requirements of this sturly cal1p(j for an easily reconfiqurahlp 

facility in which spveral fliqht neck systems could bp rlemonstr~tprl, t~sterl 

and evaluated in a realistic environment. The Kpnt Visual FliQht Simulator at 

the FliQht Simulation Center was chosen. Located in n flpxihle pxper;mpntal 

simulation laboratory, the simulator, callect the Blue Cab, was morlifierl to 

represent a oeneric wide hody cockpit confiquration with a workinq pilots 

station. 

The cockpit instrumentation inclurled two TeAS advisory rlisplays, ~ TeAS 
odv i soryannuncia toranrj two TeAS fll e r t.; nq dp v -, cps (LE0 dis play anrl I VSI vI i t h 

directory lights). Several combinAtions or the TeAS ~~quipment were useri but 

they were npver all used toqpther. 

An external visual workloat1 was provirled t.o the tyi10t t.hrnuqh the forwarn 

wi nrlscreens; computer contro11 ed vi dpo user! for tak~off ~ ta~~qpt 1oCdti on.. Thp 

oi 1at was al so presenterl ~1 ert; nQ aural s, !1i r traffi c cont,~ol conlmanrls, 

hackqround cOmnluni cat; ons, ann ~nq; ne (inrl net#\O sounrls. 

The test conductor was in vi sual ~nd vo; ce cont~ct v11 th t~hf~ pi 1at t.hrOUQhou t', 

the tests from his console. This console enahlprl the t.est conducto'r" to 

interface rlirectly wit~ the main computpr and control all aurlio anrl virieo 

parameters. Fiqure A.n-l rlepicts the layout. of thp simul?ltion center. 

A.I Cockpit Simulator 

The Blue C~b-had a hybrid (electronic and conventional) main instrument panel, 

standarrl center console, and seats for th~ pilot anrl copilot. Activ~ fliQht 

instruments were provided for the oi1ot only~ Mounterl on a hyrlraulic olRt

form, the c~h was positioned towarrls the front (proiection screpn sidp) o'F tJH:~ 

10wererl platform. This place~ thp pilot~5 eye ref~renc0 ooint in an optimal 

re'~tionship with respect to the hemisperical projection screpn~ The 

projector was locaterl rlirpctly above the pilot anrl thp eye refprence point wa~ 

ahout eighteen feet from the screen. 1\. sirjp view of the 81 ue Cnh is 

illustrated in Fiqure A.l-1. 
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A.. &1 .. 1 Pilots· Instrumentation 

The Blue Cab's main instrument panels, supportinq framework anrl a1areshield 

was rlesiqned to r~present a qeneric wioe bony commprc;al aircraft. The 

pilots' instrument~t;on consisted of raster scan CRT's, stannarrl 

electro-mechanical instruments, annunciators ann switches. A (q inch) rolor 

Hitachi CRT w~s used for the EADI anrl it was driven by a Boeinq huilt color 

qraphi cs 9enera to r • Advanceo s.Y s t.em ale r t s \-1 ere pr ~ sen tprl 0 n a (S inc h) color 

Hitachi CRT. A Lexidata model 3400 color qraphics qenerator was userl to nrive 

this CRT. A (q inch) hlack and white CRT usprj to oisolay enqine instrument 

information was driven by a Roeinq built har qraohics qenerator. Rpfer to 

F; qurp A. 1. 1-1 . 

The servo ~nd synchro motors of the electro-mechanical instruments were rlriven 

from a local controll~r. Diqital information from the host computer was fed 

to the controller. The controller then passerl it throuqh diqita' to analoQ 

anrl diqital to syncro converters. Discrete input carrls sampled the switches 

when requested by the host computer. 

This includerl th~ Pilot Response Panel switches (Fiqure A.l.1-2). Except for 

the IITCAS ALERT" ann master Warninq/Crlution switch lamps, rtll liqht.ed 

annunciators were driven with discrete output cards. Th~ (amner) "TCAS ALERT" 
anrl (red and amber) warninq ann caution switches werp controlled by ~ TCAS 

audio-video (TAV) unit, (Section A.2.?). 

The FAA supplied a modified IVSI (with rlirector lamps' whic" is riiscusserl 

in Section A.2.6. Two rlifferent CAS Advisory Oisplays w~re evaluaterl. They 

werp mounted in the center consol e forward of the throttl es (Fi Qure A.l.1-?). 

These advisory disolays are rlescrihed in Spction A.~.5. 

A.? CAS Simulation Equipment 

The CAS Simulation Equipment was desiqnerl to operate as an inteqral sunsystem 

to the Blue Cah with only two interface links r~qu;red between it anrl the host 

computer (Fiqure A.2.-1). This desiqn marie it possible for the syst~m to he 

checked out before installation, easprl inteqration ann checkout in the 

simul~tion center, and will permit easier installation in different cockpit 

simulators for other phases of this study. The six subunits that make up the 

CAS equipment are described below. 
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A.2.1 8EU Simulator Unit 

In a TeAS equipPArl aircraft, Beacon Electronics Unit (BEU) will inteQrate 

aircraft performance data anrl compare it aqainst TeAS interroQative aircr~ft 

in the general vicinity. If an interc~Dt with one or more a;rcr~ft is 

predicted, the BEU will alert the f'iQ~t crew with an advisory ann/or time 

critical warninq device. 

An actual BElJ was not available for this sturiy so a Data General MicroNova was 

used to simul ate some of the BEU functi ons. The Mi croNova had 32k bytes RAM 

and a dual flexihle disk unit for proqram and data storaqe. Three RS-232 

serial ports and one 16-bit parall~l port were us~d. 

Mur:h of the BEU active loqic was not npeded h~cause IIc~nnedll intrusion 

scenarios were used. For this rpason the slower and less powerful MicroNova 

capahly supported this study. 

The MicroNova was siqnaled from the host computer when to start each intrusion 
sequence via RS-232 link. Table A.2.1-1 lists the m~ssaqes sent between the 

hos~ computer and thp MicroNova. 

The MicroNova outout to the Advisory Oisp'ay RS-232 Port. throuqhout each 

simulation run. This RS-232 port was connected to a switchinq hox thAt 

permitted the test conductor to select the AID disolay, th~ Smith/Col.lins 

~isplay or no a1visory display at all. 

The 29-byte message that was ouput at a rate of once per second (1 Hz) coulrl 

contain information on up to thre~ intrurlinQ aircraft in addition to own 
aircraft performance data. Fiqure A.2.1.1 rlepicts the advisory messaqe byte 

definition. 

When a PA, TA and/or RA alert occurred one or more of the twelve lines from 

the MicroNova to the TeAS Lamo Driven Unit were activaten. Th~ ten l~ast 

significant lines corresponded to the ten TCAS/IV~I director lamps. The oth~r 

two lines signaled TA's and PAIs. Table A.2.1.2 lists the valid messaqe/bit 

combinations. 
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Table A.2.1-1. Summary of Host-to-BEU Simulatioll Unit Message Formats 
--'1---Word BEU simulation unit ·1 

Description Word definition UnitsScaling I Rangenumber receiving modes 

Start of messageInitiate Run mode only1 
Number of bytesintruder 2 
Message ID = 13 
Intruder IDMessage 4 
Advisory status No. 1 5 

Initialization 

status 

Message 

No.2 

System time 
and simulation 
aircraft 
parameters 

Message 
No.3 

1 Sta rt of message 
2 Number of bytes 
3 Message 10 == 2 
4 BE U performance 
5 ADA status 
6 T1 (iteration) 
7 T2 (aid update) 

1 
2 
3 
4 
5 
6 
7 

Reset mode only 1 
I 
I 
I 

Message No.1 00 

Error 
message 

Message No.1 01 

1 
2 
3 
4 

Run, reset, or hold 
rnodes 

A-IO
 



BYTE 
ORDER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 

15 
16 
17 

18 
19 
20 
21 
22 
23 
24 

25 
26 
27 

28 
29 

7 o BIT NUMBER 
A 5 

BYTE COUNT 
SYSTEMTIME-hr 
SYSTEMTI ME-min 

SYSTEMTIME-sec 
AOA STATUS 
BEU PERFORMANCE 
SIM AIC ALT-LS BYTE 
SIM AIC ALT -MS BYTE 
IVSI BYTES 0 

IVSI BYTES 0 
INTRDR 1 ID 
INTRDR 1 RANGE 

INTRDR 1 RANGE RATE 
INTRDR 1 REL ALT 
INTRDR 1 AOA 
INTRDR 1 CAS COMMAND 

SAME AS BYTES 

12 TO 17 
FOR 
INTRUDER 2 

SAME AS BYTES 
12 TO 17 
FOR 
INTRUDER 3 

1 
2 
3 I
4 HEADER 

5 
6 
7 
8 
9 

1 
2 

3 ADVISORY FOR 
4 INTRUDER NO.1 
5 
6 

1 
2 

3 ADVISORY FOR 
4 INTRUDER NO.2 
5 
6 

1 
2 
3 ADVISORY FOR 
4 INTRUDER 3 

_~_L_ 
Abbreviations: 

AOA Angle of arrival
 
SIM Ale Simulation aircraft
 

LS BYTE Least significant byte
 
MSBYTE Most significant byte
 
INTRDR Intruder
 
CAS Collision avoidance system
 
REL ALT Relative altitude
 

Figure A.2. 1-1. Advisory Message Byte Definition 
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Table A.2.1-2. 

12 BIT OUTPUT 

ll-bit a 

000000000000 
001000000000 
000100000000 
000011110000 
000011100000 
000011000000 
00OOlQgOOOOO 
00000'0001111 
000000000111 
000000000011 
000000000001 
000000011111 
000000111111 
000001111111 
000011111000 
000011111100 
000011111110 
000011111111 
000011101111 
000011001111 
000010001111 
0000 1111 0111 
000011100111 
000011000111 
000010000111 
000011110011 
000011100011 
000011000011 
000010000011 
000011110001 
000011100001 
000011000001 
000010000001 
000011011111 
000010011111 
000010111111 
000011111011 
000011111001 
000011111101 
010000000000 

Definition of Parallel Data Sent to I V:;/ and TA \,/ by MicroNov8. 

TeAS MESSAGE 

NO VERTICAL COMMAND 
Slll\~B-MAX RATE 
DESCEND-MAX RATE 
ZERO CLIMB 
CLIMB liMIT 500 ft/rr'in 

CLIMB liMIT 1.000 ft/min 

CLIMB LIMIT 2,000 ft/rnin 

ZERO DESCEND 

DESCEND LIMIT 500 ft/rnin 

DESCEND LIMIT 1,000 ft/mill 

DESCEND LIMiT 2;000 ft/min 
CLIMB FASTER Ti,··}AN 500 ft/rnin 

ell MB FASTE R THAN 1,000 ft;'rnln 

CLIMB FASTER THAN 2,000 ft/ll1in 

1 
i 

Resolution advisory I
I 

~ 
Number 

1 

2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 

DESCEND FASTER THAN 500 ft!rnin 14 

DESCEND FASTER TH,l\N 1,000 ft/mip 15 

DESCEND FASTER THAN 2,000 ft/min 16 

3 AND 7 
4 AND 7 
5 AND 7 
6 A.NO 7 

3 AND 8 
4AND 8 
5AND 8 
BAND 8 
3 AND 9 
4 AND 9 
5AND 9 
6AND 9 
3 AND 10 
4 AND 10 
5 AND 10 
6 AND 10 
5 AND 11 
6 AND 11 
6 AND 12 
9 AND 14 
10 AND 14 
10 AND 15 
TA, CAUTION 

17 
18 
19 
20 I 
21 I22 
23 
24 1 

25 I 
26 

I 

27 I 
i

28 I 
j 

i 
29 I 
30 I 
31 I 
32 I

I 

33 I 
34 
35 

I36 
I37 i

38 

_ I.._-_.~ 

Note: The ten (10) least significant bits are for RA's, bit 10 is for TA's, and bit 11 is for PA's. 
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A.?'?. Lrlmp Driver for TCAS/IVSI anrt TAV Unit 

The Lamp Driver was was mounterl in th~ same rac~ as the MicroNova ~nrl the TAV 

lJnit. It acc~pted inputs (12 lines) from t.he MicroNova and provirlerl high 

voltage drive siqnals for the 2R volt lamps in the IVSI anrl th~ hiah volta~e 

receivers in the TAV unit. Switches on the Lamp Driver qave the test 

conductor the option of outputinq to the TCAS/IVSI anrl/or TAV and conductinq a 

1 i ghts test feature. 

A.2.3 TCAS Audio-Virleo (TAV) Unit 

The TAV unit funct.ioned as an alert controller in this sturly. (Fiqure 
A.2.3.1). A Ziloq Z80 microprocessor monitorerl an~ prioritized incominq TCAS 

alert s;qnals from the MicroNova (via L~mD Driver) anrl aircraft system alerts 
from thp host computer (via Warninq anrl Cau~ion control console). Table 

A.2.1.2 lists valid TCAS alertinq messaqes. Only three types of syst~m alerts 

wer~ recoqnized by the TAV unit; Warninq, Caution and Advisory. 

The TAV front panel has several switches for s~lectinq alertinq options anrl a 

LEO display that mirrors the status of the IVSI director lamps, Fiqure 

A.2.3-~. This layout qave the test conductor the ahility to easily chanqe 

alertinq arranq~ments and monitor intrusion runs. 

Three alerting tones are produced by the tone qenerator; warning = European 
Siren, caution = C-Chord and advisory = Sinqle Chime. These tones were used 

for TCAS anrl System alerts. The C-Chorrl had a q seconrl cycle, 2 seconds on 

ann 7 seconrls off, until cancel'en. 

The speaker enclosure was locatpo behinrl the pilots' riqht shoulder, Fiqure 

A.l.1-2. A microphone and pr~amp for thp automatic qa;n control were also 

mounted in th~ speaker enclosure. The autom~tic qain control was spt un to 

keep the aural tones about RoB above the amhient noise. The "critical 
bandwidth" monitorerl was 1no to 2400 hertz. 
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- ..... /1 

SYSTEM ALERTS CAS ALERTS FROM 
VIA MASTER BEU SIMULATOR 
CONTROL UNIT 

SELECTIONCONSOLE (MICRONOVAI -----------' 
SWITCHES FOR 
ALERTING 
OPTIONS 

zao CPU WITH 
RAM AND EPROM 

LED
416-BIT 

TCAS DISPLAY 
PARALLEL I/O 

IVSI LAMP 
L--_--=-D...:...E_COD=E~R______J 

LIGHTED TeAS 

LAMP DRIVERS ALERT SWITCH 

MULTIPLE TONE LIGHTED MASTER 
GENERATOR 1+-------....'11 

WARNING
CAUTION W/C SWITCH 

VOICE SYNTHESIZER 

POWER SUPPLIES FOR I VOICE!TONE 
LAMPS AND LED's -+l ~ SPEAKER WITH 

MICROPHONE 
FOR AUTOMATIC 

_. -' GAIN CONTROLl 
RS-232
 
CONTROL
 

Figure A.2.3-1. TeAS Audio- Video (TA V) Unit 
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TAV/IVSI SIMULATION WITH 10 ACTIVE 
LED's-RED ARROWS AND AMBER "EYEBROW" LAMPS 

RA 

M/C 

~e~o 
PLT 0 
DET 

T 
TA PA 

LT 

SW 

POWER"""'----+----+__-----1 

~ 
PA INDICATOR-GREENSELECTOR SWITCHES FOR 

• Master W/C switch TA INDICATOR-AMBER 
• Alert tones 
• Voice alert messages 
• LED time-critical display 
• TCAS alert switch 
• Light test switch 

Figure A.2.3-2. TA V Front Panel Layout 
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A National Semiconrluctor voice synthesizer chip was used t.o produce t.he TCA<; 

voice messaQes that are listerl in Table A.2~1.2e The inrlividual words wprp 

stored on PROM's. A total of 277 phrases, tones anrl oauses were availahlPe 

All recorrlinqs were donp by N~tional. T~e complpte vocahulary is listed in 

Table A.2.1-1. 

The two liqhterl alertinq switch~s were mountpo on thp Qlareshie'~ as shown i~ 

fiqure A.l.l.1. The split leqend M~ster W~rninq/Cau~;on onrl TeAS Alert 

switches were controlled ann sensed hy the TAV unit. Roth switches were also 

monitored hy the host computer. 

Fiqure A.2.3-3 is a hlock d;aqr~m of thp LED TeAS nisolay unit:. The TAV unit 

sent an eight bit address to the LED unit to display th~ LED imaops. The hit 

maps for all the TeAS qraphic and alphanumeric rlisplays were storerl on PROM's 

in the LED unit. 

A.2.4 FAA CAS Arlvisory Display 

An Airborne Inte'liqent Oispl~y (AID) anrl required supoort equipment were 

supplied by the FAA. The AID was n modifiprl Benrlix ~olor wp~ther radar 

display. A microprocessor based controller h~d its proqram stnrerl in PROM ~no 

on power-up it initializerl anri rtssumerl TRhulilr nisp'lay r-,1oop" Trt;s AID WitS 

only userl in tabular morle, althouQh it harl some qraphic capahi'ity~ A hlock 

diaqram of the AID system is shown in Fiqure A.234-1. 

The AID system received data from the REU simulation unit (Micro NOVA) via 

RS-232 line runninq at 9600 baurl rates Information was transferrprl to the AIO 

in formatted data blocks of up to 2Q R-bit bytes once every two seconns. Each 

data block heqan with a sync byte and hyte ~ounter followerl by ninp hyte 

hearler of own aircraft status and thpn up to thrpe arlvisory rlata hlocks of 
intrudinq aircraft. A data block was transferrerl to the AID every two seconds 

whether or not advisories were presente If ~dvisories were not present 

nothinq was displaye~ on the monitor. Refer to Fiqure A.2.4-2 for AID messaoe 

byte definition. 
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Table A.2.3-1. Voice Vocabulary List 

ONE Q DANGER HAVE NOT SLOWER 

TWO R DATE HEADING NOTICE SMOKE 

THREE S DAY HELLO NUMBER SOUTH 

FOUR T DE HELP OF SPACE 

FIVE U DECREASE HERTZ OFF SPEED 
SIX V DEGREE HIGH OHMS SS 

SEVEN W DEPOSIT HIGHER ON STAR 

EIGHT X DIAL HOLD ONWARD START 

NINE Y DIVIDE HOUR OPEN STATION 

TEN Z DO IN OPERATOR STOP 

ELEVEN ABORT DOLLAR INCHES OR SWITCH 

TWELVE ADD DOOR INCORRECT OUT SYSTEM 

THI RTEEN ADJUST DOWN INCREASE OVER TEST 

FOURTEEN ADVISORY EAST INTRUDER PARENTHESIS TH 

FIFTEEN AGAIN ED IS PASS THAN 

SIXTEEN ALARM EMERGENCY IT PER THANK 
SEVENTEEN ALERT END JUST PERCENT THE 

EIGHTEEN ALL ENTER KEY PICO THIRD 
NINETEEN AMPERE ENTRY KILO PLACE THIS 
TWENTY AND EQUAL LEFT PLEASE TIME 
THIRTY ASK ER LESS PLUS TOTAL 
FORTY ASSISTANCE ERROR LESSER POINT TRAFFIC 
FIFTY AT EVACUATE LEVEL POUND TRY 
SIXTY ATTENTION EXIT LIMIT PRESS TURN 
SEVENTY BRAKE FAIL LOAD PRESSURE UP 
EIGHTY BUTTON FAILURE LOCK PULSE USE 
NINETY BUY FARAD LOW QUARTER UTH 
HUNDRED CALL FAST LOWER RANGE WAITING 
THOUSAND CANCEL FASTER MAINTAIN RATE WARNING 
MILLION CASE FEET MARK RE WATER 
ZERO CAUTION FIFTH MAXIMUM REACH WEIGHT 
A CENT FIRE MEG READY WEST 
B CENTI FIRST MEGA RECEIVE WINDOW 
C CHANGE FLIGHT METER RECORD YES 
D CHECK FLOOR MICRO REPLACE ZONE 
E CIRCUIT FLOW MILE REVERSE 40Q-Hz TONE 
F CLEAR FORWARD MILLI RIGHT aOO-Hz TONE 
G CLIMB FROM MINUS ROOM 20-ms SI LENCE 
H CLOSE FUEL MINUTE SAFE 4D-ms SI LENCE 
I COLLISION GAS MORE SECOND 8O-ms SI LENCE 
J COMMA GET MOVE SECURE 160-ms SI LENCE 
K COMPLETE GO NEAR SELECT 320-ms SI LENCE 
L CONNECT GOING NEED SEND 
M CONTINUE GRAM NEXT SERVICE 
N CONTROL GREAT NO SET 
0 COpy GREATER NORMAL SIDE 
P CORRECT HALF NORTH SLOW 
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DECODING 
AND 
I/O 
CONTROL ADDRESSiNG 

TRICOLOR 
LED 
DISPLAY 
WITH 
REFRESH 
MEMORY 

ELECTRONICS ELECTRONICS 
AND 
BIT I\IIAP 

a-BIT PARALLEL INPUT FOR UP TO 
+ HAND SHAKING + 64 IMAGE 
POWER FROM TAV UNIT DEFINITIONS 

STORED 
IN 
PROM 

SECONDARY 
POWER 

CONDITIONING I 

I 

DISPLAY SURFACE 
lY2 x 3 in WITH 
22 PIXELS/in 

- OPTIONAL~! Ii· 

DRIVE 
LEDELECTRONICS 

UNIT : I 

--- J II. 

r--- -- --j
I ! 
I I III l 

I 

: OPTIONAL ! I' 

I LED ~ I 

i UNI~T!' 
__~I__ I_______ .JI 

"'------------------------ 

Figure A.2.3-3. Block Diagram of LED TeAS Display 
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DCINPUT 
POWERPOWER 
BOX+28V DC 

MICROPROCESSOR 
CONTROLLER 

EQUIPMENT LOCATED 
IN CENTER AISLE STAND 
FORWARD OF THROTTLES , • , 

DISPLAY 
SELECTION 
SWITCH 

KEYBOARDBEU 
R5-232

SIMULATION 
UNIT 

MILTOPE 
PRINTER 
(NOT USED) 

Figure A.2.4-1. Block Diagram of FAA-Supplied Airborne 
Intelligent Display (AID) System 

A-19
 



--

BYTE ORDER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

7 

Abbreviations: 

AOA 
SIM Ale 
LS BYTE 
MSBYTE 
INTRDR 
CAS 
RELALT 

BIT NUMBER 

A 5 

BYTE COUNT 

SYSTEMTIME (hr) 
-

SYSTEMTIME (min) 

SYSTEMTIME (sec) 

AOA STATUS 

BEU PERFORMANCE 

SIM AIC ALT (LS BYTE) 

SIM AIC ALT (MS BYTE) 

IVSI BYTES-Q 

IVSI BYTES-Q 

INTRUDER-l 10 
-

INTRUDER-1 RANGE 

INTRUOER-1 RANGE RATE 

INTRUDER-1 RELATIVE ALTITUDE 
--

INTRUDER-l ADA 

INTRUDER-1 CAS COMMAND 

-,--~ 

SAME AS BYTES 

12 TO 17 =3FOR 

INTRUDER 2 
-

SAME AS BYTES 

12 TO 17 
.

FOR 

INTRUDER 3 

2 

3 

4 

5 

6 

7 

8 

9 

HEADER 

2 

3 

4 

5 

6 

ADVISORY FOR 

INTRUDER 1 

2 

3 ADVISORY FOR 

4 INTRUDER 2 

56 I 

2 I 
3 ADVISORY FOR

4 INTRUDl 
5 

6 

angle of arrival 
simulation aircraft 
least significant byte 
most significant byte 
intruder 
collision avoidance system 
relative altitude 

Figure A.2.4-2. AID Message Byte Definition 
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A.2.~ GRAPHIC CAS ADVISORY DISPLAY 

Graphic CAS advisories were presenterl on a Collins color monitor driven by a 

Smiths color qraohics qenerator. The test conductor was ablp to select 
between two qraphic modes. One mode was identical to the one supplierl with 

the FAA AID. The other was an advancerl qraohic presentation. 

The data format and bus to the Smiths qraphics qenerator was identic~l to the 

one rlef;ne~ in Section A.2.4. 

A.2.6 CAS/IVSI UNIT 

An Intercontinental Dyanmics Corporation instantaneous vertical soe~d 

indicator (IVSI) modified with collision avoirl~nc~ system director lamps was 
used for the tests. The IVSI analoq syncro needle was driven hy the host 
simulation computer with an analoq syncro driver. The eiqht lI eye brow" lamps 

anrl two arrows were driven by the BEU simulation unit. Refer to Fiqure A.2-1. 

A.3 SIMULATION AUDIO AND VIDEO SUPPORT 

A.1.1 Simulation Audio 

A multiple tape player audio system was used to provide specific and qeneral 
ATC information plus aero ann engine noise. Fiqures A.3-1 and A.-1-2 show the 

auoic system block diaqram and equioment arranqement. 

The three ATC audio cassette players ~nd aero-enqine re~l-to-reel tape player 

were under limited control of the host computer via the Master Control 

Console, Section A.3.3. The aero-engine nois~ and ATC backqround aurlio tapes 

could only be started and stopoed. The ATC special and ATC TCAS messaqes 

could be started by the host hut they would not stop until the host siQna'e~ a 
stop and an end of messaqe siqnal was sensed on the taoes second audio 

channel. This arrangement allowed the host computer to precisely start ATe 
messaqes. The tapes would stop at the end of one messaqe ann be positioned at 

the start of the next one. 
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CASSETTE 4
 
TCAS SPECIAL
 
MESSAGES
 

SPEAKERSCASSETTE 2 
MARANTZ AMPLIFIER IN CAB ATC SPECIAL 

i 

MESSAGES CHANl	 ,---, 

":>
 I I
 
_	 ATC1-	 I I 

I SPEAKER[5CASSETTE 3 I 
ATC 

____ -.IBACKGROUND 

-[5~	 . I
TEST CONDUCTOR 

MICROPHONE 

):> 
I 

N 
N 

CHAN 1 

AERO CHAN 1 CHAN 1 ~ LARGE 
CHAN 1 ---- ['---7 3-WAY, ", 

-t>j 
• •	 ,,,, CHAN 2 SPEAKERSQi)

<=:> ENGINE CHAN 2 CHAN 2 l/",,,,".... -t>	 OUTSIDE 
.!::I==:!..'__J CHAN 2 --- --- CAB 

REVOX AERO 

AND ENGINE NOISE	 PROGRAMMABLE EQUALIZER 50% 300W/CHAN
 
AMPLIFIERS MIXER AMPLIFIER
 

Figure A.3.1-1. Audio Equipment Block Diagram 



EQUALIZER 

MIXER 1 CASSETTE 4 I I 
MIXER 2 

MIXER 3 

0 0
 

AERO AND 
ENGINE NOISE 

REEL-TO-REEL 

0 0 fCASSETTEI fCASSETTE;
I 1 I1_____1 I__ ~_~I 

VIDEO I-------1 
RECORDER I AMPLIFIER 1 I 

1______- I 

1---------1 
I I 
I IAMPLIFIER 2
I I 
I I
L ________ .J 

1--------1 

I I II CASSETTE 2 
I IAMPLIFIER 3
I I 
I IL _________l 

I
 
Equipment:
 
Audio cassette 1:
 
Audio cassette 2:
 
Audio cassette 3:
 
Audio cassette 4:
 
Audio reel-to-reel:
 
Video reel-to-reel :
 
Equalizer:
 
Mixer 1
 
Mixer 2:
 
Mixer 3:
 

not used 
ATC special, flightpath control 
ATC background 
ATC TCAS messages 
aero and engine noise 
not used 
aero and engine noise 
ATC message mixing 
not used 
not used 

Figure A.3.1-2. Audio Equipment Rack Layout 
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All the ATC aurlio cassettes outputs were mixerl and amplifiprl by one c~annel of 

a 60 watt per channel Marantz amplifier. A microphone input for the test 

conductor was also mixerl with the ATC messaqes. This microrhone w~s normally 

used before and ofter a mission sCAnario. 

T~e aero-~nq;ne noises were output on separ~te channels from thp r~~'-to-rppl 

tape player. The host contro"pn the output lpvels of channel with 

programmable amplifiersR The proqrammable amplifiers are rlpscrihAd in SAction 

A.3.3. An Altec Lansing ~udio frequpncy equalizer was userl to shape the aero 

and enqine noisps to m(lke them more realistic soundinq .. Aft.er thA ~qualizpr, 

an audio mixer was used so that e~ch of thp two la r qp speakers woulrl h~ve both 

aero-enqine nois~s. A 300 watt per channel Audio amplifier was ~ble to boost 

the aero-enqine noise 'ev~ls to rpalistic volumes. 

A.3.2 Simulation Visual 

A moving outside visual scene was projected on a thirty foot rliameter 

herm;spher;c~l screen in front of thp cah. This SCAne was projecterl by a 

h1ack and whi te pro'; ector that was mounted on 'too of the cab, di rectly over 

the pilot's head. The O1ovinq scenAS were nroviderl hy a closed~·circuit servo 

campra and lIcannedll visual intrusions on a virleo cossett.e player .. Fiqurp 

A.3.2-1 shows the video system layout. 

Take-off and landinq scenes were QPneratpd with the clos~rl-cirCIJit servo 

camera scanninq an ~irport martel The intrUder scenes w~re orerecorrlerl on 1/4e 

inch video cassette. When a intrusion sequence was to start the host comoutpr 

started the video pl~yer. The master control consolp had circuitry that wo~lrl 

sense the end of t~e scene and stop the tape. 
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CONTROL COMMAND 

\ 

INTRUDER VIDEO 
CASSETTE RECORDER 

HEMISPHERICAL 
SCREEN 

AIRPLANE 
COCKPIT 

00 
1 

60-deg 

COMPUTER 

AIRPORT 
MODEL 

DIGITAL
CONTROLLED 
TV CAMERA 

r-------------------
I 
I 
I 
I 
I 

):0
 
I
 

N
 
(J"I 

1 

TV MONITOR 
CONTROL STATION

Figure A.3.2-1. Video System Layout 
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A.3.1 Simulation Audio and Video Control 

Located next	 to th~ cab, on thp m~in floor of the simulrttion room, t~p moster 

conductor console provirled a qood view of the proipction screen, the pilot 

station,	 ~nd the audio anrl virleo equipment. Throuqh a tprmin~l on the 

console,	 the test conductor controlled the simul~tion host computer ~nd variprl 

simulation parameters. An intprcom system permit~ed communic~t;on with th~ 

host computer room, the martel room, and the cab. The cons01 ~ 1rt.YOIJt. ; s shown 

in Fiqur~ A.3.1-1. 

The f1uoio pqu;pment rack was locateri n~xt. to the console. Most of thp ~urli() 

system control s wpre remoted to the canso') e, ann the close prox im; ty of -t:hp 

equipment rack afforderl easy visurtl verification of actions taken. The ma~tf1r 

conductor console harl an internal 1~ linp hus that w~s fed from ~ lfi-hit 

interface with the host. This interf~ce allowed the host computer to rlirpctly 

control the audio players, vinpo player~ three clocks, aero-pnq;nA 

nroQrammahl~	 amplifiers. It 01so provirlerl an interfFlC? with t~e TAV unit. to 

pass aircraft system alerts. Refer to Fiqure A.3~1-? for a hlock rjiaal~am of 

the interface hus. Thp dev;c~ intprf(lCos ar(~i definprl helow. 

Dev;cp Interface #1, Address 1 (on018) 

=.	 ::Data Line - n sl i fie pro'; ec +.0 r rlirection, hion forwa rrl , low reverse 
1 sl ide projector 1, hiqh enahle, low tiisrlble:= 

::;2 sl ; de proj ector ? , hiqh enahlp, , ow = rlisahle 
1 sl ide pro.; pctor 1, hiqh = pnable, low = rlisa.h'e 
4 MCC, HOLD = low, RUN = hi qh, RESET = low 
5 clocks low, low hiqh 

::6 aurl;o cossettA 1.... , PLAY hiqh, STnp = low 
~)7 aut'iio cass~ttp L, PLAY = hiqh, STOP = low 
""'l	 = lowR audio	 cassptte ,') , PLAY hi qh, STOP 

q auriio rpel ) PLAY = high, STOP :.= low 
10 video cassette, PLAY Acti ve H;qh 
11 video cassette, PAUSE Act.ive HiQh 

ADDR.	 12 1
 
13 0
 
14 0
 
15 0
 

Notes:	 slidp projectors will not he uSAn for TeAS study
 
aurlio cassette 1 will play TeAS Special MessaQes
 
audio cassette? will olay ATC Special Messaqes
 
aud i 0 enS sette 3 wi 11 play ~\TC Brie kqro unrl Commun; C (l t ion
 
audio reel will nlay Aero and EnqinA Noise
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Device Intprface #2, Arldress 2 (n~lnB) 

T~is address is used to rlirect the TAV microprocessor or to sounrl the alertina 
tones and liqht the qlareshield mounted master warninq/caution switch. Values 
are latched anrl held until chanqerl by host. 

Data Line - 0 master warninq liqht, hiqh = on, low = off 
1 master caution liqht, hiqh = on, low = off 
2 warning tone, hiqh = on, low = off 
3 caution tone, high = on, low = off 
4 advisory tone, hiqh = on, low = off 
5 n 
7 o 
R N/C
9 N/C

In N/C 
11 N/C 

ADDR. 1~ a 
11 1 
14 o 
15 o 

Device Interface #3, Arldress 1 (00118) 

This address controls the Aero anrl Enqine Noise ProQramm~hle Amp'ifi~rs. Aero 
uses amp. #1 anrl Enaine uses amp. #2. Values are latched anrl held until 
changerl by the host. 

Data Line () 0 1 
1 - 0 1 
2 0 1 
3 - 0 1 
4 0 1 FULL ON 
t) - 0 1 
6 - 0 1 
7 0 1 
R n 1 
q - 0 1 

10 Siqn bi t - set. low always 
11 - Amp. Sel ecti on - hiah = Amp 2, low = Amp 1 
12 1 
13 1 
14 - 0 
15 - 0 
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A.4 HOST COMPUTER AND INTERFACING EQUIPMENT 

The simul;=ttion host computer was compriserl of thr~e Varian V7r:, comouters 

operatinq in parallel. A nine-track maQnetic tape syst~m was used to recorrl 

pilot responses, fliqht parameters, ann fliqht rlat~. 

All simulation equipment, inclurling the fliqht instruments, were controlled hy 

the simulation host computpr throuqh () chainino I/O controller (o.r chain 

controller). The chain control1~r on instruction from the host computer 

passed data to sel ected ; nstruments (or hardware) or r~tr; evert rlata from the 

simulator. The chain controller also interfacerl with the t~st conductorls 

console and th~ model room. The chain controller cyclen at a rate of 2e~ to 

10 milliseconds. Maximum usaqe brouqht it down to In milliseconds per cycl~. 

Therefore, the maximum delta hetween a pilot=s or fliQht enqineer's action ann 

the notation of that action was approximately one one-hundreoth of a seconrl. 
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APPENDIX B
 

PILOT TRAINING CHECKLIST
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PILOT BRIEFING r.HECKLJST 

1. INTRODlJCTION 

1.	 Biicl(qround 

a.	 This is an FAA proqram th~t dev~lops a systematic approach to 

collision avoioance systpms. 

b.	 Th~ proqram is a two-phase effort. this is the first phase. 

c.	 This first phase evaluates elpments of the potential TCAS 

alerting system. 

d.	 The second phase will plocP ? canrlirlate system in an 

operational simulator. 

You will participate in these tests. as well as the operational 

tests. Eventually. a system will QO on to fliqht test ahoard an FAA 

727. 

2.	 Phase 1 objectives 

ii.	 Evaluate TeAS display technoloqy for both conventional and 

electronic fliqht decks. 

b.	 Validate voice only as a viable command display. 

c.	 Determine the effect on the pilots response performance of 

adding threat advisory alert(s). 

~.	 Evaluate the effect of addinq ranqe and altitude to the threat 

advisory information. 

e.	 Evaluate the effect of addinq hearing to the threat advisory 

information. 

f.	 Investiqate the effect of presentinq threat advisories which 

do not proqress to avoi dance maneuver commands. 

II.	 FLIGHT TASK 

1.	 Active displays 

ii.	 EADI. HUD (if installed) 

b.	 HSI/DME/course arrow 
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c.	 Airspeerl 

0.	 Al timeter 

e.	 Vertical sp~ed/resolution arlvisory rlisolay 

f .	 Clock 
q.	 Alert rlisplay(s) 

h.	 Enqine instruments 

i . Fl aps
 

,; • 1.? key
 

k.	 LED resolution arlvisory rlisolay 

1.	 AID traffic anvisory display 
m.	 CRT traffic ~dvisory display 

2.	 Active controls 

a • ~4hee1 and col umn 
b.	 Rudder and toe hrake 

c.	 Speed hrake 

d.	 Flaps 

e.	 Gear 

f.	 Fi re handles 

g.	 Response switches 
h. 12 key
 

i • Throttl es
 

3.	 Fliqht path 

a.	 Takeoff 

b.	 Cl imb-cl oud layer - VFR on top 

c.	 Cruise 

d.	 Descent-clourl 1ayer - 2AO I ceilinQ 
P.	 Land 

f.	 Turns 
q.	 Autothrottle 

h. Windshear
 
i • Updates
 

4.	 ATC 

a.	 Flight path direction 

b.	 Traffic annunciation 
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III. CREW ALERTING 

1.	 Arlvanced system rlisplays 

a.	 Information (systems/AID/CRT) 

b.	 Master visual 

c.	 Master aural 
0.	 Voice alprts 

e.	 Time critical (LEO/IVSI) 

f.	 EAOI/HUn chanqe 

2.	 Conventional system display (not userl in this test) 

a.	 Distributed alerts 

b.	 Annunciator panel 

c.	 Oi screte tones 

3.	 Alprt response 
a.	 FliQht man~qement reSDonsps 

b.	 System mon~q~rnent responses 
c.	 Collision avoidance responses 

4.	 Rev;~w alerts and resonnses 

IV. TRAINING FLIGHTS 

1.	 Airplane familiarization fliqht 

a.	 Review hanrllinq 
b.	 Introouce ATC qui rtance 

c.	 Familiarization with fliqht plan 

d.	 Familiariz~tion with visual encounters 

2.	 TeAS system fami 1; ar; zati on
 

~. Review possible alerts
 
b.	 Review responses 
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POST FLIGHT OUESTIONNAIRES
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--------------------- --------
--------------------------

POST-FLIGHT QUESTIONNAIRE (IVSI) 

Please complete the fol'owinq Questions with respect to th~ BCAS confiquration 

that you flew with on your last fliqht. Use thp Comments section freely since 

your input is important to the development of IJseful reconwnenrti1tions. Also 

use the Comments section to enumerate any operational rlifficulties you foresee 
with this TCAS configuration. 

Pilot: Date: 

TeAS Configuration:

1. In general, were 

unambiquous? 

the actions requir~d by the comman~s clear ~nd 

Comments: 

Al ways 

75% 

Usually 
?~% 

Sometimes Selrlom Never 

2. Did the use of colors help in interpretinq the command rlisolay? 

Comments: 

Ver.y much 
~3% 

Some 

42% 

Very little 

17% 

None 
R% 

3. Did the modification of the IVSI by addition of command liqhts rletract 

from the primary purpose of the instrument? 

YES NO 

8% 92% 

Comments: 
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---

------------------------

-------------------------------

4.	 Did the command display contain TOO ~UCH or TOO LITTLE inform~tion; that 

is, was the display too busy or not informative enouQh? 

Ahout riQht 81%
 

Add the followinQ: How much and how fast, use TeAS light more
 

Delete the followinq:

Comments: 

5.	 Did the display and/or command cause you to make larqer than normal (.25G 

to 1000 fpm) vprtical accelerations? 

Always Usually Sometimes Selrlom Never 
17% ~n R% 25% 

Comments: 

6. Did the master alert(s) enhance or rletr~ct from system effect;v~ness? 

Greatly Enhance No Detract. Greatly 
Enhance Effect Detract 

17% 50% 25% 

COl111lents: 
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In the space below please describe any nifficulties you had durinq the flight 
and/or wi~h the TeAS equipment. Also use the space to Qive any overall 
comments on the TeAS display(s) and information presentation. 
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---------------------- ---------
-------------------------

POST-FLIGHT nU~STlnNNAIRE (LEO) 

Please complete thp following Questions with resopct to the RCAS confiQuration 

thflt you flew with on your last fliQht. lJSl3. the Comments section freply since 

your input is important to the rlevelopment of useful recomJl1~nrlations. Also 

use the COf1111pnts section to enumerate any opprational difficulties yOI1 forespe 

with this TCAS confiquriltion. 

Pilot: na~e: 

TeAS Confiquration:

1.	 In qeneral, were the actions re~uirerl hy the commanns clear anrl 

unambiquous? 

Always Usually Sometimes Selrlom Npver 

2"% 50 17% R% 

Comments: Limit	 Commands oifficult to read 

2.	 Did the use of colors help in interpretinQ the command ~;splay? 

Vpry much Some Very little None 

17% 06% 17% 

Comments: 
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-------------------------------

3.	 Did the command display contain TOO MUCH or TOO LITTLE information; that 

is, was the display too busy or not informative enouqh? 

About riqht 42%
 

Add the following: A% add r~te information
 

Delete the following: S()% too hus.y, make graphics more simple 

Comments: 

4.	 Did the display and/or command cause you to make larqer than no~a' (.~~G 

to 1000 fpm) vertical accel~rations? 

Al ways Usually Sometimes Seldom Never 

A% 75% 17% 

Comments: 

5. Did the master alert(s) enhance or detract from system effectiveness? 

Greatly Enhance No Detract Greatl.y 

Enhance Effect Detract 

17% A3% 

Conments:
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In the space below please describe any difficulties you ~arl rlurinQ the fliQht 
and/or with the TCAS equipment. Also use the space to Qive ""y ovprrt'l 
comments on the TCAS display(s) and information presentation. 
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--------------------- --------
-------------------------

-----------------------

POST-FLIGHT QUESTIONNAIRE (VOICE) 

Please complete the followinq questions with respect to th~ TeAS confiquration 

that you flew with on your last fliqht. Use the Conments section freply since 

your input is important to the development of useful recommenrlations. Also 

use the Comnents section to enumerate any operational difficulties you foresee 

with this TCAS confiquration. 

Pi lot : 0ate : 

TCAS Configuration:

1.	 In general, were the actions required by the commands clear and 

unambiquous? 

Always Usually Sometimes Seldom Never 
50% 50% 

Comments: Without visual, voice/should stay on until problem is saved. 

2.	 Did the command display contain TOO MUCH or TOO LITTLE information; that 

is, was the display too busy or not informative enouqh? 

About right 25%
 

Add the following: 75% voice should stay on, need visual
 

Delete the following:

Comments: 
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3.	 Werp the voice alerts ever interfered with by other communication? 

Usually Sometimes Seldom 
33% 17% 

Comments: 

4.	 Did the display and/or commanrl cause you to make larQer than normal (.?5G 

to 1000 fpm) vertical accelerations? 

Al ways	 Usually Sometimes Seldom N~ver 

25% ~n% R% 17% 

Comments: 

5. Did the master alert(s) enhance or detract from system effectivenpss? 

Greatly Enhance No Detract. Grpatly
 
Enhance Effect. Detract
 

17% 50% 17% 8% R%
 

COlll11ents: 
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In the space below please describe any difficulties you had durinq the fliqht 
and/or with the TCAS equipment. Also use the space to qive any overnll 
comments on the TCAS display(s) and information presentation. 
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---------------------- ---------
--------------------------

POST-FLIGHT QUESTIONNAIRE (CURRENT GRAPHIC)
 

Please complete the following questions with respec~ to the TeAS conf;qur~tion 

that you flew with on your last flioht. Use the Comments section freely since 

your input is important to the development of useful recommenrlation5. Also 

use the Corrrnents secti on to enumerate any operati onrl' rli ffi cul ti es you foresee 

with this TCAS configuration. 

Pilot: Date: 
TCAS Confiquration: 

1. Were the traffic advisories presented in time to be effectively userl? 

A1ways 
h4% 

Usually 
16% 

Sometimes Selrlom Never 

Comments: 

2. Were the traffic advisories as useful as current ATC traffic arlvisori~s? 

More 

useful 
64% 

About 

as useful 
27% 

S~ldom 

as useful 
q% 

Nevpr 

as lJs~ful 

Conments: 

C-ll 



-------------------------------

3. How did the advisories affect your workload as compared to current ATe 
advisories? 

Unacceptable Acceptable No effect Sma' 1 Larqe 
increase ; n increase in on workload decrease rlecrease 

workload workload in workload in workload 
73% 9% q% 9% 

Comments: Much easier than tabular, lookinq at scre~n hreaks up scan 

4.	 Do you feel the threat display would help you locate traffic you would not 
nonnally see? 

Always Usually Sometimes Seldom Never 

64% 36% 

Comments: 

5. Do you feel that the master caution alert was necessary to draw your 

attention to the threat display? 

Al ways Usually Sometimes Seldom Never 
27% 55% lR% 

Corrments:

6. Was the qrap~ic format clear anrl unambiquous? 

Al ways 
27% 

Conments: 

Usually 
55% 

Sometimes 
1~% 

Seldom Never 
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-----------------------

----------------------

--------------------------------

--------------------------------

7 Was there 

format? 

too much or too little information provided by the qr~Dhic 

About right 73% 

Add the following: 27% system accuracy, predicted track -------- 

Delete the following:

Comments: Suggest use of another symbol for the intruder because the trianqle 
seems to indicate direction of movement 

R. Did the use of color in the display aid you in interpretinq the 
message? 

Very much Some Very 1ittl e None 
9% 73% 1R% 

Comments:

9. Were you able to use the qraphic presentation of the traffic 

advisories to anticipate the evasive maneuver? 

Al ways Usually Sometimes Seldom Never 

9% 1)5% 27% 9% 

Comments:
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In t'1~ space helow please describe any difficulties .you hac1 durinq t.h~ fliqht 

and/or with the TeAS equipment. A'so use the space to qive Any overall 
comments on the TeAS disolay(s) anrl information presentation. 
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---------------------- ----------
---------------------------

POST-FLIGHT QUESTIONNAIRE (NEW GRAPH1C) 

Please complete the followinq questions with respect to the TCAS confiouration 

that you flew with on your last fliqht. Use the COfl1l1lpnts section freely sinc~ 

your input is important to the dev~lop11lent of useful recommenc1ations. Also 

use the COf1111ents section to enumerat~ any operaf:ional difficulties you forese~ 

with this TeAS confiqur~tion. 

Pilot: D~te: 

TeAS Confiqur~tion: 

1. Were the traffic advi sories presented in time to be effectively lJserl? 

Always Usually Sometimes Selrlom Npver 

82% 18% 

Comments: 

2. Were the traffic advisories as useful as current ATC traffic advisor;ps? 

More About Selrlom Never 

useful as useful as useful as useful 

64% 27% 9% 

Comnents: 
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3. How did the advisories affect your workloarl as compared to curr~nt ATe 
advisories? 

Unacceptahle Acc~Dtab'e No effect Sma' , Laroe 
; ncrease ; n increase in on workload decrease d~crease 

workload workload in workloarl in workload 
fi4% 9% 27% 

Comments: 

4.	 Do you feel the thr~at display would help you locate traffic you woulrl 

not normally s~e? 

Usually Sometimes Seldom N~ver 

45% 37% 

Comments: Possibility of misidentification exists 

5.	 Do you feel that the master cauti on al ert was necessary to draw your 

attention to the thre~t display? 

Always Usually Sometimes Seldom Never 
lA% 64% 9% q% 

Comments: Do not need three levels, visual and aural should come oN at the 

same time 

6. Was the qraphic format clear ann unambiquous? 

Al ways Usually Sometimes Seldom Never 
36% 1fi% '1.7% 

Comnents: Prediction vector added unnecessary clutter 
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-----------------------

7. Was there 

fonnat? 

too much or too little information provirlerl by the qraphic 

About riqht ql% 

Arid the following: 9% instrurler's speerl 

Delete the followinq: 

Comments: 

R. Were you able to read the tahular information fast enouqh? 

Al ways 

9% 

Usually 

26% 

Sometimes 

64% 

Selrlom Never 

Comments: 

9. Were you able to use the tabular rlata to anticipate the evasive maneuver? 

Always Usually 

64% 

Sometim~s 

30% 

Splrlom Never 

COJ1111ents: 
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In the space below please describe any difficulties you had durinq the fliqht 

and/or with the TeAS equipment. Also use the space to qive any overall 

comments on the TeAS display(s) and information presentation. 
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---------------------- ---------

-----------------------

POST-FLIGHT OUESTIONNAIRE (TABULAR WITHOUT REARING)
 

Please complete the followinq questions with respect to the TCAS confiquration 

that you flew with on your last fliqht. Use the Comments section freply sincp 

your input is important to t~e oevelopment of useful recommenoations. Also 

use the Comments section to pnumera~e any operational rlifficulties you foresee 

wi~h this TCAS confiquration. 

Pilot: nate: 

TCAS Confiauration: 

1. Were ~he traffic arlvisories oresented in time to be effectively used? 

Always 
4~% 

Often 
36% 

Sometimes 
lq% 

Seldom Never 

Comments: 

2.	 Were the traffic advisories ~s useful as current ATC traffic 

advisories? 

More About Seldom Never 

useful as useful as useful as useful 

qtt 36% ~6% lR% 

Comments: Update rate very distractinq
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3.	 How did the arlvisories affect your workload as compared to current 

ATe advisories? 

Unacceptable Acceptable No effect Sma' 1 L~rQe 

increase in ; ncreasp in on workloari rlecrease d~crease 

workload workloR(1 in workloarl in work1oiid 
27% 64% C}% 

Comments: Too much interpretation, multiple alerts impossihle 

4. Do you feel the threat rlisplay would help you locate traffic you 

would not normally see? 

Comments: 

Always Usually Sometimes 
ql% 

Selnom 

9% 

5. Do you feel that the master caution alert was 

attention to the threat displ~y? 

necessary to draw your 

Comments: 

Al ways 

36% 

Usually 

46% 

Chime;s inadquate 

Sometimes 

9% 

Seldom 

6. Did the tabular 
of the threat? 

nata provide a clear and unambiquous representation 

Al ways 
q% 

Usually 

9% 

Sometimes 

36% 

Seldom 
q% 

Never 
36% 

Comments: Too hard to "picture" where the traffic is. Colors were more 

important than the actual data 
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---------------------

7.	 Was there too much or too little information provided by the tabular 

format? 

About riqht '1.7%
 

Add the following: 73% add heflring
----------..;;.;,------------- 

Delete the following:

Comments: Do not like update rate 

8. Were you able to read th~ tahular information fast enouqh? 

Al ways Usually Sometimes Selrlom Never 

54% 27% 9% 9% 

Comments: 

9.	 Were you able to use the tabular rlata to anticipate the evasive 
maneuver? 

Always Usually Sometimes Selrlom Never 

27% lR% 54% 

Comments:	 Especially difficult with multiple intruders 
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In the space below please descrihe any difficulties you nad rlurinq the fliqht 
and/or with the TCAS equipment. Also use the space to give any ov~rall 

comments on the TCAS ~isplay(s) and information presentAtion. 
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--------------------- --------
---------------------------

POST-FLIGHT QUESTIONNAIRE (TABULAR WITH BEARING)
 

Please complete the following questions with respect to the TeAS confiquration 

that you flew with on your last flight. Use the Comment.s section freely sincp 

your input is important to the ~evelopment of useful r~commendations. Also 

use the Comments section to enumerate any operational difficulties you foresee 
with this TCAS confiquration. 

Pilot: Date: 
BCAS Confiquration:

1. Were the tr~ffic advisories presented in time to be effectively us~rl? 

Always	 Usually Sometimes Seldom N~ver 

5~% 36% q1, 

Comments: Multiple intruders difficult 

2. Were the traffic advisories as useful as current ATC tr~ffic 

advisories? 

More About Seldom Never 
useful as useful as useful as useful 

lR% 73% 9% 

COn1llents: 
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3. How rlid the advisories affect your workload as compared to current 

ATC advi sories? 

Unacceptable Acceptable No effect Sma' 1 LarQe 
increase in ; ncrease in on workload rlecrease decrease 
workload workload in workloao in workload 

27% ~4% g% 

Comments: Time consuming interpretation 

4. Do you feel the threat display woulrl 

would not normally see? 

help you locate traffic you 

Always Usually 
54% 

Sometimes 
27% 

Selt10m 
lAt 

Never 

Comments: 

5. Do you feel that the master caution alert was 

attention to the threat display? 

necessary to rlraw your 

Comments: 

Always 
55% 

Usually 
27% 

Sometimes 
18% 

Seldom Never 

6. Did the tabular data 

of the threat? 

provide a clear and unambiquous representation 

Comments: 

Al ways 
9% 

Usually 
36% 

Sometimes 
45% 

Seldom 
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7. Was there 

fonnat? 

too much or too little information provided by the Qraphic 

About riQht ql% 

Add the followinq: 9% direction of intruder vertical motion 

Delete the fol1owinq:

Comments: Multiple intruders could not be undprstood 

8. Were you able to read the t.ahul ar infonnation fast enouqh? 

Always Usually Sometimes Seldom Never 
9% 27% 64% 

Comments: 

9. Were you ahle 

maneuver? 

to use the tabular data to anticipate the evasive 

Comments: 

Always Usually 
64% 

Sometimes 
36% 

Seldom Never 
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In the space below please rlescribe any rlifficulti~s you had riurinq the fliQht 

and/or with the TeAS equipment. Also use the space to qive any overall 
comments on the TeAS d1splay(s) and information presentation. 
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----------------------------------
---------------------- --------

------------- ----------
-----------------------

------
--

-------------------------

----------------------

Observer No. 

TRAFFIC ALERT AND COLLISION AVOlDANCE SYSTEM (TeAS)
 
FLIGHT CREW OlJESTIONNAIRE
 

Name:

Company: Aqe:
 

Present Position: Aircraft:
 

Pilot Certificate(s) Held:
 

Total Hours: Post Year:
 

In the space below, identify the tyoes of aircraft: you have flown. Put (\ 1 

ahove the aircrflft type you 

so on. 

"ave flown most recently, (l 2 abov~ thp next, find 

42% 

(8-707) 

R3% 

(8-727) 

l10% 

(B-7~7) 

17% 

(B- 747 ) 

R% 

(DC -R ) 

~1% 

(DC-q) 

2~% 

(DC -1n) 
R% 

L -1011 ) (C'ther) 

00 you reqularly fly into TCAls? 

YES 100% NO
(approximately times a year)
 

{wt,ich airports?
 

Were you familiar with the TCAS proqram prior to your solicitation or
 
selection to particioate in this pxperiment? 

YES 67% NO 17% VAGUELY 17% 

Comments concerninq TeAS: 

Please complete the following Questionnaire, answerinq the questions with your 

present views on aircraft separation in qeneral anrl the Traffic Alert anrl 
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Collision Avoirlance System (TCAS) specifically. Althouqh the comments flre 

optional, they can provide a valuable contribution to the test prooram. 
COf11Tlents may be used to expand upon or qualify your initial answer, or to not~ 

that the question is not framerl in a manner which allows your true opinion to 
be expressed. Therefore, please use the Comments sections liher~lly to ensure 

proper interpretation of your answers. If you ar~ not familiar with certain 

aspects of the TeAS, please answer the Question anrl inrlic~te in the Comments 

section your reservations. If you comment exceerls the space proVioerl Dle~se 

continup it on the back of the paqe or on a spoarate piece of paopr (be sure 

to number the continuation with the Question number). In this section of th~ 

questionnaire there are two types of Questions: The first is multiple choic~ 

in which you should select the answer that most closely matches your opinion. 
Seconrlly, there are the open-ended questions askinq for a written response. 

Please answer these completely. Remember there is no riqht or wronq answer; 

your thouqhts are import~nt. 

1. In qen~ral, do you feel that ~ collision avoirlance system shoulrl he 

a • Required on all aircraft imnef1iately. 

75% b. Required on all ai rcraft as soon as it can be implementerl anti 
rlemonstrated to perform rel i abl y. 

c. Requiret1 on all aircraft in the termi nal area onl y. 
0. RpQuired on all aircraft above or helow cl::\rtain altitude 

(; no; cate al ti turie ) .
 
above helow
 

R% e. Required on air carrier aircraft only. 

8% f. Implementerl as soon as it can he tierl to the ATe system to provirle 

total traffic control. 
R% q. Not required. 

Comments: lJserl as ~ back-up for ATC. Systpm should be reliahle, economically 

reasonable and compatible with ATC. 
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2a. Pleas~ rank all the display confiqurations that you 

(1 = most pref~rrerl to ~ = least preferred. 

f'~w rlurinq the t~st 

1 

2 

3 

IVSI AND VOICE 
LED AND VOICE 
vnICE ONLY 

2b. Please rank all the threat advisory (TA) display formats that you 

(1 = most preferred to n = least preferred). 

ohserverl 

6 

2.6 

4.4 

1.2 

2.3 
1.5 

None 
Precursor LiQht 

Tabul~r without Anqle of Arrival 
Tabular with AnQ1e of Arrival 

Minimum Graphic 
Advanced Graohic 

~c. Are there any displays 

rlescribe them and qiv~ 

or formats that you would arlrl? 

a rank relative to the ahove. 

If so pleasp 

2d.	 What display or combination of displays would you like to see used by the 
TeAS s.ystem? 

TeAS liqht plus IVSI (45%) advanced qraphic plus IVSI (55%) could use 

EAOI on new aircraft 
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--------

-------------------------------

3a. Rank the followinq items in relative importance for accurate resolution of 

a conflict (1 = most important, 18 = le~st important). 

Ran~	 C~pck if the 

item is ~ssential 

Altitude of othpr aircraft 1.R 100%
 

Hearlinq of other aircraft 0. 4
 

Relative bearinQ 3.1
 

Range of other aircraft 1.~
 

Other ~;rcraft type In.A
 
Vertical speerl of other aircraft A.7 17%
 

Horizontal closure rate F>.4 17%
 

Vertical closure ratp 7.6 17%
 

Closure anqle Q.7
 

Other aircraft irlentify 17.1
 

Projected miss oistance horizontal Q.2
 

Projected miss distance vprtical Q.5
 

Direction of miss (e.g., passinq to left) 1?7
 

Time to closest approach q.5 17%


Turninq!not turning status of intrurler 9.5 R%


Whpther or not the intruder is TCAS ~Quipped1?4
 

Airspeed of intruder 11
 

If intruder' is ATC cont.rolled 12.4
 

COOl11ents:

1b.	 Are there any other items of information that you woulrl like to have in a 

conflict situation? If so please describe them anrl inoicate if t~ey are 
essenti al • 

Direction	 of vertical movement (42%) 
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4a. Do you feel that both corrective (climb) 

commands are nec~ssary or useful? 

and rest~ict;ve (rlon't descenrl) 

Unnecessary 
Useful 
Necessary 

CORRECTIVE 

A% 

92% 

RESTRICTIVE 
25% 

42% 
33% 

4b. Do you feel that both types of commanrl 

criticality? 

havp equal operational 

Corrective more 
cr; ti cal 

f>7% 

Both the 
same criticality 

j~% 

Restrict;v~ 

more cr; ti cal 

4c. In your opi ni on, what ; s the best presentati on format for th~ 

command alerts (e.q., alphanumeric, arrows, pictorial, etc.)? 

correct.ive 

Arrow plus voice (100%) 

4d. What is the best prpsentation fo~at for restrictive commands? 

Bars/vertical speen plus voice (Q2%), voice (A%) 

Comments: All quidance shoulrl be positive 
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~.	 It has also heen proposed the TeAS use IImaintenance ll alprts in con,;unc

tion with the "commandll alerts. 00 you feel that both maintenance 

(maintain climb faster than 10no fpm) and command alerts are necpssary 
C\nd why? 

Yes
 

67% 33%
 

Explain: 

6.	 In qeneral, were the actions indicat~d by the commands durinq the test 
fliqhts clear anrl unambiquous? 

ALWAYS USUALLY SO~1ETlfv1ES SELDOM NEVER 
25% 5A% 17% 

Comments: 

7. Do you feel that the cOfTll1ands used in the test qave .you suffi ci ent time 
to react? 

ALWAYS USUALLY SOMETIMES SELDOM NEVER 
58% 42% 

Comments: 



--------------------

A. Din you agree with the command qiv~n?
 

ALWAYS USUALLY SOMETIMES SELonM NEVER
 

Comments: When a pilot anticipates thp commanrl ann it is different he wi" be 

rel uctant. 

9a.	 Did the display and/or conmrtnd cause you to make larqer than brief~d 

(.~~G excersion to 1000 fpm) vertical accelerations? 

ALWAYS USUALLY SOMETIMES SELDOM NEVER 
~j%	 2')% 

Comments: Should have a motion base or a G meter 

9b. What chanqes in format 

perfonnance? 

shoulrl be mane to the IVSI to improve system 

LiQhts 
rate 

are too briqht, arid horizontal arrows, indicate require~ climb 

qc. What changes should be made in the LED display? 

Too busy, move to glareshield

qd. What chanqes should b~ made in the voice? 

Clarify limit command 
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10.	 Does the modification of the IVSI by addition of commAnd liqhts rletract 

from the primary purpose of the instrumpnt? 

YES NO 

A% Q2% 

Comments: 

11a.	 Does the use of color on the commanrl rlisplay hplo in in~prpretinq the 

information presenterl? 

VERY MUCH SOME VERY LITTLE NO~'E 

~7% 25% 

Comments: 

12a.	 There have been two ways rl~finerl to present the horizontal separation 

between your aircraft and an intrurler. T~e first is by time (TAU) which 

takes. into account not only range but ;:11 so closure rate. The second is 

the actual ranqe (distance to the intrurler). Which inform~tion would you 

prefer? 

Time Ranqe No Preference Other 
42% 42% 17% 

12b.	 Was the scalp used in the test satisfactory? 

Very Satisfactory Rord~rline Unsatisfactory Very 

Satisfactory Unsatisfactory 

67% 

Comments: Combine both time ~nrl r~nqe 
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13.	 The current collision avoidance syst~m prescr1hes only vertical evasive 
maneuvers. If technoloqy would permit, rlo you feel that ho~izontA' 

maneuver shou1 d a1 so be inc' urlert and ; f so when wou1 d they be most. useful 

- e.q., where anrl what spe~ds etc.? 

YES 9~% NO ~% 

Comments: Avoid altitud~ crosses, when vertical chanqe is inappropriate when 

Qiven a hard altitude, in high density

14.	 Since the present system provides only vertical resolution arlvisory 
commands, how us~ful is the inclusion of vertic~' speed on the TeAS 
Commanrl Display? 

Extremely Useful Of No Detri menta1 Extreme' .Y 

Useful Use Detrimental 

13% ')()% 17% 

Conments: Will b~ p~rt of the maneuver so should be locaterl in the same plac~? 

15. Do you fee' that the master visual warn;nq was neederl in ~ddit;on to 

the master aural to rlraw your attention to thp TeAS alert.s? 

ALWA YS USUALLY SOMETIMES SELDOM NEVER 

25% 50% R% R% 8% 

Conments: 
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16. How well do you feel the master aircr~ft ~ural alert dr~w your attention 

to the TeAS alerts? 

Excellent Good Fair Poor Unacceptable Not 
No Chanqes Minor Minor Major Mrl.;or Chanqes Neerterl 

Chanqes Chanqes Chanqes Rpquiren 

Beneficial Recommended R~commenrlert 

31% Sq% R% 

Corrrnents: TCAS 1i ght very hpnefi ci al , aura' must coincirle with the v;suill 

17.	 Are both a master aural and mast.er visual neerlpd to ensure TCAS alert 

rlet~ct;on under all environmental conditions (noise, liqht, decompression, 

etc.) on the fl iqht deck? 

YES R3% NO 17% 

Comments: 

iRa.	 In arldition to the command alerts (RA) do you feel that some form of 

caution alert (traffic advisory), which woulrl oreceed most RAs, woulrl 

benefit TeAS? 

VERY SOME VERY NONE 

MUCH LITTLE 
67% 33% 

18h.	 If you feel these would b~ a benefit please explain. 

Takes startle effect away, prepares crew for possible action. Builds 

analoQical sequence. 
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lAc.	 What e'em~nts would have to be added to the traffic Advisory to mRke it 

an essential part of the system? 

None	 (l1qht only), more time. 

IAn. What traffic shoulrl be displayed on the threat rl;spl~y (TA)? 

33% Only threats as defined by the TeAS alQorithms. 

33% TCAS thrpats with an option to display surroundinq traffic. 

33% TeAS threats wi th surroundi nq traffi c rli spl n,yerl automat; cally 
when a threat is present. 

All surroundinq traffic displayed with some filter;nq loqic 

used to reduce the number. 

All surrounding traffic rlispla,yed. 

Others - explain. 

19.	 If the traffic arlvi sories (TA) contain only al titude anrl ranqe infonna
t;on of the threat aircraft would they still hp consirlererl an essential 

part of a TCAS? 

VERY SOME VERY NONE 
MUCH LITTLE 
33% 17% 17% 33% 

COll111ents: 
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~Oa. How useful 

ohl3se? 

do you feel the TCAS threat disolay will he in each fliqht 

Very 

Useful 

Morlerately 

Useful 

Not. 

Useful Unoesirahle 

Takeoff 

Cl imb 

Cruise 

Descent 

Approach 

Lanning 

Comments: 

5R% -
5R% -
5R% -
5R% 

B% 

5()%
-
17% 

8% 

17% 

R% 

50% 

17% 

A% 

17% 

R% 

17% 

R% 

31% -
17'% 

17% 

17% 

17% 

31% 

20b.	 Durinq the test fliqhts you saw both tahular and qraphic formats for the 

visual threat display, rlo you fe~' that the format will have an effect 

on the displays utilization with respect to fliqht phase? If so olease 

explain. 

Graphic best (100%), neither is too useful (42%) 

21. In the test 

useful? 

fliqhts were the traffic advisories pres~nted in time to bp 

A.LWAYS 

42% 

USUALLY 

58% 

SOMETIMES SELDOM NEVER 

Comments: 
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-----
22.	 What is the maximum number of traffic arlvisories that you he'iev~ you 

coul~ monitor simultaneously while attenrling f1iQht duties? 

Comments: As few as possible 

21. How he' pful was the intrurler1s anqle of arrival (AOA) or bearinq in usinQ 

the traffic advisory alerts? 

Excellent Good Fair Poor Unaccentahle Not 

No ChanQes Minor Minor Major Major Chanqps Needed 

Chanqes ChanQes Chanqes Required 
Beneficial Recommended R~co","endpr1 

5A% 25% 17%
 

Explain: Will 1et you know when visual acquistiion is not possible
 

24. What type of presentation do you feel was most ~opropr;ate for the 

tr~ffic advisories? (Please rank 1 = most, 7 = lpast) 

None Precursor Tabul ar Tabul ar Minimum Advanced Roth 

liqht without with qraphics qraphics tabular 

anqle-of anql e-of and 

arr; val arrival qraphi cs 

7 3/5 5.l 4.1 2.2 1..4 4.7 

Comments: 
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25.	 When all factors are consirlered, how would you describp. the value of TA's 

with bearinq compar~d to TAls without hearinq? 

92% Much better with hearinq 
8%	 Better with bearing
 

About the same - pro's and conls balance
 

Less valuahle with bearinq
 

Much less valuable - bearinq is detrimental
 

Comments:

26. Were the traffic arlvisories as useful as verbal advisories from ATC? 

MUCH MORE t..10RE ABOUT AS SELno~~ AS NEVER AS 

USEFUL USEFUL USEFUL USEFUL USEFUL 

8% 58% A% 25% 

Comm~nts: 

27.	 Oirl the use of colors on a threat display (Red for resolution alerts 

(warnings), amber for traffic advisories (caution) and Blue for a 

proximate arlvisory) help you in interpretinq the threat information? 

Very much Some Very 1ittl e None 

83% 17% 

Comments: Particularly at transition points 
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28a. Should the altitude of the intruder aircraft he qiven and if so in wha~ 

form? 

Alt;tud~ Information MSL Relative to 

not Required own Altiturle 
75% 

28b. In what intervals should the altiturle information bp qiven? 

a. one foot 

h. ten foot 

c. hundred foot Q2% 

d. thousand foot R% 

Comments: 

29. Durinq the test fliqhts were you able to visually acquire the intruder 

aircraft by correlatinq it (t~em) with the advisory present? 

ALWAYS USUALLY SOMETIMES SELDOM NEVER 

lOn% 

Comments:Never saw the intruder 

30a. Do you feel that the master caution alert was necessary to draw your 
attention to the traffic advisories? 

ALWAYS USUALLY SOMETI~ES SELDOM NEVER 
8% 67% 17% B% 

Comments: 
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30b. Do you feel that this feature of the m~ster caution is desirahle? 

ALWAYS USUALLY SOMETIMES SELnOM NEVER 
42% 13% ~Fi% 

Comments: Concerned with high density activation too frequently 

30. Were you able to use the traffic advisory 

rlirection of the evasive maneuver? 

infonnation to anticipate t.he 

ALWAYS USU,L\LL Y 
58% 

SOMETIMES 
25% 

SELDOM 
A% 

NEVER 
R% 

C0111T1ents: 

31.	 In qener~l What do you feel ahout th~ amount of information provinprl by 

the threat ~isplay (PWI)? 

75% about riqht 

18% too little, and to the following critical movement of intruder 

~ too much, delete the fol1owinq ~~~_~ ~_~_~ _ 

Conments:
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32a.	 Dur1nq the test, the intruder aircraft symbol on the thr~at display went 
away when the threat was rpsolved. How useful would it be if the display 
remained active after your maneuver to show where th~ target aircraft 
went? 

Extremely Useful Of No D~tri menta1 Extremel.Y 
Useful Use Detrimental 

17% 67% 

32b.	 If you feel that a delay would he useful, how lonq shoulrl the tarqet 

remain on the screen? Pilo~ option, ~s lonQ as it is in ranae, 5-10 

seconds 

COlTlllents: 

32c.	 Do you feel that pilots with automated threat advisories will become 

complacent ~nd devote insufficient time to visual scanning for non
transponder equipoed aircraft? 

ALWAYS USUALLY SOMETIMES SELOOM NEVER 
50 17 17 17 

Comments: Siqnificant challanqe in crew training 

33.	 Assuming you have a command display for warninqs and a threat display 
with bearinq information, will you hp concerned ahout maneuverinQ into 

other traffic durinq the escape maneuver? 

ALWAYS USUALLY SOMETIMES SELOOM NEVER 
25% 8% 3~% 13% 

Comment.s: 
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34a.	 If a pilot visually aCQuires the aircraft which h~ helieves is cfJusinq an 

RA can you t~ink of any situations which would r~sult in th~ plot con

cluding that the RA is unnecessary? If so what are they? 

System unreliability acquire the wrong taraet, parallel apprOoch 

holding pattern, visual illusions 

34b.	 Would the pilot be justif;e~ in not followinq th~ RA in these situations? 
Why or why not? No (67%) Only if he can be sure it is false, if he 

elpcts to use a horizont~l maneuver, crews should he trainerl to follow 

the RA 

34c.	 What influence does the type of TA service heinq provirlpd have on your 
responses to thes~ questions? 

None - an RA command is a command, must be reliahle, with qraphics pilot 

may have more confidence in the RA 

3S.	 Do you feel that knowinq the intrudprs position (altitude, ranQe an~ 

approximate bearinQ) with a traffic arlvisory would Drovirl~ ~nouqh advance 

information to ~llow .you to minimize the anticipate" dpviation from your 
planned fliqht path? 

ALWAYS USUALLY SOMETIMES SELOOM NEVER
 
A% 50% 33% R%
 

Comments: 
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16.	 Do you f~e' that know1nq the intruders position (altitune, ranae and 
approximate bearinq) with a traffic advisory woulrl provid~ enouqh 
information for you to beq1n mAk1nq minor course, sp~erl or alt1turle 
chanqes BEFORE makinq visual contact to avoid qettinq a maneuver commanrt~ 

ALWAYS USUALLY SOMETI~1ES SELDOM NEVER 
33% 5R% R% 

Comments: Also need heading 

37.	 What effect would thp TeAS have on your confidpnce when overflyinq! 

underflyinq another aircraft by 1000 feet? 

INCREASE	 CONFIDENCE NO CHANGE LESS CONFIDENCE
 
67% 13%
 

Comments: If it works, if it is wronq on~ time confidence is qone

3Ra.	 Do you feel that use of TCAS coulrl allow reduced vertical traPfffic 
separation? 

MUCH SOMEWHAT NO INCREASED 

REDUCED REDUCEr> REDUCTION SEPARATION 

25% 7f)% 

Comments: Only ~hove FL ~qO 
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3Rb. Reduced Horizontal Traffice Separation? 

MUCH SOME\~HAT NO INCREASEn
 

REDUCED REDUCED REDUCTION SEP;t\RATION
 

31% 

39. Do you feel that the TCAS will result in more or l~ss C01l1munica·tion with 

ATC? 

MUCH LESS SOMEWHAT LESS NO CHANGE SOMEWHAT MORE MUCH MORE 

A% 31% 17% 42% 

Comments: 

40. Do you feel that a reliable TCAS will result in safer ooerations in 

respect to mirlair collisions? 

~1UCH SOMEWHAT NO CHANGE SOMEWHAT MUCH LESS 
SAFER SAFER LESS SAFE SAFE 

58% 42% 

Comments: Key is reliability, prohably to the same extent that ~PWS prevents 

collision with the ground 

41.	 What changes would b~ required in aircraft and ATC operatinq procedures 
if TCAS were implemented? 

Comments: RAs shoulrl be automatically transmittprl, who has priority on 

conflictin~ information between alert and ATC, ATC should not rely on TCAS, 

Emergency authority to break clearance 
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SEMANTIC DIFFERE~TIAL INSTRUCTIONS 

The semantic differentia' qives us a way to jurlQe pilot opinions of th~ TeAS 
in a systematic fashion. You can help by check1nq the deqree to which your 
opinion falls between each of these 21 ~djective pairs. 

An example may help. SUDPose we ask you to .iurlae "politics" on the followinQ 
seal e: 

Goon SAD 

If you feel that politics are very qooo, then you should check the box nearest 

that adjective. If you feel that politics are bad, then your check mark 

should be in one of the riqht-hanrl boxes. If your opinion is neutral, neither 

positive nor negative, check the center box. 

ht ll 
W~ k·II • II II .,Th. ere are no rlq or wronq answers; are S1mp y as lnq your oplnlon. 

Don't be hesitant to check the far left or far riqht boxes if you feel 

stronqly about the conceot. It's better that you rlon't chanqe a check mark 

once it is made; your first opinion may be most valid. 

Both positive and neqative adjectives may apoear on either riqht or left 
sides, so consider ~ach pair carefully before you make the ch~ck mark. 
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Using the following descriptors, judge the TCAS IVSI command display and its 
operational uses as you currently know them. 

CLEAR CONFUSING 

DEMANDING UNDEMANDING 

LIMITED VERSATILE 

DESIRABLE UNDESIRABLE 

UNTRUSTWORTHY TRUSTWORTHY 

COMPLEX SIMPLE 

ASSISTANCE HINDRANCE 

VALUABLE WORTHLESS 

NONESSENTIAL ESSENTIAL 

COMPLETE INCOMPLETE 

NATURAL UNNATURAL 

EASY DIFFICULT 

HAZARDOUS SAFE 

TIMELY UNTIMELY 

UNACCEPTABLE ACCEPTABLE 

UNBURDENING BURDENING 

STARTLING UNOBTRUSIVE 

INFORMATIVE UNINFORMATIVE 

INDISTINCTIVE DISTINCTIVE 

RELIABLE UNRELIABLE 

ACCURATE INACCURATE 
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Using the following descriptors, judge the TeAS LED commend display Ind its 
operational UI8S • you currently know them. 

CLEAR [=-:J c::J:::J CONFUSING 

DEMANDING -=:J c:r:::J UNDEMANDING 

LIMITED 

DESIRABLE 

UNTRUSTWORTHY 

COMPLEX 

ASSISTANCE 

VALUABLE 

~ c:r:::J 
c::=-J c:r:::J 
I I- I I- I I I ~1-- I c:r:::J 
~ c:r:::J 

VERSATILE 

UN DESI RABLE 

TRUSTWORTHY 

SIMPLE 

HINDRANCE 

WORTHLESS 

NONESSENTIAL [=-:J c:r:::J ESSENTIAL 

COMPLETE INCOMPLETE 

NATURAL UNNATURAL 

EASY DIFFICULT 

HAZARDOUS SAFE 

TIMELY UNTIMELY 

UNACCEPTABLE ACCEPTABLE 

UNBURDENING BURDENING 

STARTLING c=- I UNOBTRUSIVE 

INFORMATIVE I ~ 

I 
UNINFORMATIVE 

INDISTINCTIVE DISTINCTIVE 

RELIABLE UNRELIABLE 

ACCURATE INACCURATE 
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Using the following descriptors, judge the TCAS voice command displav and its 
operational uses as you currently know them. 

CLEAR CONFUSING 

DEMANDING UNDEMANDING 

LIMITED VERSATILE 

DESIRABLE UNDESIRABLE 

UNTRUSTWORTHY TRUSTWORTHY 

COMPLEX SIMPLE 

ASSISTANCE HINDRANCE 

VALUABLE WORTHLESS 

NONESSENTIAL ESSENTIAL 

COMPLETE INCOMPLETE 

NATURAL UNNATURAL 

EASY DIFFICULT 

HAZARDOUS SAFE 

TIMELY UNTIMELY 

UNACCEPTABLE ACCEPTABLE 

UNBURDENING BURDENING 

STARTLING UNOBTRUSIVE 

INFORMATIVE UNINFORMATIVE 

INDISTINCTIVE DISTINCTIVE 

RELIABLE UNRELIABLE
 

ACCURATE INACCURATE
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Using the following descriptors, judge the TeAS tabular display and its 
operational uses as you currently know them. 

CLEAR 

DEMANDING 

LIMITED 

DESIRABLE 

UNTRUSTWORTHY 

COMPLEX 

ASSISTANCE 

VALUABLE 

NONESSENTIAL 

COMPLETE 

NATURAL 

EASY 

CONFUSING 

UNDEMANDING 

VERSATILE 

UNDESIRABLE 

TRUSTWORTHY 

SIMPLE 

HINDRANCE #

WORTHLESS 

ESSENTIAL 

INCOMPLETE 

UNNATURAL 

DIFFICULT 

HAZARDOUS SAFE 

TIMELY UNTIMELY 

UNACCEPTABLE ACCEPTABLE 

UNBURDENING BURDENING 

STARTLING UNOBTRUSIVE 

INFORMATIVE UNINFORMATIVE 

INDISTINCTIVE DISTINCTIVE 

RELIABLE UNRELIABLE
 

ACCURATE INACCURATE
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Using the following descriptors. judge the TCAS graphic (minimum) 
display and its operational uses as you currently know them. 

CLEAR CONFUSING 

DEMANDING UNDEMANDING 

LIMITED VERSATILE 

DESIRABLE ~ UNDESIRABLE 

UNTRUSTWORTHY TRUSTWORTHY 

COMPLEX SIMPLE 

.- ASSISTANCE HINDRANCE 

VALUABLE WORTHLESS 

NONESSENTIAL ESSENTIAL 

COMPLETE INCOMPLETE 

NATURAL UNNATURAL 

EASY DIFFICULT 

HAZARDOUS SAFE 

TIMELY UNTIMELY 

UNACCEPTABLE ACCEPTABLE 

UNBURDENING BURDENING 

STARTLING UNOBTRUSIVE 

INFORMATIVE UNINFORMATIVE 

INDISTINCTIVE DISTINCTIVE 

RELIABLE UNRELIABLE 

ACCURATE INACCURATE 
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Using the following descriptors, judge the TCAS graphic (advanced) 
display and its operational uses as you currently know them. 

CLEAR CONFUSING 

DEMANDING UNDEMANDING 

LIMITED VERSATILE 

DESIRABLE UNDESIRABLE 

UNTRUSTWORTHY TRUSTWORTHY 

COMPLEX II c::J SIMPLE 

ASSISTANCE 

VALUABLE 

NONESSENTIAL 

COMPLETE 

NATURAL 

HINDRANCE : 

WORTHLESS 

ESSENTIAL 

INCOMPLETE 

UNNATURAL 

EASY DIFFICULT 

HAZARDOUS SAFE 

TIMELY UNTIMELY 

UNACCEPTABLE ACCEPTABLE 

UNBURDENING BURDENING 

STARTLING UNOBTRUSIVE 

INFORMATIVE UNINFORMATIVE 

INDISTINCTIVE DISTINCTIVE 

RELIABLE UNRELIABLE 

ACCURATE INACCURATE 
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SYSTEM DISPLAY DESIGN
 

In the followinq space please desi~n the TCAS ~ispl~y(s) that you woulrl put 

into the fliqht rleck. Desiqn a command display for ~ convention~' ~nrl onp for 

an electronic fliqht deck. Provided for your information arp the alerts which 

this display must present at a minimum. Alonq with your rlesiqn please Qive 

the location of thp display in the instrument panel. Then rlesiqn the 

information present~tion that you woulrl like to s~~ on the thr~~t rlispl~y. 

Aqain please descrihe its location. Use th~ back sirte of the papprs to 

continue your disolay description if you require mor~ so~ce. 

In order to standardize the responses to this section of the questionnair~ it 

will be necessary to usp the smae prescribed alert situations an~ the same 

scenarios to illustrate your recommenrled thrpat/display relations~ip. We wil' 

consirler two situations, one requirinq a vertic~l command and one requirinq a 

limit command. 

(1)	 Vertical Commanrl 

(a)	 Scenario: Own aircraft is straiqht and level at 30n kts at l~nnn 

ft. Threat alert aircraft is cominQ from 10 o'clock oosition anrl is 

initally 2000 ft below nnd 0 nmi away. This results in a closure 
rate of 4AO knots. The thre~t is climbinQ such that it will colline 

which qives a climb rate of ahout 2600 fom. The total lenqth of 
time from start to potential collision ;s 45 seconds. 

(b)	 Command: The vertical resolution arlvisinq command will he a climb 

commanrl with a rlesirerl 1/4 G pul'up to 10nO fpm rate of climh. 

(2)	 Limit Command 

(a)	 Scenario: Own aircraft is straight anrl rlescendinq at 2000 fom, 250 
kts, passinq 10nOO ft. Threat aircraft is cominq from 2 o'clock, it 

is at your altitude and also descenrlinq at 2000 fpm. AQain, you are 
on collision trn,iectories, 4~ seconrls from impact. Assume a closure 

rate of 200 kts which places you initia"y at ?~ miles apart. 
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(b)	 Command: Assume you are both TeAS ~quipoed and rec~;verl complemen

tary.commands. He;s commandpd to rlescenrl. Your commanrl ;s to 
Limit Descent to finn fpm. The proposed maneuver woulrl aq~in b~ a 
1/4 G pu"up. 
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THREAT DISPLAY 

Description: 
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CONVENTIONAL COMMAND DISPLAY 

Desaiption: 

.J 
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ELECTRONIC FLIGHT DeCK COMMAND DISPLAY 

.. 
Desaiption: 
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