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PREFACE

This report documents one of a series of studies heinag conducted to develop
and implement an effective collision avoidance system. The primary purpose of
this study was to investigate the methods of presenting the system information
to the crew and make recommendations concerning the display systeh. This
volume provides the results of the study and a candidate display system
concept.

The authors wish to express appreciation to the many pilots who participated
in the tests and to the various organizations and companies which permitted
the participation; FAA, NASA, Boeing, American Airlines, Republic Airlines,
United Airlines, U. S. Air, and Western Airlines. The contract sponsor is the
Federal Aviation Administration, and technical quidance was nrovided by Mr.
Richard Weiss, APM-430, the contract monitor.
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Abnormal Conditions

Advisory Alert

Caution Alert

Developmental Simulation

Detection Time

G

Hertz

Intruder

Non-mode C Aircraft

Operational Simulation

Own Aircraft

Procedure

GLOSSARY

Conditions or situations which require
other than normal procedures.

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

Ahnormal operational or aircraft svstem
conditions that require immediate crew
awareness and require nrompt corrective
or compensatory crew action.

Phase 1 of the TCAS display program with
the objective of developing minimum
information requirements for the TCAS I
display system and to recommend a
candidate confiquration.

The time from alert initiation or change
of state (caution to warning until when
the pilot indicates a recognition of the

condition by depressing the detection
button.

Acceleration equivalent to gravity or
32.2 feet per second squared.

Unit of frequency equal to one cycle per
second,

An aircraft which violates the TCAS
criteria and represents a potential
threat.

An aircraft that has a transponder but
has no altitude reporting from the
transponder.,

Phase 11 of the TCAS display program with
the objective of developing and
validating operational cockpit procedures
for a TCAS encounter.

The subject aircraft equipped with the
hypothetical TCAS Il system.

Predetermined set of actions to be taken
by a crewmember in a specific operational
situation. May or may not be written in
a readily accessible form (e.a., check-
Tist.
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Resolution Advisory

Response Time

TAU

TCAS 1

TCAS 1I

Time Critical Warning

Traffic Advisory

Traffic Information Display

Transponder

Unequipped Aircraft

A warning level alert - 3 display indi-
cation given tn the pilnt recommendina a
maneuver to increase separation relatijve
to an intruding aircraft. Corrective,
preventative and vertical sneed 1imit
advisories constitute the resolution
advisories.

The time from alert initiation (RA)} until
when the pilot had performed t+he correct
response,

A derived quantity usually expressed in
secnnds, which represents the time tn the
point of closest anproach between the own
aircraft and an intruder. It is defined
as ranae divided by ranae rate.

A less sophisticated collision avoidance
system desianed primarily for ageneral
aviation.

A more sophisticated svstem nroviding
collision avoidance capabilities in high
density areas and desiqgned for larger
aircraft.

Warning condition in which time to
respond is extremelv limited and the
response to the altert is the most
important action the pilot can make at
that specific time (e.a. around
proximity, collision avoidance,
windshear, etc.)

A caution level alert - a display indi-
cation that there is traffic in the
immediate vicininty which could cause a
resotlution advisory. The information
contains no sugagested maneuver,

A display used to provide the pilot with
information about TCAS Adefined intruder
aircraft. 1t may also be used to present
information about non-tau bhased surround-
ing traffic.

Piece of equipment on own aircraft which
when interrogated hy a radar siqgna! emits
a corded reply containing specific
information about the aircraft.

An aircraft that has no TCAS system and
may or may not have a mode C transponder.



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

Workload - A relative term indicating the amount of

total mental and physical task loading on
a crew member.
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As was nointed out "it is difficult to evaluate even a 1imited array of
Aisplay devices in operational aircraft, and it is similarly difficiult to
perform comprehensive workload analyses since the variety of flight scenerios
is necessarily limited hy safety considerations." It was therafnre planned to
answer these questions in simulator studies.

In Auaust 1981, the Roeing Commercial Airplane Comnany, Crew Systems Group wAas
awarded a contract by the FAA for the purpose of assisting in the determina-
tion of fliaght deck Aisplay requirements for operatinnal implementation nf the
TCAS 11 system in commercial transport aircraft. The program is a3 two phase
effort, the Develnpmental Simulation and the Nperational Simulation. The
firs* phase comhined a number of resolution advisory as well as traffic
advisory display concepts with an inteqrated crew alerting system to he evalu-
ated for effectiveness by fRovernment, industry and line pilots. The second
phase will bhave nprimarily line qualified flight crews exercise the TCAS 17
system in a fully certified operational transport trainina simulator in order
to determine the proper operating procedures, identify worklnad impact,
validate the display system and in aeneral qive the system an onerational
"shakedown" prior to enterina the TLAS nperational evaluatinn flight test

phase.

Since the transfer of information to the crew in a timely manner ahout an
abnormal situation is the definition of an alert, the cornerstone of any
display concept for TCAS should he the voluntary quidelines on alerting
systems issued hy the FAA in 1921 (2). These quidelines were a culmination nf
seven years of research spnnsored by the FAA and directed toward the improve-
ment and standardization of fliqht deck alerting systems., This work beaan by
studying concepts for an independent altitude monitor (Q) for the reduction of
inadvertent terrain impact alerts. It was then expanded tn consider the
alerting prohlem as a whole and to 1ook at conventinnal flight deck altertina
methods. The findings from these studies (?,4,5) revealed that there had heen
a sianificant increase in the amount of information being presented tn the
crew and that very little effort had heen expended in attemptino to V
standardize this information. Pilots were viewina crew alerting as a nuisance
rather than a help. 1In a 1977 report (6) Cooper stated that “caution and
warning systems were oriainally installed as a reasonable means of assistina

pilots to maintain safe, reliahle, economical system operation in the face nf






Alert system characteristics

Condition Criteria Visual Aural Tactile
Warning Emergency operational or aircraft | Master visual (red) Unique Stick
system conditions that require plus centrally located attention- shaker
immediate corrective or alphanumeric getting (if
compensatory crew action readout (red) warning required)
sound
plus voice*
Caution Abnormal operational or aircraft Master visual (amber) Unique None
system conditions that require plus centrally located attention-
immediate crew awareness and alphanumeric getting
require prompt corrective or readout caution
compensatory crew action {amber) sound
plus voice*
Advisory Operational or aircraft system Centrally located Unique None
conditions that require crew alphanumeric attention-
awareness and may require readout getting
crew action {unique color) advisory
sound
Information | Operational or aircraft system Discrete indication None None

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

(green and white)

*Voice is pilot selectable.

Figure 1.0-1. Guidelines for Standardizing Alerting Functions and Methods




2.0 EXECUTIVE SUMMARY
2.1 Program BRackaround

In Auqust 1981 The Roeing Commercial Airplane Company began a nroaram spon-
sored by the FAA for the purpose of assisting in the determination of flight
deck display requirements and operatinnal procedures for the implementation of
the TCAS IT system in commercial transport aircraft., After initial meetinas
which estahlished the averall ohjectives, around rules and a schedile of
activities, candidate display concepts for the developmental simulation were
formulated. Since the collision avoidance situation must be announced to the
crew, the work that has been done in crew alerting was used as a hasis for
selection of disnlay characteristics, format, location and combinations. .Tha
resolution advisory was classified as a time-critical alert and treated as
such when identifying presentation methods and information contents.

Reference material was estahlished and display comhinations identified.

The maior objectives of the developmental simulatinn were: to evaluate the
alerting effectiveness of the candidate TCAS display system concepts; to
evaluate display sophistication with respect tn different levels of flight
deck sophistication; to determine the viability of includina a caution level
alert known as a traffic advisory (TA) prior to presentina the resnlution
advisory (RAY: to identify the minimum information requirements for the RA and
TA; and to recommend a TCAS display concept to he used in future testing
phases.

2.2 DNevelopmental Simulation Testing

The TCAS displays and a rudimentary set of alaorithms were implemented in the
Visual Fliaght Simulation Facility. Thirteen qualified transport pilots with
an averaae of 9,100 hours fliaght experience, participated in the test. Fach
flew fifteen test flights of thirty-one minutes in lenqth and was nresented 3
total of 225 alerting situations.




To simulate a fliaght deck environment and work pattern, a realistic aircraft
model was used for the basic filyina task. In addition, the pilots were
required to fly a prescribed fliaght plan (takeoff, climh, cruise, descent and
landinas), respond to ATC directives, locate and report traffic in the
external visual scene and respond to the alerts.

The variahles investigated in the test include:

0 Resnlution Advisory Display - IVSI nlus voice, LED nlus voice, or
voice alone.

o} Traffic Advisory Display - none, TCAS 1ight, CRT tahular without
hearina, CRT tabular with bearing, CRT current araphic or CRT

advanced araphics.

0 Percent of encounters not proceeding tn a resolution advisory - 10%
or 5N%

The results of this test are summarized helow and described in detail in
Section 4,

Since any collision avoidance warning (RA) can he defined as a time-critical
alert, the primary design concerns when considerina the display system to he
used are the sneed and accuracy of the response. The time taken by the pilots
to detect an alert or a change in the urgency level of an alert is directly
related to the time taken to respond to the alerts. O0Of the three basic alert
combinations, the initial detection of a red 1ight in the primary field of
view and a warnina sound (siren) was sianificantly faster than an amher liaht
in the primary field of view and an advisory sound (chime) which was, in fturn,
significantly faster than a CRT presentation in the secondary field of view
and an advisory sound (chime). These findings suagest that the master light
in the orimary field of view does aid detection but more important is the type
of sound used for the master aural. Detectina a chanae in urgency level is
also dependent on the alertina sequence. The resolution advisory (warnina)
was detected fastest when it was preceded by the caution level TCAS liaht.
This detection time was sianificantly shorter than the time when there was no
caution at all and the time obtained using the CRT for the caution alerts. No

measurable difference was found hetween the latter two conditions.
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The performance data indicates that both the preliminary alert (caution) in-
formation and the time-critical display have an effect on the response to the
resolution advisory (warning). A direct relationship was found between
response time and detection time. The lonaer it took a pilot to detect the
resolution advisory the slower the response performance. The type of
resolution advisory display used also had an effect on performance. The
modified IVSI display combined with a voice alert resulted in the fastest

responses and the voice display when used alone resulted in the slowest.

Even though system reliahility was not a specific variahle in the ohiective
test, when questioned ahout the implementation of TCAS (see debriefino
questionnaire Appendix D) seventy-five percent of the pilots tested felt that
the system should bhe reauired on aircraft as soon as it can be demonstrated to
perform reliably. This opinion was not based solely on the ronfiquration used
in testing since seventy-five percent (not necessarily the same nilots as
ahove) of the pilots were familiar with TCAS before participatina in the test.
This interest in system reliahility was expressed in the answers to a number

of other questions.

With respect to the major system components, (master alerts, traffic
advisories, and resolution advisories) the pilots had the followina opinions:

0 Master Alerts

- Both master aural and master visual alerts should be used to aet

the crew's attention under all conditions.

- Three levels nf tau-based alerts were too many and two levels
were recommended, caution (TA) and warnina (RA)},

0o Traffic Advisory

- A1l the pilots felt that some form of caution alert was needed

- Opinion was split between using a TCAS 1ight or a CRT traffic
information Adisplay for the caution level information (TA).



After each pilot had used the CPT traffic display in 96
encounters, sixty-seven percent responded to a auestion con-
cernina its affect on outside visual scan by indicating that
pilots with an automated traffic advisory display could become
complacent in scannina especially for non-transponder equipped
aircraft. Since the test had no intruders without transponders,
the basis of this concern 1ies in the pilots' operational experi-
ence and possibly on the newness of the display. However, it

does point *to an area for further testing.

If a CRT traffic information display is included as part of the
system, it should present the information aranhically usina color
for urgency level. It should display no more than 3 aircraft
simul taneously. Traffic presented on the display should include
bearina data, horizontal separation (both ranae and time) and
altitude relative to the own aircraft,

Resolution Advisory

Ninety-two percent of the pilots listed corrective auidance.
alerts (climb/descent} as a necessary portion of TCAS. Since no
preventive alerts (don't climb/don't descend) were tested in the
simulation, the pilots were less sure that these should he
included as a necessary pnart nf the system.

An arrow was selected as the appropriate method for presenting

¢climb and Adescend quidance.

Vertical speed should be included on the resolution advisory
display.

BArs or indexes associated with the vertical speed should be used
to impose limits.

The modified IVSI was the display of choice for the pilots



2.3 Candidate System Description

The final effort of the developmental simulation was the recommendation of a
traffic and resolution advisory display comhination and component character-
istics of the displays for the subsequent phases of the proaram and flight
verification. Because the objective of TCAS displays is to aet the crew's
attention and provide them with information, the recommended confiquration
closely followed the quidelines set forth by the FAA for the standardization
of crew alerting systems.

Since the TCAS information can be classified as alerts, the disnlays should

perform the functions attributed to the alerting system which are:

0 Attract the attention of the crew and direct that attention to the
alertina condition so that corrective action can be taken.

0 Inform the fliaht crew of the location and nature of the alertina
condition. Sufficient information should be provided to enahle the
crew to initiate timely, corrective actinn.

0 Provide the crew feedback on the adequacy of their corrective action.

0 Provide the crew with a mechanism(s) to contrnl the system to enahle

them to assess aircraft status quickly, and to identify new alerts.

The need for each of these functions was identified by Cooper (A), Boucek,
Erickson, Berson, Hanson, Leffler, and Po-Chedley (R), and in ARP-4AKON (1N),
The manner in which these hasic functions are implemented will determine the
effectiveness of the alerting system. ARP-450D states that "safety of flioht
is greatly enhanced by an alerting system designed to provide early crew
recoanition of fliaght crew operational error, as well as aircraft system or
component status or malfunctions". For example, the system should attract the
crew's attention to an alertinag situation, but should not be so disruptive
that it degrades other crew task performance, information processing, or the
decision-making required to take corrective actions. The aguidelines for
designing these basic functinons are described in the Aircraft Alerting Systems
Standardization Study (2).




To accomplish these functions the following components should he pravided:
0 Traffic Advisory

A unique sound and amber 1ight on the alareshield should bhe used as a
caution level dindication.
0 Resolution Advisory

- A unique warning sound and red light on the qlareshield shoulAd

he used to attract the crew's attention.

- Visual resotution advisory display providing quidance usina
arrows for vertical maneuvers and indexes associated with
vertical speed for limits.

- Yoice alert with information equivalent to the visual display
and continuous until cancelled.

o} Traffic Information Disnlay

- Before a CRT display can be recommended as a necessary system
component., further testing should he conducted with the traffic

information display to assess its impact on system operation.

- Display should provide a color coded (hy alert level) aranhic
presentation of the ftraffic information including at least
bearinag, altitude, horizontal separatinn and vertical direction

information.
2.4 Follow-on Verification and Evaluation

Phase 11 of the study, the Operational Simulation, will implement the concept
TCAS II display system in simulation hardware and install it into a motion

base cab with full operational capability. The apnrooriate TCAS software will
be implemented to provide fidelity to the alerting situations and to make the

findings more generalizahle to actual operations.
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3.0 TEST FACILITY

The various study requirements dictated the use of a facility in which 3
flight deck system could be integrated, tested and evaluated in a simulated
environment. This facility consists essentially of a generic cah that serves
as an "operational breadboard" to facilitate the development of flight deck
system concepnts, functional capabilities, and interface features. Proposed
systems, system changes, and alternative mechanizations can be evaluated and
demonstrated in such a facility. 1t Aalso provides a flexible experimental
simulation labhoratory that allows for easy introduction of new hardware and
chanqge to the flight deck system confiauration. System software is modulariz-
ed to facilitate change; interface equipment is flexihle and thus allows for
wide varieties of engineering developmental evaluations. These elements have
heen desianed into the Boeina Company Kent Flight Simulation Center. See
Fiaqures 3.0-1 for an illustration of these facilities. For more detailed

descriptions refer to Appendix A,
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12




4.0 NEVELOPMENTAL STMULATION - TEST DESCRTPTION AMD RESULTS

The primary purpose of the Develoobmental Simulation testina phase was to
evaluate the TCAS information reauirements and develop a set of functional
recommendations for the necessary Adisplays. The following sections will
describe in detail the simulation test performed to achieve these apals and
the results obtained.

4.1 Test NDhjectives

The TCAS developmental test was desianed to evaluate informatinn presentation
on hoth the Resolution Advisory (RA) display and the traffic advisory (TA)
display and identify minimum information recommendations. The test was
desianed to examine the followina experimental questions concernina the

presentation of TCAS information:

1. Does a caution level alert have any effect on the response performance
to the resolution advisory?

2. How much information is needed to make a caution level alert effective?

3. Is there any difference in the use of the traffic information display
when the alerts are presented granhically or alpha-numerically?

4, Does the response to the resolution advisory change as a function of

different display combinations and formats?

5. Does the type of resolution advisory display have an effect on response
performance?
h. Can the pilots use the information on the traffic display +o anticipate

the resolution advisory?

7. Does the certainty of the occurance of a warning have an effect on

response or detection performance?
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B. Is alert detection affected hy display combinations?

9, Do the display combinations have any differential effect on the way a
pilot responds to the alert?

10, What information is needed for the resolution advisory?

11. What information would the pilots 1ike to see on the traffic information
display?

4.2 Experimental Design
4,2.1 Test Design

The basic experimental design for the developmental simulation was a factorial
analyses of variance with repeated measures on at least one of the variahles.
The design of the test was chosen to evaluate the effectivenerss of Aifferent
combinations of TCAS display types in eliciting an accurate and rapid
response from the pilots. The test confiquration is presented in Fiqure
4.2.1-1. There were three independent variables for the test: a) RA display
format b) TA display format and c) percent of the encounters which Aid not pro-
ceed to an RA. The RA display variahle had three levels: A modified vertical
speed indicator combhined with voice, an LED pnresentation combined with voice
and a voice presentation without any visuals. The traffic Aisplay was pre-
sented in six formats: no traffic display at all, an amher TCAS Tiqht, a CRT
tabular presentation of the range and altitude of the intruder aircraft, a CRT
tahular nresentation of the ranae, altitude and hearing of the intruder and
two different CRT qréphic presentations of the intruder position. Finally,
the percent of the encounters which proceeded to an RA was either 90 or 50

percent.

Time and resources did not permit the administration of all 36 treatment
comhinations to every pilot; therefore, the test was administered as illustrat-
ed in Fiqure 4.7.1-1 in two different factorial desians, a 2 x 6 (percent
non-RA encounters x Traffic display format) design with pilots nested within
the encounter variable and a ? x 3 x 4 (percent non-RA display format x TA
display format) design, also with pilots nested within the encounter variahle
and repeated measures on the other variables.
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Figure 4.2.1-2 illustrates the arrangement of the alerting components used in
the test. Each display combination tested consisted of three hasic components,
the master alerts, the traffic alert and the resolution advisory. A split-
legend master visual alert was located in the pilot's primary field of vision,
on the glareshield. The upper half nf the master Alert was red and lahellead
WARMING; the lower half was amber and 1ahellaed CAUTIOM. The master aural
alerts were presented over a dedicated speaker located to the pilot's left.
The sounds used for the alert levels were consistent with those recommended in
the literature (2) and can be described as follows:

WARNING (RA) A snund characterized as a European police siren. This sound
consisted of two tones (high ARN Hz and low 33N Hz) which
alternated back and forth at a rate of two times a second.

CAUTTON (TA) A steady sound consistina of two frequencies, 750 Hz and 50N
Hz. The sound was present for ? secnnds and then repeated
every 10 seconds until it was cancelled or the alert went away.

ADVISORY (PA) A single stroke chime. A 475 Hz tone was presented with a &0

miltiseconds rise and a3 1,R second decay in intensity.

The peak intensity level for the tones were adjusted to approximately 78 dB
which was 8 dB ahbove the average amhient noise in the simulator. The

signal-to-noise ratio was held constant by an automatic gain control.

The traffic advisories were presented on either an amber TCAS 1ight located on
the glareshield or on one of the two CRT's located forward of the throttles.
The CRT displays presented the location of the intruder aircraft either in an
alphanumeric (tabular) form or a qgraphic form.

Two Adisplays were used to visually produce the RA alert. A vertical speed
indicator which had been modified by adding directional arrows and limit bars
(See Fiqure 4.2.1-3) was located below the altimeter. An LED display which
provided directional and 1imit aquidance hoth graphically and alphanumerically
(see Fiaqure 4.2.1-4) was located to the left of the Horizontal Situation
Indicator. A voice display was also used to present the RA alerts, The voice
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Figure 4.2.1-3
. IVSI Command Display for Simulation Test:
s
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messages came from the dedicated alerting speaker and were preceded by a 0,75
second presentation of the warning sound. The voice messane was repeated
until the pilot physically cancelled it or performed the correct maneuver,

Therefore, the sequence of events that occurred for each alertina situation
which went to an RA is as follows:

TAU

4% seconds PA LEVEL ALFRT - Chime sounds and depending
on the test conditions either the TCAS 1ight
or the CRT is activated with bYue coding (no
alert is given at the level if it is an RA
only trial}l.

TAU

35 seconds TA LEVEL ALERT - C-chord sounds master
caution or the TCAS 1iaht i1luminates if the
CRT is being used the information concerning
the TA level intruder turns amber (no alert
is given at this level if it is an RA only
trial).

TAU = 25 seconds RA LEVEL ALERT - European siren sounds, the
red master warning light illuminates, the
CRT (if used) information for the RA
intruder chanaes red and the annrooriate RA
Aisplays activate (depending on the test
condition) with the quidance messaqe.

A11 of the variables were chosen to evaluate the effectiveness of the system
in alerting rapid and accurate responses. Therefore, the selection of each
variable had as a basis the amount and type of information presented to the
pilot about the intruder aircraft and suhsequent evasive action. The
rationale for selecting the display tyoes, display formats and non-RA
encounter variahles are described helow.
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The third variable under consideration was the frequency in which a threat at
the caution level (TA) became a warning (RA). In the operational sense it is
expected that because of its flight path, an aircraft could triager a traffic
advisory and not an evasive maneuver. The question to be answered was that if
this situation occurs often will the pilots respond the same to the resolution
advisories when they dn occur? To answer the question, the traffic advisories
progressing to resolution advisories was tested at ejther 50 or 9N percent of

the time.
4.2.2 Intruder Flight Path

In order to make the TCAS alertina situations realistic and to provide a
variety of displayed information, a numher of different flight paths were
developed for the intruder aircraft. These fliaht paths can he classified
into four general cateqories (see Fiqure 4.2.2.1). The first cateqory
consisted of intruders flying on an intercept course with a difference in
altitude of 500 to 150N feet either ahove or below the own aircraft. This
cateqory was called altitude offset. The second category, known as
longitudinal offset, called for the intruder to fly at the same altitude as
the own aircraft on a course that would take it .25 to .50 mile either to the
front or to the rear. The third cateqory called for the intruder to he
climhing or descending into the own aircraft. This maneuver may or may not be
accompanied by either altitude or longitudinal offset. This cateqory was
referred to as changing altitude flight paths. Finally, the own aircraft was
faced with more than one intruder. The intruders were the same altitude as
the own aircraft and on an intercept course. They could bhe either hoth at the
same angle of arrival or have widely different angles., This cateqory was

known as the multiple intruder.
4.2.3 Simulation TCAS Logic

A much simplified set of logic was used to activate the TCAS displays. This
was possible because the objective of the test was to study the nilots
response to the displays in a systematic manner rather than to test the full
TCAS system and provide a definitive work on the operational procedures.

Therefore, the intruder aircraft flew canned flight paths which activated the
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displays in the followina manner: A proximate advisory (PA) activated when
the intruder was 45 seconds from the point of closest approach {also known as
TAU). The traffic advisory (TA) or caution alert activated when TAU reached
35 seconds. Finally, the resolution advisory (RA) or warning alert activated
when TAU reached 25 seconds. The direction of the RA vertical quidance was
always away from the intruder with the smallest TAll value. The vertical rate
1imits were imposed during flight segments in which the nominal flight path
called for a climb or descent profile. The 1imits were consistent with the
expected vertical speed. The correct response to any vertical alert was .?56G
(8 foot per second squared) vertical maneuver in the appropriate direction. A
Change in vertical speed which exceeded the correct response maneuver termj-

nated the alert.
4.3 Pilot Sample

Thirteen pilots with a wide range of experience, including 1ine pilots,
instructors, and management pilots, participated in the developmental simula-
tion tests at the Boeing facility. The group consisted of representatives
from Boeing, from domestic airlines includina American, Republic, United, U.
S. Air, and Western, from FAA, and from NASA. A summary of the pilot experi-
ence is oresented in Table 4.3-1; numerical entries on the right hand side of
the table indicate the specific experience by aircraft type and recency of the
experience (A is most recent).

4.4 Crew Tasks
4.4.1 TFliaht Task

To simulate the flight deck environment and work pattern, the pilots performed
test flights of 31 minutes duration in the simulator. An aircraft model was
used for the basic flyinqg task; the pilots were required to fly a prescribed
flight plan, respond to ATC communications, locate tarqets in an external
visual scene and respond to alerts. The flight instrumentation availahle to
the pilots to perform their tasks, shown in Fiqure 4.4.1-1, consisted of an
airspeed indicator; an electronic attitude director indicator (EADT-rol1,
pitch, alideslope); an altimeter; a rate of climb indicator; a horizontal
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Table 4.4.2-1. Operational and System Conditions for Alerts and Their Associated Response

Alert Urgency . Fliqht ,
Alert code CRT message levelb Pilot’s response engineer’s
response
Left engine fire 8 L ENG FIRE w PULL LEFT FIRE HANDLE RF FIRE2
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 RP GEAR
Overspeed 13 | OVERSPEED w THROTTLEBACK RP OVRSPD
Cabin altitude 14 | CABIN ALT w COLUMN FORWARD RP CABN ALT
Left generator drive oil 16 | GENDRIVE OIL C RP ELEC DISCONNECT
GENERATOR
Gear disagree 17 | GEAR DISAGREE C RP GEAR RP GEAR
Right system 18 | RSYSHYD PRSR C RPHYD CYCLE RIGHT
hydraulic pressure HYDRAULIC
SYSTEM
Antiskid inoperative 19 | ANTI-SKID INOP C RP ANTI-SKID RP ANTI-SKID
Left air-conditioning 20 | L PACK TRIP C RP ECS RP ECS
pack trip off
Forward main door open | 21 FWD MAIN DOOR C RP DOOR RP DOOR
Right engine 22 | R ENG OIL PRSR C RP ENG STATUS RP ENG STATUS
oil pressure low
Anti-ice inoperative 23 | ANTI-ICE C RP ANTI-ICE RP ANTI-ICE
Autospoiler inoperative 24 | AUTO-SPOILER C RP AUTO-SPLR -
Altitude alert 25 | ALTITUDE Cc RP ALT RP ALT ALRT
Left bleed off 26 | LBLEED OFF A RP ECS RP ECS
Galley bus off 27 | GLY BUS OFF A RP ELEC CYCLE SWITCH
Utility bus off 28 | UTIL BUS OFF A RP ELEC CYCLE SWITCH
Right engine 29 | RENG HYD PUMP A RP HYD CYCLE SWITCH
hydraulic pump
Left engine 30 | L ENG FIREDET A RP FIRE RP FIRE
fire detector
Left brake overheat 31 L BRAKE OVHT A RP BRK RP BRK
Right forward 32 | R FWD FUEL PUMP A RP FUEL CYCLE SWITCH
fuel pump
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)

Flight
Alert Urgency e . N
Alert code CRT message level Pilot’s response Engineer’s
response
Upper yaw damper 35 UPPER YD FAIL (o RP FLT CONTRL RP FLT CONTRL
failure
Leading edge flaps 36 LE FLAPS (o RP FLT CONTRL RP FLT CONTRL
Air-conditioning 37 AIRCOND/PRSR C RP ECS RP ECS
pressure '
Left generator off 38 L GEN OFF A ~RPELEC CYCLE SWITCH
Left bus tie 39 LBUSTIE A RP ELEC CYCLE SWITCH
Right electric 41 R ELEC HYDPUMP A RP HYD CYCLE SWITCH
hydraulic pump
Autothrottle disconnect | 43 A/T DISC C RPA/T RPA/T
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seen in Fiqure 4.4.2-1, Caution and advisory level alerts were always
responded to through this panel. When the pilot made the correct response,
the alert message was removed from the screen, the master visual alert was
extinguished and the aural alerts were silenced.

4.4,3 TCAS Alert Response Task

When the pilots detected a TCAS alert they responded hy pressing the bhutton on
the left hand side of the control wheel. This action marked when the alerts
were detected. They were also required to respond with this button each time
the alert changed urgency levels, i.e., advisory to caution or caution to
warning. For those encounters in which the intruder aircraft was visible, the
pilot was also asked to push the right hand button when he had identified the
aircraft. After the alert had proceeded to the resolution advisory alert the
pilot performed the maneuver that was displayed. They were instructed to
achieve approximately a .25G 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 .25G vertical acceleration in the correct direction), the alert was
discontinued. A second type of resolution advisory was also possible. This
alert type called for the pilots to 1imit a vertical maneuver that they were
already performing. Examples of the two types of alerts are presented in
Fiqure 4.4.3-1.

4.5 Test Procedures

The variables tested in the developmental simulatinn are described in section
4.2.1. Al variables not tested were held constant or controlled to avoid
hiasing or confounding the results. Simulated aircraft ambient noise with an
average intensity of approximately 70 dB was presented during the flight task
to mask the uncontrolled noise that may have heen occurring around the cah.
The ambient noise was controlled by throttle position and airspeed to provide
a realistic sound spectrum based on aircraft performance. During each flight,
variations of the noise level were kept within the range of 67dB and 72dB.

The ambient 1ight levels were kept very low (5 ft-L) to permit the use of the
outside visual scene. ATC communications were presented at 75dB and held
constant for 311 trails; visual message contrast was also held constant for
all trials. A1l pilots received the same instructions to minimize experimenter
hias (see Appendix B).
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Each test flight was 31 minutes in length and contained 15 alerts: twelve TCAS
intrusions and three system alerts. This number of alerts is not indicative
of the number expected in actual system operation. A larger than expected
number of alerts were chosen for the simple reason that to obtain a sufficient
amount. of data with realistic time periods between the resolution advisories
would have required testing time far in excess of the scope for the study.

The effect on the data of using a higher rate of alert occurences was to
reduce somewhat the surprise and uncertainty factors, thus making the response
and detection times shorter than would be expected in actual operation. These
times were also affected hy the fact that the pilots knew that it was a TCAS
test and were expecting the alerts. Therefore, the times ohtained for the
test cannot he directly applied to operational situations. This does not,
however, mean that the data cannot be used. Since all display combinations
were used with the same numbher of alerts, the relative differences in time
hetween these combinations do aive an indication of the information transfer
occurring with the displays. This kind of result meets the objectives of the
test. Therefore the number of alerts combhined with a relatively hiqgh workload
to keep the pilots involved in flying do provide aopropriate information in a
cost effective manner. The alerts were presented on a schedule of two minute
intervals; however, to help prevent the pilot's anticipation of the alerts, a
45 second interval around each two minute mark was allocated for the alerts,
The alerts could therefore be presented as close together as 30 seconds. The
times were chosen at random, and 12 different time scenarios were developed,
The only restriction on the time selection was that no alert could occur after
30 minutes into the flight to permit the pilot at least 60 seconds to respond
to the last alert. To reduce the possibility of influencing the data by the
order in which the alerts were presented, 12 random alert orderinas were
developed and combined at random with the time scenarios to produce the test
scenarios.

Whenever task performance is measured under several different treatment
conditions over an extended period of time, learning or fatiaue may affect
performance on later trials. Care was taken to desian an appropriate
counterbalancing scheme to prevent carry-over effects from differentially
affecting the performance measures for the different treatment conditions. 1t
should be noted, therefore, that the order in which the pilot received the
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experimental treatments was also randomly assigned to prevent order bias from
confounding the results (see Table 4.5-1). Immediately prior to each fliqht
the pilot was briefed on the alerting system confiquration that he would be
using.

The daily test schedule for the developmental simulation tests is presented in
Table 4.5-2; all pilots were to fly only one non-encounter condition. Twon

pilots were tested each week spending two days per pilot in the simulation.

The test participation beqan with an introduction to the Visual Flight
Simulation Facility and a review of the proqram. The pilots were hriefed on
the flight plan and given the nominal flight path parameters (see Fiqure
4.4.1.2). They were encouraged to take notes on their hriefinag sheet and to
use them during flight. Following the hriefing, the pilots entered the cah
for instruction on the operational characteristics of the simulator and the
test flight tasks (see Apnendix B for the briefina checklist).

The pilots were informed of the basic tasks to be carried out durina each
flight. The first involved flying the simulator from take-off to landina on
the specified flight plan. The second was responding to the alerts which was
done by performing the prescribed actions associated with each alert.

Before participating in the data collection flights, each pilot made a series
of practice flights. The purpose of these fliahts was twofold - to acquaint
the pilots with the flight characteristics and dynamics of the simulation
airplane model and the flight plan; and to become proficient at performina the
correct alert responses. The first practice flight was 31 minutes in which
the complete flight pattern was flown. There were no alerts to distract the
pilots during most of this flight. The instructions on how to respond to the
alerts were explained during the practice flight, and any questions the pilot
had were answered. The second practice flight included a short seament after
take-off in which TCAS alerts were presented in order to familiarize the
pilots with the correct TCAS responses. Then the alerts were repeated and the
pilots were asked to respond to them by performing the corrective action., The
time for training was two and one half hours.
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Table 4.5-1. Random Treatment Assignments

Command
Threat . Graphic|Graphic Graphic Graphic
k h T . . ;
Subject | display ATC None | Light | Tab 1 ab 2 1 2 None | Light | Tab 1 2 None | Light | Tab 1 2
number | £jight
number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 15 1 9 8 12 6 14 4 3 7 10 2 5 1 13
10% 4 1 7 11 13 6 10 12 15 2 8 9 14 4 3 5
Non-RA
encounters | g 7 14 4 12 1 13 3 10 11 5 15 6 9 2 8
7 10 12 13 2 9 5 6 7 14 4 1 8 15 1 3
10 8 1 5 4 14 7 9 12 6 15 2 3 10 13 11
12 13 3 11 15 8 9 5 1 12 2 14 7 6 10 4
2 12 15 10 5 7 1 8 14 4 3 6 13 1 9 2
3 6 10 14 1 11 8 13 2 5 9 4 12 3 7 15
50%
Non-RA 6 5 2 3 1 15 4 10 9 13 12 8 1 7 14 6
encounters
8 2 6 7 10 5 15 4 3 1 14 12 11 13 8 9
9 14 9 8 3 13 2 11 6 15 10 5 4 1 12 7
1 4 8 15 6 3 12 2 13 9 1 7 10 1 5 14




Table 4.5-2. Daily Test Schedule

Day 1
000 - 1:00 Cab warmup and preflight
0:30 - 2:30 Pilot training
2:30-4:30 Flights 1 through 3
4:30-5:15 Lunch
5:15-6:30 Flights 4 and 5
6:30 - 6:45 Break
6:45 - 8:00 Flights 6 and 7
Day 2
000 - 1:00 Cab warmup and preflight
1:00 - 3:00 Flights 8 through 10
3:00-3:15 Break
3:15-5:15 Flights 11 through 13
5:15-6:00 Lunch
6:00-7:156 Flights 14 and 15
7:15 - 8:00 Pilot debriefing
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The test day consisted of eight flights with approximately four hours of
flyina. Brief rest periods were taken throughout the day in an effort to
reduce fatique. After each test flight in which a new display was introduced
the pilots were given a short questionnaire (see Aopendix C) to evaluate the
display. Upon completing the data collection flights the pilots participated
in a short debriefing session. Their impressions of the TCAS concepts and the
application of these concepts were solicited. The formal debriefings included
an informal discussion between the pilots and experimenter and relevant pilot
comments were recorded for further evaluation. The pilots were then given an
extensive questionnaire which they were to complete and return at a later
date. (See Appendix D).

4.6 Measurement Technique
4.6.1 Performance Measures

The performance measures used in the tests fell into two cateaories - those
associated with the flight task and those associated with the alert response
tasks. The parameters that reflect how well the pilot performed the flight
task included altitude deviations, wheel and column reversals, landing
performance, accuracy of detection of the outside visual taraets. The
parameters were especially important for the time period immediately around
the alerts because they provide a measure of the efficiency and effectiveness
of the pilot in performing the flight maneuver. A second set of dependent
variables,used to quantify the responses to the alerting system, included the
time and accuracy of alert detection, and the time and accuracy of the '
response to the alert.

4.6.2 Subjective Measures
Finally, subjective data expressina the pilot's opinions about the various
alerting system characteristics were aathered for all test confiqurations.

The pilots were asked to comment on and rate the effectiveness of the

candidate TCAS displays, clarity of the message, format and system components.
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Questionnaires were administered immediately after each flight in which a new
display was introduced so that the pilots could establish their reaction to
the display while it was still fresh in their minds. These questionnaires
were very brief and directed specifically toward a display used in the
preceding flight.

After completina the entry test sequence the pilots participated in a
debriefing which permitted them to provide inputs after exneriencing all
configurations. This debriefing consisted of an informal interview after the
last flight and an extensive questionnaire (See Anpendix D) which the pilots
were asked to take with them, complete and return at a later Adate. The
debriefing questionnaire was in two sections: the first directed toward
biographical and experimental data; and the second section was directed toward
the pilot's opinion about collision avoidance systems in general and the test
display confiqurations specifically.

A number of different types of questions were asked in the second section to
provide the pilots with the maximum flexibility for expressing their opinion.
The first type of question used was the rating scale in which a question was

asked and the pilot was given a scale with which to answer. An example of the
type of questions would be:

How useful is including the vertical speed on the resolution advisory
display?

Extremely Useful 0f No Netrimental Extremely
Useful Use Netrimenta)
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The second type of question was the forced choice question in which the pilot

was asked to select the hest of a number of alternatives. For example:

In what intervals should the altitude information be qiven?

a. DOne foot
Ten foot

c. Hundred foot
d. Thousand foot

The third type of question was rank ordering in which the pilots were given a
1ist of alternatives and asked to rank them from best to worst. The fourth
type of question was the open-ended pilot opinion in which the pilot is asked

the questions and then given space to provide his answer. For example:
What information should a collision avoidance system provide?
This type of question provides for a written structured interview.

The next technique is called semantic differentiation which was used to
develop opinion profiles. The semantic differential provides a means to judge
opinion in a systematic way. The scale was developed by using a series of
polar adjectives and requiring the pilots to indicate where their opinion

falls between the ends of the scale. An example of this type of question
would be:

Suppose the pilot is asked to judge one of the TCAS display opntions on the
following scale:

Good Bad

If he feels that the display is very good he would check the box nearest that
adjective. An opposite reaction would result in a check at the other end of
the scale and a neutral opinion would result in the center box being marked.
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Finally the pilots were asked to design their ideal system including necessary
components, information requirements and the format of the displays. They

were asked to relate the system to both a conventional and advanced flight
deck design.

4.7 Data Reduction and Analyses

The data obtained in the Developmental Simulation testing falls into

two general cateqories - obiective (or performance) data and subjective
(questionnaire/debriefing) data. A *time-based tabulation of all events that
occurred in the cab, switch and 1ight states, displayed messaaes and fault
situation initiation, was generated from the data. From this tahulation,
sums, means and standard deviations were calculated for all performance
variables. The performance was analyzed with respect to all the alerts and
was also partitioned from the various alert cateqories. Analyses of variance
were performed on the reduced data to determine if the various treatment
conditions had a differential affect upon performance. The statistical model
used for the data reduction was the analyses of variance. As described in
Section 4.2, two separate analyses were performed both of which were mixed
designs. A1l of the pilots had treatment conditions associated with a nortion
of the variables but one variable (vercent no-RA encounters) divided the

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

Since developmental testing 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 probability of .10 was selected as
a test for significance for the statistical tests pnerformed on hoth
experiments.

4.7.1 Experimental Hypothesis

The following were the hypotheses upon which the tests were bhased:

1. Pilot detection time is not affected by the type of alert (i.e. warning
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
Xiki =H 0+ i) * B+ 0B * By * i)
Summary table
Source Expected mean square F ratio
2 2 2
A 0,° + bao“ + nbop MSA/MS,
Subject within A °e2 + ba 052
2 2 2
B Oe +a OBS + na OB MSB/MSBS
2 2 2
AxB 0,° + aog“ + nopg MS pg/MSg
. _ 2 2
B x subjects within A 0,° + aop

Note: The example is a two-factor experiment with repeated measures on one factor.
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10.

11.

13.

The presence or absence of the traffic alert will not have an effect on
the detection of the resolution advisory.

The type of traffic advisory presented will not affect the initial
detection time of the alert.

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

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

The location of the traffic advisory visual alert has no effect on
detection performance.

The type of traffic advisnry has no effect on the pilots response
performance.

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

Voice presentation of the resolution advisory is just as effective as
voice combined with visual in producing the correct response.

The IVSI and LED resolution advisory displays are equally as effective
as measured by response performance.

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

Al titude change during the response will not be related to any of the
test variables.

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

Although some of the results reported in the following sections as beinag
statistically siqnificant may appear to be of insufficient magnitude to be of
practical importance, this may be a false assessment of the results due to the
nature of the tests. It must be kept in mind that the pilots knew alerts
were going to occur during the flight, and the anticipation of the alert
resulted in a response that was faster than would normally occur. The speed
that a nilot can respond to an alert is a function of certain physical factors
such as recognition and reaction times. As a pilot responds faster he
approaches these physical limits. As these 1imits are approached it is found
that the response times tend to group or stack up at the Tow end of the scale.
This factor has the effect of reducing the spread of respnnse time scores.
Another example of this type of effect can be seen in a simple physical experi-
ment of throwing a ball. Imaaine 10N people throwing a ball as far as they
can. Each person's score would be the distance their ball traveled. For the
first throw there is a spread of scores from say 50 to 190 ft. and the distri-
bution of scores was bell shaped with the most scores occurring at 120 ft.
Now for the second throw a large wall is built at 100 ft., A1l those people
who can't throw further than 100 ft. will throw just like they did at first.
However, the rest of the people will hit the wall and it will look in their
scores like they can only throw 100 ft. This will reduce the spread of the
scores thus reducing the variability of the results. 1In the actual TCAS
operation, it is expected that the pilots will not be anticipating the alerts
and therefore the overall response times will be slower getting them away from
the "wall" of the physical parameters and permitting a wider range of times.
This would have the effect of increasing the observed size of any real
differences that exist between the experimental treatments (14, 15, 16).

4.8.1 Detection Times

Detection time has been defined as the time from the initiation of the alert
to when the pilot first noticed that either an alert had occurred or any
existing alert had changed urqgency level. These two detection times actually
have different meanings in the alerting paradiam. The initial detection is a
measure of the attention getting quality of the alert. Alert change
detection, on the other hand, reveals how well the alert is transmitting

urgency information and could possibly provide a measure of complexity.
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The analysis of variance summary tahles for the initial detection time is
presented in Table 4.8,1-1. The main effect attributed to the alert display
was sianficant (F=15.99 df 6,A0) and can be seen in Fiqure 4.8.1-1. Usina
Duncan's New Multiple Range test it was discovered that the CRT display and
sound (4.84 seconds to 5.25 seconds) were detected significantly slower than
either the TCAS 1ight and advisory sound (4.20 seconds) or the resolution
advisory with no caution alerts (2.50 seconds). Lookina at the detections for
each level of urgency the proximate advisory (PA) is detected signficantly
slower (és expected) than either the traffic alert (TA) or the resolution
advisory (RA) for all the display types (F=h5.8 df 2,12). As can be in Fiqure
4.8.1-2 usina the TCAS light as the caution alert resulted in the shortest
detection time (1.46 sec) for the RA. This time was signficantly shorter than
either the 2.52 seconds for the RA without cautions [t=8.1 df 22) or the 2.15
seconds when using the CRT as a for caution alerts (t=1.9 df 22). The detec-
tion of the ATC traffic advisory is comparable to using the advisory sound and
CRT. Finally, the percent of encounters that progressed to an RA had no
effect either on the detection of the initial alert or on the detection of the
RA. Nor were there any interactive effects between the alert type and the
percent of non-RA encounters,

4.8.2 Response Times

The analysis of various summary tables for the resnonse times is presented in
Table 4.8.2-1. The mean effect attributed to the traffic display was
significant (F=2.34 df 3,30) with the mean response time for the RA which was
preceded by the TCAS 1ight (3.49 seconds) heing siqnificantly shorter than for
those conditions with either no precursors (4.57 seconds) or when the CRT was
used as a precursor (4.6 seconds to 4.38 seconds). This result may be mis-
leading, however, due to the composition of the response time. Each resnonse
had two components, the time to detect the alert and the time to respond. As
can be seen in Fiqure 4.8.2-1 the significant differences found in the
response time is due solely to the differences in the RA detection times.

When the component is factored out, there are no measurable differences in the
response times among the treatment conditions.
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Table 4.8.1-1. ANOVA Summary Table for Initial Detection Time

Source Sum of Degrees of Mean F Probability F

squares freedom square exceeded

Mean 1,930.05 1 1,930.05 457.05 0.0

Non-RA (N) 5.11 1 5.11 1.21 0.2

Error 4222 10 4.22

Alert display (A) 80.84 6 13.47

AN : 2.30 6 0.38 15.98 0.0

Error 50.55 60 0.84 0.45 0.8
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Table 4.8.2-1. ANOVA Summary Table for Response Times

So Sum of Degrees of Mean F Probability F

urce squares freedom square 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 10.31 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) 12 1 1.12 1.67 0.23
VxN 1.10 1 1.10 1.56 0.23
Error 7.1 10 0.7
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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The main effect attributed to the resolution advisory display was also
significant (F=51.71 df 2,20). The mean response time for the voice only
condition (5.45 seconds) was significantly longer than for either the IVSI
(3.63 seconds) or the LED (3.94 seconds) display. When combined with voice
even though the IVSI display consistantly produced shorter response times than
the LED display, the mean differences were not statistically significant.

When the response times are again partitioned into these two components it can
he seen (Figure 4.8.2-2) that the differences observed between displays are
due in this case to the response to the display rather than the detection of
the RA condition. The detection time curve has no measurable difference
across the displays while the response curve does exhibit the pronounced
difference for the voice display..

4.8,3 Missed Alerts and Incorrect Responses

The pilots responded to all of the alerts. 1In all cases the direction of
response was correct. This result corresponds to the data obtained from
previous alerting studies in which no warning level alerts were missed. There
were some alerts, however, which though correct in direction were not of the
orescribed magnitude (8 feet per second squared) and therefore were not
included in the data. This set of responses (105) constituted eight percent
of the total number of responses (1380) and was not concentrated in any one
treatment condition.

4.8.4 Pilot Input

The debriefing auestionnaire is presented in Appendix D. Ninety-two percent
of the pilots who participated in the simulator tests returned a completed
questionnaire. The majority (75%) of pilots participatina in the test were
familiar with the TCAS program prior to testing. This fact does not make the
opinions expressed any less usable; however, it does suaagest that the test
design and display confiqurations may have had less impact on the opinions of
this group of pilots than they would have had on a less informed qroup.

The most often stated aspect required of the TCAS system was reliability.
Seventy-five percent of the pilots felt that the system should not be required
on aircraft until it can be demonstrated to perform reliably. The three
criteria that were mentioned for system implementation were:
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0 System Reliability

0 Economic Reasonability

o ATC Compatibility

System unreliability was most often given as the only reason for the pilot not
following the RA quidance. Seventy-five percent of the pilots felt that the
system should be designed so that the pilot would nnt bhe justified in refusing
to do the RA maneuver. In reviewing the test system, all of the pilots said
they usually aqreed with the quidance presented. Some concern was voiced,
however, that when they did not aaree with the alert (for whatever reason),

there was some hesitation in following it.

When considering the operational environment eighty-four percent of the pilots
responded that horizontal maneuvers should be considered in the TCAS system
for those situations where a vertical maneuver may be inappropriate such as:
when operating close to the qround or obhstacles; when close to performance
limits of the aircraft; when given a hard altitude by ATC; to eliminate
crossing altitudes; in hiah density situations. Aareement was not reached on
changes in the amount of communication that will be required with ATC,
forty-two percent saw a decrease and sixteen percent said that it would remain
unchanged. There were some changes in operational procedures that were
identified as being required for TCAS implementation. These were: providing
the Captain with emergency 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 should provide conflicting commands. Finally the
pilots report that even though there should be no reduction in present traffic
separation, (75%), they would feel more confident when overflying another
aircraft and that TCAS would result in a safer operational environment (100%),

In conjunction with opinions concerning aeneral system operations, it was also
an objective to obtain more specific reactions to the system features. The
following will be a summary of those questions dealing with the three major
system components, the master alerts, the resolution advisory and the traffic
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information display. Eighty-four percent of the nilots responded that hoth an
aural and visual master alert were needed to get the crew's attention under
all conditions. MNinety-two percent of the pilots rated the aural sounds used
in the test as either qood or excellent. 1t was indicated, however, that
three 1evels of alerting urgency were too many and only two levels were
recommended, caution (TA) and warning (RA). The attention getting quality of
the master alerts was also rated as qood to excellent hy ninety-two percent of
the pilots. Changes that were recommended concerning the master alert were
primarily directed toward the timing sequences. Some of the pilo*s were
bothered hy the fact that the tone and the 1ight and the CRT displays did not
all come on at the same time. This lack of coordination was caused hy the way
that the alerts were initiated because the aural alerts had a3 direct path to
the main computer and the visual alerts were dependent on the REl update rate
(2 seconds). This problem will he solved for future testina.

A1l of the pilots felt that some form of caution level alert would henefit the
TCAS system. The reasons most often qgiven for having the caution alert (84%)
were to reduce the startle effect of the RA and to prepare the crew for
possible action. The answer to the question of how to provide this
preliminary alert was not so clear cut. Forty-five percent of the pilots
reported that an amber liaht should be used apd fifty-five percent wanted to
see a graphic CRT presentation. In conjunction with this result, sixty-seven
percent of the pilots expressed concern that an automated traffic advisory
display (CRT) could lead tn pilot complacency with insufficient visual scan
time being devoted to nontransponder-equinped aircraft.

The data indicates that if a traffic information display is included it should
present the information graphically (100%) using color for the urgency level
(100%). The average numher of traffic advisories that the pilots felt they
could monitor simultaneously while attending to fliqht duties were 2.5
intruders and the range of responses was from zero to five intruders. As can
he seen in Figure 4.8.4-1 the graphic displays were considered mare useful
than current ATC traffic advisories. If hearina information is included on
the tahular display, the pilots considered the display equally as useful as
the ATC traffic advisories; however, the majority of the pilots (75)%

commented that this was true only for a sinale intruder. T1f multiple
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Figure 4.8.4-1. Pilot Opinion Concerning the TA Display Usefulness
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intruders were present, the tahular display was much more difficult to use
even with bearina information presented on the displays. The gqraphic displays
were rated the least ambiquous and the tabular display without bearing
information, the most. The advanced graphic display was the most preferred
CRT traffic advisory format, being preferred by ninety-two percent of the
pilots.

There was no consensus amonq the pilots as to what fraffic should be presented
if a CRT type of display is available. Thirty-three percent of the pilots
felt that only threats as defined by TCAS should be presented and thirty-three
percent felt that TCAS threats should be presented with the option of display-
ing surrounding traffic when a threat is present, finally thirty-three percent
felt that the surrounding traffic should apnear automatically when a TCAS
threat is present. When an intruder is shown on the CRT, the majority of
pilots required the following information about it: bearing data (67%);
horizontal separation (75%) hoth range and time; and the altitude of the
intruder if known (100%) relative to own altitude (75%) and in hundred foot
increments (92%). Other information that some of the pilots would 1ike to
know about the intruder includes: direction of vertical movement (33%;
closure rates (33%); heading or track (25%); and vertical speed (17%). One
option available on the traffic display is to permit the intruder aircraft to
remain on the display after a corrective maneuver has heen accomplished, to
show the pilot where it went. The majority of the pilots tested (A7%) felt
that this feature would not be useful. When investigating the traffic
information display utility with respect to flight phases the pilots felt that
it would be most useful in the climb, cruise, descent and approach phases and
least useful during takeoff and landina.

The third component of the TCAS display system is the resolution advisory
display. Ninety-two percent of the pilots tested felt that corrective types
of RA's (e.g, CLIMB or LIMIT DESCENT to 500 fpm) are necessary to the system
and only thirty-three percent felt that predictive alerts (e.a., don't
descent) are necessary. Sixty-seven percent of the pilots rated the
corrective alerts more critical than the predictive while none of the pilots
selected the opposite rating. For the presentation of the corrective alerts,
an arrow was selected as the most aporopriate indication of a vertical
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maneuver (100%). Since the present system only provides for vertical
resolution advisories, ninety-two percent of the pilots indicated that the
vertical speed should be included on the resnlution advisory display.
Considering these responses it is not unexpected that the modified TVST was
rated the clearest, least amhiquous resolution advisory display (see Fiqure
4.8.4-2) and the LED display the least clear, especially by those pilots who
saw hoth vertical maneuver alerts and vertical 1imit alerts.

Care must be used in selecting the voice messages. During the test a number
of occasions were reported where the pilot mistook the voice alert "Limit
climb two thousand feet per minute" as heing "Limit climh to a thousand feet
per minute". Ninety-two percent of the pilots felt that the modification of
the IVSI did not detract from the primary purpose of the instrument and that
the use of color did help the interpretation of the information presented.

Some of the changes suqaested for the Aisplays used in the test include:

IVSI

make briaghtness adjustable

- add horizontal maneuver arrows

- indicate required climb rate

- make needle more visible

LED -  reduce complexity

- make brightness adiustable

- move to qlareshield

VOICE

reword messaqges to eliminate ambiauity
- automatically cancel after two repetitions
- make more urgent
Finally, all of the pilots felt that the alerts provided them sufficient time

to react and the pilots usually aqreed with the resolution advisory.
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5.0 DISCUSSION AND CONCLUSTONS

Since any collision avoidance warnina can be defined as a time-critical alert,
of primary importance when considering the display system to he used is the
speed and accuracy of the response produced. Therefore, anything that
increases the speed of alert detection and response without havina an adverse
effect on response accuracy should be considered in the system
recommendations.

Care must be used when interpretina the results of this experiment and their
real world sianificance, because the pilots know that alerts are qoing to
occur during any experimentation with crew alertina, When investigating
time-critical alerts especially, the time between alerts must bhe artificially
short because the experiments would not be very cost effective if a more
realistic time scale were used. Therefore, in the present study, the nilots
were expecting the alerts and their responses were faster than they would
normally be. They were also faster because the pilots did not have to
complete the entire evasive maneuver for their response but rather they only
had to attain an acceleration of .25G. These constraints lead to a skewina of
the data toward zero and reduced the differences among treatment means raisina
the level of difficulty in discovering sianificant differences hetween the
means. Therefore, any effects that were found to he statistically siqnificant
should be considered even though they may not look ta he of practical siqnifi-
cance, since it is expected that the differences will hecome laraer in real
life situations.

The results of the study indicate that not only the initial detection time hut
also the change detection time is very sensitive to the alerting displays.

The initial detection time was dependent on three hasic alert combinations: a
red 1ight in the primary field of view with a warning sound; an amher 1light in
the primary field of view with a chime; and a CRT display in the secondary
field of view with the chime. Each of these combinations produced a
significantly different mean detection time from the others. The warning
1ight and sound producing a faster detection than the amher 1ight and sound
even though the amber 1ight had twice the 1ighted surface area than the red
1ight. The warning alert also had a voice component which could have heen
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contributing to detection performance; however, if this were the case, the
ATC traffic advisories should have been detected faster than the TCAS light,
This was not the case. These results tend to indicate that the sound
characteristics were more important in attractina the crew's attention. It
shows that for warning situations, especially when time is critical, a chime
may not be able to produce sufficiently rapid response times. The results,
that show sianificantly faster detection with a light in the primary field of
view than with a visual display in the secondary field of view, are consistent
with previous studies (7,R) and indicate that if the alert requires immmediate
attention, a visual alert should be located in the primary field of view and
combined with a sound that is appropriate for the uraency level,

The next question to answer is whether or not the caution or "get ready" alert
is benefical and how much information does it need tn supply to the crew. If
the system is qoing to use multiple urgency levels, the detection of level
change becomes an important factor. The TCAS 1iaht repnresents the least
complex caution alert. The only information that it carries is the fact that
an intruder aircraft has come to a caution level positinn. This alert
resuited in a significant improvement in the RA detection time when compared
to RA's which had no previous caution. 0ne miaght then ask, if a little hit is
good, should more be better? The conditions that used the CRT display for
traffic had two alert levels before the RA. With the urgency levels changina
every ten seconds you would expect that having two urgency levels before the
RA would be as good or bhetter than the single level and sianficantly hetter
than with none at all. This was not the case. As the results show, the RA
detection with the CRT traffic displays was signficantly slower than with the
TACS cuation light. There was no measurable difference between havina a CRT
for the Tower level alert and having no caution at all. This finding indicates
that something else is overcoming the advantage created by using the CRT as a
for the caution level alerts. If the RA is considered an intrudina task when
the pilot is using the traffic Aisplay, a workload explanation can he postu-
lated for the increase in detection time. Rolfe (12) has shown that as work-
load increases the performance of other tasks decreases. Therefore, as the
traffic display presents the pilot with an increase in information it bhecomes
more difficult for the resolution advisory to attract his attention and there-

fore for him to start the correct resoonse. The response performance also
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indicated this effect. Response time to the RA which followed the TCAS 1ight
(TA alert with the least information) was sianificantly shorter than the times
for the RA response following a CRT presented TA. It was further found that
when the response time was broken into its two components, the detection
component and the response component, the former was the drivina facter in the
overall time. This indicates that when the time to respond is the only
measurement criteria, the sooner the pilot gets the critical information the
faster he will respond. In the case of this study, the critical -information
was the quidance presented on the resolution advisory display.

Another henefit attributed to the information on the CPT display is that it
will permit the pilot to anticipate the direction of the resolution advisory
maneuver if he is familiar with the algorithms. In order to 100k at this
effect, the pilots were briefed that the resolution advisory would always
direct them vertically away from the intruder (i.e., if the intruder is ahove
the RA will he "Descend"). With this type of instruction, the pilots should
have been able to use the positional information on the CRT to prepare for the
RA maneuver and thus perform the maneuver faster than when they did not have
the information. Even thouah sixty-seven percent of the pilots reported that
they were using the CRT information to anticipate the RA maneuver, the perfor-
mance data do not support this result. As pointed out above, the differences
nbserved in response performance were due almnst exclusively to the differ-
ences in the time to detect the resnlution advisory. Once the alert has been
detected, the response is not dependent on the amount of information the pilot
had prior to the alert.

The resolution advisory display did have an effect on the pilots response
performance, and when the response times were partitioned into the detection
and response components it was found, Aas expected, that the differences were
due to the response component. Therefore, the presentation media and format
of the RA information was affecting the pilots response. The modified IVSI
when combined with voice resulted in the quickest responses and the voice
alone the slowest. The results support the pilots contention that they were
using the visual display to initiate the action and the voice to verify
response accuracy. To accomplish this procedure with the voice display alone

would require extra time due to the serious nature of the voice message.
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These data support previnus findings, a summary of which can he seen in Fiqure
5.0-1, (13) which indicate that the hest presentation method for information
which requires rapid action is by usina a combination of voice and visual
displays. The complexity of the information presented on the visual display
seems tn have been a contributina factor to the response and preference
differences hetween the IVST and LED displays. The pilots felt that the LED
display was overly complex and the data tend to supoort this feeling. Even
though both disnlays presented a directional arrow for the alert, the response
to the LED was consistently slower than to the IVST. The increase in visual
complexity with the tri-color backaround could have caused the difference. The
lack of a dynamic vertical speed indication on the LEN display was discussed
as a major drawhack for the vertical 1imit alerts as was the perceived
amhiquity of the display.

The pilot inputs have heen reported in the results section and in previous
studies (4,6,7,8). They support a system that has two levels of uraency,
caution and warning, with master alerts, hoth visual and aural, announcing
each level. The resolution advisory display should provide auidance infarma-
tion in as straiqght forward and least complex manner as possible. Arrows
should be used to show the direction of the prescribed maneuver and bars or
some other index should be used in coniunction with a vertical speed indicator
to set vertical limits. Color is desirable but too much color confuses the
display. The voice messages should be consistent with the visual display and

they should be distinctive so that there is no confusion between alerts.

The pilots were unanimous in their desire for a caution level alert but their
opinion was mixed as to how this should be implemented. If however, some form
of traffic display were included in the system, there are certain characteris-
tics that the pilots would 1ike the display to contain. The results indicate
that the pilots desire a color arapnhic display which pnresents at a minimum the
range, altitude and bearing of tau based intruder aircraft. The altitude
requested was relative to the own aircraft; however, ahsolute altitude was
not used in the test. A previous study (11), which had the pilot use absolute
altitude and not relative, reported exactly the opposite findinas. These
results suagest that the nilots can use either presentation and are hanpy with
the one most familiar to them.
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. . Response time .
Nature of stimuli (sec) Test conditions and results
Visual 12.12 Tracking task: . i
Visual and buzzer 4.02 tarsakc Lr:gfgofr;;nrlz impact on concurrent tracking
Visual and voice 2.40 P
Visual and buzzer 4.57
Visual and voice 1.94
Visual and tone 9.35 Tracking task; better tracking with voice warning
Visual and voice 7.89
Visual and buzzer 2.63
Visual and voice 1.62
Visual 128.27 . . .
Voice 3.03 High-speed, low-level military flight tests
Visual 44.05 Visual consisted of analog instruments and lights
Voice 2.93 in an F-100 aircraft
Auditory 2.2
Visual 2.7
Simulation of a typical cockpit environment
Voice 1.94
Buzzer 2.57
Tone 9.35 F-111 simulator; each alert consisted of a master
Voice 7.89 caution light, alert identification light, and aural
annunciation of the type described to the left
Tone, voice, and visual 5.0
Tone and visual 6.0
Voice 5.9 Simulation of electronic cockpit environment
Tone and voice 6.3 P
Visual@ 7.6
Visual® 6.0

dvisual presented outside pilot's primary field of view.
Visual 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 TCAS CANDIDATE SYSTEM NESCRIPTION

The final step of the developmental simulation was to identify the TCAS
display confiquration which would be used not only in the operational
simulation but also in future fliaht test programs. In order to perform this
task it was necessary to review the TCAS and crew alerting data bases and
utilize the relevent information. The literatuyre (2,357 8 11), test results
and the pilots' subjective input (Section 4) were used to identify the actual
display characteristics. In the operational simulation, the recommended
display configuration will he implemented in simulation hardware and validated

while testina various operational procedures.
6.1 System Design Ohjectives

A number of design obiectives were used in identifyina the characteristics and
loagic of the displays recommended for TCAS. A major objective was to define a
minimum set of information required by the system and relate that information
to displays which are applicahle not only to advanced flight decks which have
an integrated alertina system but also to conventional fliaht deck which
requires dedicated alerts. In this framework, there was a desire to develop
an efficient and effective display confiquration. Presentation of the
information should minimize the time for the flight crew to detect, assess,
and respond to the alerts. Information processina and memorization capahilit-
ies should be kept as low as possible. A1l disp1ay§ and alert logic should he
quided hy the quiet dark cockpit ophilosophy. Finally, distraction and startle

effects should he minimized to reduce disrupture of aircraft control.
6.2 TCAS Display Configuration
One of the major obiectives of the developmental simulation was to define the

recommended display confiquration for implementation in subsequent phases of
the TCAS effort,
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In order to display TCAS information, two levels of alert urgency should be
used:

o Warning - Resolution Advisory - situations that require

immedijate corrective action.

0 Caution - Traffic Advisory - situations that require immediate

crew awareness.

As a minimum these levels should be reflected in the comhination of system
components.

Three primary display components were identified, a master caution (TA), a
master warning (RA) and resolution advisory display (both visual and vonice).
These components may he combined as follows:

0 Master Alerts

0 Unique caution sound and amher annunciator as the traffic
advisory (TA).

o} Unique warning sound and red annunciator for the resalution

advisory,

o} Resolution Advisory Displays

0 Visual display providinag information availahle on the
modified 1VSI

o} Voice alert with information equivalent to the visual
disptay and continuous until cancelled

The presentation of traffic information on a CRT display is also a method of

presenting the caution level alerts. However, before this type of display is
recommended for inclusion as a necessary component of the TCAS system, further
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testing should be conducted to assess its impact on the total aircraft system.
Therefore, it is recommended that a CRT disnlay presentina a color araphic
representation of traffic position and containing at least bearing, altitude,
horizontal separation and vertical direction information for each intruder, he
included in follow-on test efforts to provide this assessment.

The following sections will present some of the major characteristics of the
system components. A more comprehensive description of component characteris-
tics and the basis upon which they were recommended can be found in the desian
quidelines from the Aircraft Alertina Systems Standardization Study (2).

6.2.1 Master Alerts

The master alerts are used to attract the attention of the crew and provide
preliminary information ahout the urgency of the alert. In the TCAS system
only two levels of intruder alerts have been recommended, warnina (resolution
advisory) and caution (traffic advisory). The master alert should be unique
for each level. Due to the attention getting qualities of these alerts, they
may become a distraction once they have performed their function. Therefore,

they should be manually cancellable and should also cancel automatically when
the situation no longer exists.

It is further recommended that both visual and aural alerts be used to qet the
crews attention so that the system will be effective under the maiority of
workload and environmental conditions.

Master visual alerts should be provided for each of the crew members. The
location of the alerts for the captain and first officer should he within
fifteen dearees of each one's centerline of vision (see Fiqure 6.2.1-1) hnth

head-up and head down. This is known as the primary field of view and has
been defined as follows:

o} Head-up - centerline of vision is a line from the eye reference
point in the aircraft extendina forward apnroximately ten dearees
helow horizontal.
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0 Head-down - centerline of vision is a line extendina from the aye

reference point to the center of the ANI,

Jsing these definitions will place the master visual alerts on or near the
glareshield. The master visual alerts should subtend at least one square
degree of visual angle. The lighted portion of the alert should be colored
with amber heina used for the traffic advisory (caution) and red heing used

for the resolution advisory (warning).

On conventional fliaht decks, discrete annunciators should be used for the
TCAS masters. The leagend "TCAS' should be clearly visual on all the
annunciators. For flight decks that have an intearated alertinag system with a
comprehensive centrally located visual information display, the existing

master warning/caution annunciators should be utilized with a "TCAS" message
output on the information display.

A different master aural alert should be used for each uraency level. The
sounds that are chosen should be desianed to most effectively penetrate the
noise spectrum in the cab. Tha intensity should be set at 8+ 3 dB ahove the

masked threshold and he held at that level by using automatic aain control.

So that the crew can quickly reconnize the sounds and voice as being generated
by the alertina system, they should he perceptually separated from competing
sound sources (e.q. ATC, around communication, etc.). The sounds should be
selected to reflect the alert urgency level. In order to do this the sounds
should have the following characteristics:

0 Caution Sound (TA)

- steady sound composed of at least two freauencies
hetween 3NN and 1600 Hz.

- sound duration between 1.2 and 2.0 seconds

- sound should repeat every 8 to 1?2 seconds until cancelled
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0 Warnina sound (RA)

- sound consisting of two alternating frequencies
(European siren) in the 400 to 1000 Hz range separated
by at least 300 Hz.

- each frequency should be on for 0.2 to N.3 seconds

before alternating to the other

- master warning should bhe active for N_,7R seconds before
switching to voice

- a silent time of 0,15 to N.5 seconds should be provided

hetween the sound and voice

Fiqure 6.2.1-2 provides a graphic presentation of sample master alerting
sounds.

£.2.2 Resolution Advisory Displays

The resolution advisory alert meets the qualifications of a "time-critical"
alert set forth in the alerting system desian quidelines (2). The purpose of
any time-critical display is to provide the crew with direct cues for res-
ponding to the highest-uraency level of warning. Therefore, recommendations
for the presentation of alert information on the RA displays should follow

those quidelines.

The resolution advisory will use both the auditory and visual channels to
provide the pilots auidance for resolving the conflict. The information

provided should he desiqned to facilitate the rapid detection and performance
of the appropriate response.

A visual resolution advisory display should he provided for both the captain
and first officer. The displays should be located within each pilot's
head-down primary field of view. This recommendation is consistent with the
findings of Cooper (6) which state "the most uraent warnings should bhe located

adiacent to the controls and displays involved in alleviating the warning".
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He further stated that "warnings related to aircraft control, such as "PULL
UP" should be located adiacent to the instruments that the pilot is usina such
as the ADI or IVSI". These findings are also consistent with the
recommendation that the RA display have vertical speed as an intearal part of
its information. The display should provide the pilot aquidance as to the
correct action. The most effective way to provide the information has been
found to be qraphic using color *to connote urgency. Care must he used in
developing any araphic scheme so that the format is easily understond. An
arrow should he used to ajve the direction of any vertical maneuvers. Tf the
RA imposes a 1imit on a maneuver already in progress, hars or other types nf
indexes should bhe in conjunction with the vertical speed indicator to show the
limits. These 1imit bars should extend down to zero feet per minute. In hoth
of these cases the alert calls for immediate action by the crew and thus
should he coded red. The visual PA display should remain active until the
alertina situation no 1nonger exists and then cancel. As with any nther flight
instrument, the RA display should provide the crew with some indication when
it has failed. Two types of failure have been identified for consideration,
hardware and logic. System hardware failures should be identified on the
display by a physical indication to the crew (e.a., flags, lights, bars, etc.)
that the system is not operative. If the aircraft has an integrated alerting
system, a message should also appear on the visual information display. The
second failure type occurs when an RA condition exists but the loaic cannot
provide quidance for that particular situation. In this case the crew needs
to know that they are in an RA situation but it must be very clear that the
system cannot qive aquidance. 0One way to accomplish this would be to
illuminate all the lights on the display.

The voice display for the resolution advisory should repeat the information
provided on the visual display. Because of the time critical nature of the
alert, the voice message should be activated automatically after a (.75 second
presentation of the warning sound. The alertina sound and essential elements
of the voice messaae should be conveyed within ?.5 seconds. The messaae
should repeat until, 1) the pilot cancels it manuallv 2) the alertino
situation no Tonger exists or 3) the message chanaes. In each of these cases
the message should complete then discontinue. 1In case three the new message
would bhe preceded by the warnina sound. The voice message should he presented
in a monotone with an intensity that is 8+ dB ahove the amhient noise.
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6.2.3 Traffic Information Display

The test data indicate that the information increase resulting from a CRT
traffic information display used for the TA can increase the pilot response
times to the time-critical resolution advisory. Therefore, care must he used
in developing procedures with a TCAS Adispaly system that includes this type of
display. However, since the developmental simulation tested the CRT display
only with respect to its affect on the resolution advisory response time,
including the pilots anticipation of the response, it is recommended that
further testing be conducted with a color araphic presentation of traffic
information to assess its impact on the use of TCAS and on the operation of
the aircraft as a whole.

For testing, the display should nresent traffic information qraphically usina
color to portray the urqency level of each individual aircraft. The number of
aircraft present on the screen should be limited to a manageable number. Data
has shown that three aircraft on the screen at any one time should he a
maximum. The utiliziation of the display should conform to the auiet dark
cockpit philosophy which calls for alerting displays to be dark when every-
thing is normal. When the display is active, the symholnay should move
smoothly. \Update rate should be increased or some smoothina function apnplied
to the symbols to keep them from jumping.

Care should be taken in developina the granhic presentation so that the dis-
play can be easily interpreted and the symholoay does not conflict with
symbology already present on the flight deck. The own aircraft symhol should
he centered horizontally and located toward the hottom of the screen to allow
for faster head-on closure rates. The symbol should be consistent with other
displays such as EHSI or HUD. At least one range rinqg should be provided to
give the pilot some sense of distance to the traffic. The symhol representing
traffic should be distinctly different from the own aircraft and it should
chanae color with respect to its danger to the own aircraft. Altitude
associated with each traffic symbol, if known, should be displayed in the same
color as the traffic symhol. This altitude may be given in either absolute or
relative to the own altitude. If ahbsolute altitude is aiven for the traffic,
the own aircraft altitude should also be presented on the display. Finally,



associated with the traffic should be some indication of vertical motion. If
the traffic is non-mode € equipment, some indication (i.e, question marks)
should he used in place of the altitude to show the crew that no altitude is
available.

If surrounding non-tau hased traffic is to be displayed, it should be avail-
able durina the TA-RA seauence only to conform to the auiet dark cockpit. It
should also he color coded with a color other than red or amber.

6.3 Follow-on Verification and Evaluation

Phase II of the study, the QOperational Simulation, will have as its ohijectives:

) Nevelop and evaluate the operational procedures associated with
CAS alerts under hoth normal and abnormal f1ight operations.

0 Assess chanaes inflight deck operation assoriated with the CAS
alerts
0 Assess operational procedures as related to ATC control

0 Assess the impact of TCAS display requirements on flight deck
systems and layouts

0 Validate the display concept in operational conditions

Phase II will complement the concept TCAS display system in simulation hard-
ware and install it into a motion-hase simulator with full operational capa-
bility. The appropriate TCAS software will he implemented to provide fidelity

to the situation and to make the findinas more qgeneralizeable to actual
operations.
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A.@ Simulation Center and Hardware Layout and Summary

The various requirements of this study calied for an easily reconfiqurahie
facility in which several flight deck systems could be demonstrated, tested
and evaluated in a realistic enviranment., The Kent Visual Flight Similator at
the Flight Simulation Center was chosen. Located in a flexihle experimental
simulation Taboratory, the simulator, called the Blus Cah, was modified to
represent a aeneric wide body cockpit confiquration with a working pilots
station.

The cockpit instrumentation included two TCAS advisory displays, a TCAS
advisory annunciator and twn TCAS alertina devices fLED disalay and IVSI with
directory lights). Several combinations of vthe TCAS aquipment were used but
they were never all used together.

An external visual workload was provided to the wilot throuagh the forward
windscreens; computer controlled video used for takeoff, tarart locaticn. The
nitot was also presented alertina aurals, 3ir traffic control commands,
backqground communications, and engine and aesro sounds,

The test conductor was in visual and voice contact with the piiot throuchout
the tests from his console. This console enabhisd the test conductor to
interface directly with the main computer and contro! all audio and video

parameters. Figure A.N-1 depicts the laycut nf the simulation center.

A.1 Cockpit Simulator

The Blue Cab had a hybrid {(electronic and conventional) main instrument panel,
standard center console, and seats for the piint and copilot. Active fiight
instruments were provided for the pilot onlv. Mounted on a hydraulic plat-
form, the cah was positioned towards the front (projection screen side) of the
lowered platform. This placed the pilet's eye reference voint in an cptimal
relationship with respect to the hemisperical projection screen. The
projector was located directly above the pilet and the eye reference point was
about eighteen feet from the screen. A cide view of the Rlue Cah is
illustrated in Fiqure A.1-1.
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8.1.17 Pilots' Instrumentation

The Blue Cab's main instrument panels, supporting framework and alareshield
was designed to reoresent a generic wide body commercial aircraft. The
nilots' instrumentation consisted of raster scan CRT's, standard
electro-mechanical instruments, annunciators and switches. A (9 inch) color
Hitachi CRT was used for the EADI and it was driven by a Boeing built color
graphics generator. Advanced system alerts were presented on a (5 inch) color
Hitachi CRT. A Lexidata model 3400 color agraphics aenerator was used to drive
this CRT. A (9 inch) black and white CRT used to display engine instrument
information was driven by a Boeing built bar qraphics generator. Refer to
Figure A.1.1-1.

The servo and synchro motors of the electro-mechanical instruments were driven
from a local controller. Digital information from the host computer was fed
to the controller. The controller then passed it through digital to analoaq
and digital to syncro converters. Discrete input cards sampled the switches
when requested by the host computer.

This included the Pilot Response Panel switches (Fiqure A.1.1-2). Except for
the "TCAS ALERT" and master Warning/Caution switch lamps, all lighted
annunciators were driven with discrete output cards. The (amber) "TCAS ALERT"
and (red and amber) warning and caution switches were controlled by a TCAS
audio-video (TAV) unit, (Section A.2.2).

The FAA supplied a modified TVSI (with director lamps) which is discussed

in Section A.2.6. Two different CAS Advisory Displays were evaluated. They
were mounted in the center console forward of the throttles (Fiaqure A.1.1-2),
These advisory disnlays are descrihed in Section A.2.5.

A.2 CAS Simulation FEquipment

The CAS Simulation Equipment was designed to operate as an integral subhsystem
to the Blue Cab with only two interface 1inks required between it and the host
computer (Fiqure A.2.-1). This design made it possible for the system to be
checked out before installation, eased integration and checkonut in the
simulation 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 BEU Simulator Unit

In a TCAS equipped aircraft, Beacon Electronics Unit (BEU) will inteqrate
aircraft performance data and compare it against TCAS interrogative aircraft
in the general vicinity. If an intercept with one or more aircraft is
predicted, the BEU will alert the flight crew with an advisory and/or time
critical warning device.

An actual BEU was not available for this study so a Data General MicroNova was
used to simulate some of the BEU functions. The MicroNova had 32k bytes RAM
and a dual flexihle disk unit for program and data storage. Three RS-232
serial ports and one 16-bit parallel port were used.

Much of the BEU active loqic was not needed because "canned" intrusion
scenarios were used. For this reason the slower and less powerful MicroNova
capably supported this study.

The MicroNova was sianaled from the host computer when to start each intrusion
sequence via RS-232 1ink. Table A.?2.1-1 1ists the messages sent between the
host computer and the MicroNova.

The MicroNova output to the Advisory Display RS-232 Port throughout each
simulation run. This RS-232 port was connected to a switching hox that
permitted the test conductor to select the AID display, the Smith/Collins
display or no advisory display at all.

The 29-byte message that was ouput at a rate of once per second (1 Hz) could
contain information on up to three intruding aircraft in addition to own
aircraft performance data. Fiqure A.2.1.1 depicts the advisory message byte
definition.

When a PA, TA and/or RA alert occurred one or more of the twelve 1lines from
the MicroNova to the TCAS Lamo Driven Unit were activated. The ten least
significant 1ines corresponded to the ten TCAS/IVSI director lamps. The other
two lines signaled TA's and PA's. Table A.2.1.2 lists the valid messaqe/bit
combinations.



Table A.2.1-1. Summary of Host-to-BEU Simulation Unit Message Formats

Word BEU simulation unit
Description number Word definition Scaling Range Units | receiving modes

Initiate 1 Start of message 0A05 (HEX) Run mode oniy
intruder 2 Number of bytes 4

3 Message 1D = 1 1
Message 4 Intruder ID +(1-40)
No. 1 5 Advisory status Discrete
Initialization 1 Start of message 0ADL (KEX) Reset mode oniy
status 2 Number of bytes 8

3 Message ID = 2 2

4 BEU performance Gt 7
Message 5 AOA status Discretes | (1 or 1
No.?2 6 T1 (iteration) T1/4 3.2510 4 Sec

7 T2 (aid update} To/4 025104 Sec
System time 1 Start of message DAQS (HEX) Reset ard run modes
and simulation 2 Number of bytes 8 only
aircraft 3 Message ID = 3 3
parameters 4 Hours 01c 23

5 Minutes O b9
Message 6 Seconds 0tc 59
No. 3 7 Aircraft altitude H/50 50 to 60,000 Ft
BEU mode 1 Start of message JAGS (HEX) Reset, run, and hold
commands 2 Number of bytes 2

3 Message ID =4 4
Message No. 4 4 Mode definition Discretes
Intruder 1 Start of message 2A08 (HEX) Run mode only
termination 2 Number of bytes 4
status 3 Message 1D =100 100

4 Iritruder 1D 1-4%

5 Termination status 0
Message No. 100
Error 1 Start of message NADL (HEX) Run, reset, or hold
message 2 Number of bytes 2 inodes

3 Message ID = 101 101

4 Error code 11010
Message No. 101
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SYSTEMTIME—hr

SYSTEMTIME—min

SYSTEMTIME—sec
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INTRDR 1 RANGE
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INTRDR 1 AOA

INTRDR 1 CAS COMMAND
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1270 17
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FOR

INTRUDER 3
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AQA
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CAS
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Angle of arrival
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Figure A.2.1-1. Advisory Message Byte Definition
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Table A.2.1-2. Definition of Parallel Data Sent to IVS! and TAV by MicroNova.

12 BIT OUTPUT

TCAS MESSAGE

Resolution advisory

11-bit 0 Number
000000000000 NO VERTICAL COMMAND

001000000000 CLIMB—MAX RATE 1
000100000000 DESCEND—-MAX RATE 2
000011110000 ZERO CLIMB 3
000011100000 CLIMB LIMIT 500 ft/min 4
000011000000 CLIMB LIMIT 1,000 ft/min 5
00001Q9RO000 CLIMB LIMIT 2,000 t1/imin 6
000000001111 ZERO DESCEND 7
000000000111 DESCEND LIMIT 500 ft/min 8
000000000011 DESCEND LIMIT 1,000 ft/mmn 9
000000000001 DESCEND LIMIT 2,000 ft/min 10
000060011111 CLIMB FASTER THAN 500 {t/min 1
000000111111 CLIMB FASTER THAN 1,000 ft/min 12
000001111111 CLIMB FASTER THAN 2,000 ft/min 13
000011111000 DESCEND FASTER THAN 500 ft/min 14
000011111100 DESCEND FASTE# THAN 1,000 ft/min 16
000011111110 DESCEND FASTER THAN 2,000 ft/min 16
000011111111 3AND 7 17
000011101111 4 AND 7 18
000011001111 5 AND 7 12
000010001111 5§ AND 7 20
000011110111 3 AND 8 21
000011100111 4 AND 8 22
£00011000111 5 AND 8 23
000010000111 6 AND 8 24
000011110011 3AND 9 25
000011100011 4 AND 9 26
000011000011 5AND 9 27
000010000011 6 AND 9 28
000011110001 3 AND 10 29
000011100001 4 AND 10 30
000011000001 5 AND 10 31
000010000001 8 AND 10 32
000011011111 5 AND 11 33
000010011111 8 AND 11 34
000010111111 6 AND 12 35
000011111011 g AND 14 36
000011111001 10 AND 14 37
000011111101 10 AND 15 38
010000000000 TA, CAUTION

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.?2.2 Lamp Driver for TCAS/IVSI and TAV Unit

The Lamp Driver was was mounted in the same rack as the MicroNova and the TAV
unit. It accepted inputs (12 lines) from the MicroNova and provided high
voltage drive signals for the 28 volt lamps in the IVSI and the hiah voltanqe
receivers in the TAV unit. Switches on the Lamp Driver gave the test
conductor the option of outputing to the TCAS/IVSI and/or TAV and conductinag a
lights test feature.

A.2.3 TCAS Audio-Video (TAV) Unit

The TAV unit functioned as an alert controller in this study. (Fiqure
A.2.3.1Y. A Zilog 784 microprocessor monitored and prioritized incoming TCAS
alert sianals from the MicroNova (via Lamp Driver) and aircraft system alerts
from the host computer (via Warning and Caution control console). Table
A.?2.1.2 1ists valid TCAS alerting messages. 0Only three tynes of system alerts
were recoanized by the TAV unit; Warning, Caution and Advisory.

The TAV front panel has several switches for selecting alerting options and a
LED display that mirrors the status of the IVSI director lamps, Fiaure
A.2.3-2. This layout gave the test conductor the ability to easily change
alerting arrangements and monitor intrusion runs.

Three alerting tones are produced by the tone generator; warning = European
Siren, caution = C-Chord and advisory = Sinqle Chime. These tones were used
for TCAS and System alerts. The C-Chord had a 9 second cycle, ? seconds on
and 7 seconds off, until cancelled.

The speaker enclosure was located behind the pilots' right shoulder, Figure
A.1.1-2. A microphone and preamp for the automatic gain contrnl were also
mounted in the speaker enclosure. The automatic gain control was set up to
keep the aural tones about 8dB above the ambhient noise. The "critical
bandwidth" monitored was 3NN to 2400 hertz.
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A National Semiconductor voice synthesizer chip was used to produce the TCAS
voice messages that are listed in Table A.7.1.7. The individual words were
stored on PROM's. A total of 277 phrases, tones and pauses were available.

A1l recordings were done by National. The complete vocahulary is listed in
Table A.2.3-1.

The two liahted alerting switches were mounted on the alareshield as shown in
figure A.1.1.1. The split legend Master Warning/Caution and TCAS Alert
switches were controlled and sensed by the TAV unit. Both switches were also

monitored by the host computer.

Figure A.2.3-3 is a block diagram of the LED TCAS disolay unit. The TAV unit
sent an eight bit address to the LED unit *n display the LED imaades. The bit
maps for all the TCAS graphic and alphanumeric dispiavs were stored on PROM's
in the LED unit.

A.2.4 FAA CAS Advisory Display

An Airborne Intelligent Display (AID) and required supnort equipment were
supplied by the FAA. The AID was a modified Bapdix color weather radar
display. A microprocessor hased controller had its program stored in PROM and
on power-up it initialized and assumed Tabular Display Mode. This AID was
only used in tabular mode, although it had some graphic capability. A block
diagram of the AID system is shown in Figure A.?7.4-1.

The AID system received data from the BEU simulation unit {Micro MOVA) via
RS-232 1ine running at 9600 baud rate. Information was transferred to the ALD
in formatted data blocks of up to 29 8-bit bytes once every two seconds. Fach
data block began with a sync hyte and byte counter followed by nine hyte
header of own aircraft status and then up to three advisory data blocks of
intruding aircraft. A data block was transferred to the AID every two seconds
whether or not advisories were present., If advisories were not present

nothing was displayed on the monitor. Refer to Fiqure A.2.4-7 for AID messaqe

byte definition.
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Table A.2.3-1. Voice Vocabulary List

ONE

TWO
THREE
FOUR
FIVE

SIX
SEVEN
EIGHT
NINE

TEN
ELEVEN
TWELVE
THIRTEEN
FOURTEEN
FIFTEEN
SIXTEEN
SEVENTEEN
EIGHTEEN
NINETEEN
TWENTY
THIRTY
FORTY
FIFTY
SIXTY
SEVENTY
EIGHTY
NINETY
HUNDRED
THOUSAND
MILLION

N
m
P
o

VOZEIrARS—"ITomMmmoOOwW>

N<XsSsS<CH®®WIO

> >
oW
o0
o)
3

ADJUST
ADVISORY
AGAIN
ALARM
ALERT
ALL
AMPERE
AND

ASK
ASSISTANCE
AT
ATTENTION
BRAKE
BUTTON
BUY
CALL
CANCEL
CASE
CAUTION
CENT
CENTI
CHANGE
CHECK
CIRCUIT
CLEAR
CLIMB
CLOSE
COLLISION
COMMA
COMPLETE
CONNECT
CONTINUE
CONTROL
COPY
CORRECT

DANGER
DATE
DAY

DE
DECREASE
DEGREE
DEPOSIT
DIAL
DIVIDE
DO
DOLLAR
DOOR
DOWN
EAST

ED
EMERGENCY
END
ENTER
ENTRY
EQUAL
ER
ERROR
EVACUATE
EXIT
FAIL
FAILURE
FARAD
FAST
FASTER
FEET
FIFTH
FIRE
FIRST
FLIGHT
FLOOR
FLOW
FORWARD
FROM
FUEL
GAS

GET

GO
GOING
GRAM
GREAT
GREATER
HALF

HAVE
HEADING
HELLO
HELP
HERTZ
HIGH
HIGHER
HOLD
HOUR

IN
INCHES
INCORRECT
INCREASE
INTRUDER
IS

T

JUST
KEY
KILO
LEFT
LESS
LESSER
LEVEL
LIMIT
LOAD
LOCK
LOW
LOWER
MAINTAIN
MARK
MAXIMUM
MEG
MEGA
METER
MICRO
MILE
MILLI
MINUS
MINUTE
MORE
MOVE
NEAR
NEED
NEXT

NO
NORMAL
NORTH

NOT
NOTICE
NUMBER
OF

OFF
OHMS
ON
ONWARD
OPEN
OPERATOR
OR

ouT
OVER
PARENTHESIS
PASS
PER
PERCENT
PICO
PLACE
PLEASE
PLUS
POINT
POUND
PRESS
PRESSURE
PULSE
QUARTER
RANGE
RATE

RE
REACH
READY
RECEIVE
RECORD
REPLACE
REVERSE
RIGHT
ROOM
SAFE
SECOND
SECURE
SELECT
SEND
SERVICE
SET
SIDE
SLOW

SLOWER
SMOKE
SOUTH

SPACE

SPEED

SS

STAR

START
STATION
STOP

SWITCH
SYSTEM

TEST

TH

THAN

THANK

THE

THIRD

THIS

TIME

TOTAL
TRAFFIC
TRY

TURN

upP

USE

UTH

WAITING
WARNING
WATER
WEIGHT
WEST
WINDOW

YES

ZONE

400-Hz TONE
800-Hz TONE
20-ms SILENCE
40-ms SILENCE
80-ms SILENCE
160-ms SILENCE
320-ms SILENCE
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INPUT DC EQUIPMENT LOCATED
POWER >———— POWER MICROPROCESSOR IN CENTER AISLE STAND
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BYTE ORDER
1

2
3
4
5
6

7
8
9
10
1
12
13
14
15
16
17
18
19
20
21
22
23

24
25
26
27
28
29

A 5

BYTE COUNT

SYSTEMTIME (hr)

SYSTEMTIME (min)

SYSTEMTIME (sec)

AOA STATUS

BEU PERFORMANCE

SIM A/C ALT (LSBYTE)

SIMA/CALT (MSBYTE)

IVSI BYTES-0

IVSI BYTES—0

INTRUDER-1 ID

INTRUDER—1 RANGE

INTRUDER—1 RANGE RATE

INTRUDER—1 RELATIVE ALTITUDE

INTRUDER—1 AOA

INTRUDER—-1 CAS COMMAND

SAME ASBYTES

12TO 17

FOR

INTRUDER 2

SAME AS BYTES

12TO 17

FOR

INTRUDER 3

Abbreviations:

AOA angle of arrival

SiM A/C simulation aircraft
LSBYTE feast significant byte
MSBYTE most significant byte
INTRDR intruder

CAS collision avoidance system
REL ALT relative altitude

Figure A.2.4-2. AlD Message Byte Definition
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A.2.5 GRAPHIC CAS ADVISORY DISPLAY

Graphic CAS advisories were presented on a Collins color monitor driven by 3
Smiths color graphics generator. The test conductor was able to select
hetween two araphic modes. One mode was identical to the one supplied with
the FAA AID. The other was an advanced graphic presentation.

The data format and bus to the Smiths graphics generator was identical to the
one defined in Section A.2.4.

A.2.6 CAS/TVST UNIT

An Intercontinental Dyanmics Corporation instantaneous vertical speed
indicator (IVSI) modified with collision avoidance system director lamps was
used for the tests. The IVSI analoq syncro needle was driven by the host
simulation computer with an analog syncro driver. The eight "eye brow" lamps
and two arrows were driven by the BEU simulation unit. Refer to Fiqure A.2-1.

A.3 SIMULATION AUDIO AND VIDEO SUPPORT

A.3.1 Simulation Audio

A multiple tape player audio system was used to provide specific and general
ATC information plus aero and engine noise. Fiqures A.3-1 and A.-3-2 show the
audic system block diagram and equipment arrangement.

The three ATC audio cassette players and aero-engine reel-to-reel tape player
were under limited control of the host computer via the Master Control
Console, Section A.3.3. The aero-engine noise and ATC background audio tapes
could only be started and stopped. The ATC special and ATC TCAS messaaes
could be started by the host hut they would not stop until the host sianaled a
stop and an end of message sianal was sensed on the taves second audio
channel. This arrangement allowed the host computer to precisely start ATC
messages. The tapes would stop at the end of one message and be positioned at
the start of the next one.
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EQUALIZER
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aero and engine noise
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aero and engine noise

ATC message mixing
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Figure A.3.1-2. Audio Equipment Rack Layout
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A1l the ATC audio cassettes outputs were mixed and amplified by one channel of
@ h0 watt per channel Morantz amplifier. A microphone input for the test
conductor was also mixed with the ATC messages. This microphone was normaliy
used before and after a mission scenario.

The aero-engine noises were output on separate channels from the reel-to-reel
tape player. The host controlled the output levels of channel with
programmable amplifiers. The programmahle amplifiers are described in Section
A.3.3. An Altec Lansing audio frequency equalizer was used to shape the aero
and engine noises tn make them more realistic soundinag. After the equalizer,
an audio mixer was used so that each of tha ftwno Yarge speakers would have both
aero-engine noises. A 300 watt per channa! audio amplifier was able to boost

the aero-enqgine noise levels to realistic volumes,

A.3.2 Simulation Visual

A moving outside visual scene was projected on a thirty foot diameter
hermispherical screen in front of the cab. This scene was projected by a
hlack and white projector that was mounted on toe of the cab, directly over
the pilot's head. The movina scenes were provided by a closed-circuit servo
camera and "canned" visual intrusions on a videc cassette player. Fiqure

A.3.2-1 shows the video system lavout.

Take-off and 1anding scenes were qenerated with the closed-circuit servo
camera scanning an airport model. The intruder scenes were orerecorded on /4
inch video cassette. When a intrusion sequence was to start the host compiter
started the video player. The master contrnl consnle had circuitry that would
sense the end of the scene and stop the tane.

A-24






A.3.3 Simulation Audio and Video Control

Located next to the cab, on the main floor of the simulation room, the master
conductor console provided a acod view of the proiection screen, the piiot
station, and the audio and video equipment. Through a terminal on the
console, the test conductor controlled the simulation host computer and varied
simutation parameters. An intercom system permitted communication with the
host computer room, the model room, and the cab. The console layout is shown
in Fiqure A.3.3-1.

The audio equipment rack was located next o the consnle. Most of the audin
system controls were remoted to the consolie, and the close proximity of the
equipment rack afforded easy visual verification of actions taken. The master
conductor console had an internai 16 iine hus that was fed from a 16-hit
interface with the host. This interface allowed the host computer to directiy
control the audio players, video player, three clocks, aero-engine
proqrammahle amplifiers. It also provided an interface with the TAV unit to
pass aircraft system alerts. Refer %o Figure A.3.3-? for a hlock diaaram of

the interface hus. The device interfaces are defined helow.

Device Interface #1, Address 1 {0NN1R)

Data Line - N - slide proijector direction, high = forward, low = reverse
1 - slide projector 1, high = enahle, low = disable
?2 - slide projector ?, high = enable, low = disable
3 - slide proiector 3, high = enable, low = disable
4 - MCC, HOLD = low, RUN = high, RESET = low
5 - clocks Tow, Tow high
6 - audio cassette 1, PLAY = high, STOP = low
7 - audio cassette 2, PLAY = high, STOP = low
8 - audio cassette 3, PLAY = hiagh, STOP = low
9 - audio reel, PLAY = high, STOP = low
10 - video cassette, PLAY Active Hiah
11 - video cassette, PAUSE Active Hiagh
ADDR. 12 - 1
13 - 0
14 - 0
15 - 0
Notes: - slide projectors will not be used for TCAS study

- aurdio cassette 1 will play TCAS Special Messaqes

- audio cassette ? will nlay ATC Special Messaqes

- audio cassette 3 will play ATC Rackarcund Communication
- audio reel will play Aero and Engins Noise
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Figure A.3.3-1. Master Conductor Console Layout
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Device Interface #2, Address 2 (NN1NB)

This address is used to direct the TAV microprocessor or to sound the alerting
tones and 1ight the alareshield mounted master warning/caution switch. Values
are latched and held until changed by host.

Data Line - 0 - master warning light, high = on, Tow = off
1 - master caution light, high = on, low = off
2?2 - warning tone, high = on, low = off
3 - caution tone, high = on, low = off
4 - advisory tone, high = on, Tow = off
R - N
7 - 0
R -~ N/C
9 - N/C
10 - N/C
11 - N/C
ADNR. 12 - 0
13 -1
14 - 0
15 - 0

Device Tnterface #3, Address 3 (NN11B)

This address controls the Aero and Engine Moise Programmahle Amplifiers., Aero
uses amp. #1 and Enaine uses amp. #2. Values are latched and held until
changed by the host.

Data Line N - 0O 1

1 -0 1

2 - 0 1

3 -0 1

4 - 0 1 FULL ON
5 - 0 1

6 - 0 1

7 -0 1

8 - 0 1

9 - 0 1
10 Sign bit - set low always
11 - Amp. Selection - hiagh = Amp 2, Tow = Amp 1
12 - 1
13 - 1
14 - 0
15 - 0
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A.4 HOST COMPUTER AND INTERFACING EQUIPMENT

The simulation host computer was comprised of three Varian V75 computers
operating in parallel. A nine-track magnetic tape system was used to record
pilot responses, flight parameters, and flight data.

A11 simulation equipment, including the flight instruments, were controlled by
the simulation host computer through a chaining I/0 controller (or chain
controller). The chain controller on instruction from the host computer
passed data to selected instruments {or hardware} or retrieved data from the
simulator. The chain controller 31so interfaced with the test conductor's
console and the model room. The chain controller cycled at a rate of 2.5 to
10 milliseconds. Maximum usage brought it down to 1N milliseconds per cycle.
Therefore, the maximum delta between a pilot's or flight engineer's action and

the notation of that action was approximately one one-hundredth of a second.
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c. Airspeed

d. Al timeter

e. Vertical speed/resolution advisory display
f. Clock

g. Alert display(s)

h. Engine instruments

i. Flaps

i. 1?2 key

k. LED resolution advisory display
1. AID traffic advisory display
m. CRT traffic advisory display

Active controls

a. Wheel and column

b. Rudder and toe brake
c. Speed hrake

d. Flaps

e. Gear

f. Fire handles

g. Response switches

h. 12 key

i. Throttles

Flight path

a. Takeoff

b. Climb-cloud layer - VFR on top

c. Cruise

d. Descent-cloud layer - 280' ceiling
e. Land

f. Turns

qg. Autothrottle

h. Windshear

i. Updates

ATC

a. Flight path direction
b. Traffic annunciation




ITI. CREW ALERTING

1. Advanced system displays
a. Information (systems/AIN/CRT)
b. Master wvisual
c Master aural
d Voice alerts
Time critical (LED/IVSI)
f. EADT /HUD change

D
.

2. Conventional system display (not used in this test)
a. Distributed alerts
b. Annunciator panel

C. Discrete tones

3. Alert response
a. Fliaht management responses
b. System management responses
c. Collision avoidance responses

4, Review alerts and responses
1v. TRAINING FLIGHTS

1. Airplane familiarization flight
a Review handling
b. Introduce ATC gquidance
C Familiarization with flight plan
d Familiarization with visual encounters
2. TCAS system familiarization
a. Review possible alerts

b. Review responses
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APPENDIX C

POST FLIGHT OUESTIONNAIRES
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POST-FLIGHT QUESTIONNAIRE (IVSI)

Please complete the following questions with respect to the BCAS confiquration
that you flew with on your last flight. Use the Comments section freely since
your input is important to the development of useful recommendations. Also
use the Comments section to enumerate any operational difficulties you foresee
with this TCAS confiquration.

Pilot: Date:
TCAS Configuration:

1. In general, were the actions required by the commands clear and

unambiquous?

Always Usually Sometimes Seldom Never
75% ?25%

Comments:

2. Did the use of colors help in interpreting the command display?

Very much Some Very 1ittle None
33% 42% 17% 8%

Comments:

3. Did the modification of the IVSI by addition of command 1ights detract
from the primary purpose of the instrument?

YES NO
8% 92%

Comments:




4. Did the command display contain TOO MUCH or TNO LITTLE information; that

is, was the display too busy or not informative enough?

About right 83%

Add the following: How much and how fast, use TCAS 1ight more

Delete the following:

Comments:

5. Did the display and/or command cause you to make laraer than normal {.?56G
to 1000 fpm) vertical accelerations?

Always Usually Sometimes Seldom Never
179 50 8% 259

Comments:

6. Did the master alert(s) enhance or detract from system effectiveness?

Greatly Enhance No Detract Greatly
Enhance Effect Detract
17% 50% 25% 8%
Comments:
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In the space below please describe any difficulties you had during the flight
and/or with the TCAS equipment. Also use the space to qive any overall
comments on the TCAS display(s) and information presentation.
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POST-FLIGHT NUESTIONNAIRE (LED)

Please complete the following questions with resnect to the BCAS configuration
that you flew with on your last flight. Use the Comments section freely since
your input is important to the development of useful recommendations. Also

use the Comments section to enumerate any operational difficulties you foresee

with this TCAS confiquration.

Pilot: NDate:

TCAS Confiquration:

1. In qeneral, were the actions required hy the commands clear and

unambiquous?

Always Usually Sometimes  Seldom Never
25% 50 17% 8%

Comments: Limit Commands difficult to read

2. Did the use of colors help in interpreting the command Aisplay?

Very much Some Very 1ittle None
17% hR% 17%

Comments:
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3. Did the command display contain TNO MUCH or TOO LITTLE information; that
is, was the display too busy or not informative enough?

About right 42%

Add the following: 2% add rate information

Delete the following: 50% too busy, make graphics more simple

Comments:

4. Did the display and/or command cause you to make larger than normal (.25G
to 1000 fpm) vertical accelerations?

Always Usually Somatimes  Seldom Never
il 75% 172

Comments:

5. Did the master alert(s) enhance or detract from system effectiveness?

Greatly Enhance No Detract Greatly
Enhance Effect Detract
17% 831, _ _ _
Comments:




In the space below please describe any difficulties you had during the flight
and/or with the TCAS equipment. Also use the space to give any overall
comments on the TCAS display(s) and information presentation.

c-7



POST-FLIGHT OUESTIONNAIRE (VOICE)

Please complete the following questions with respect to the TCAS confiquration
that you flew with on your last flight. Use the Comments section freely since
your input is important to the development of useful recommendations. Also
use the Comments section to enumerate any operational difficulties you foresee
with this TCAS confiquration.

Pilot: Date:
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 disptay too busy or not informative enough?

About right 25%

Add the following: 75% voice should stay on, need visual

Delete the following:

Comments:
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3. Were the voice alerts ever interfered with by other communication?

Always Usually Sometimes  Seldom Never
33% 17% 5N%

Comments:

4. Did the display and/or command cause you to make larger than normal (.?5G
to 1000 fpm) vertical accelerations?

Always Usually Sometimes  Seldom Never
25% 50% 8% 17%

Comments:

5. Did the master alert(s) enhance or detract from system effectiveness?

Greatly Enhance No Detract Greatly
Enhance Effect Detract
17% 50% 17% 8% 8%
Comments:




In the space below please describe any difficulties you had during the flight
and/or with the TCAS equipment. Also use the space to give any overall
comments on the TCAS display(s) and information presentation.
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POST-FLIGHT OUESTIONNAIRE (CURRENT GRAPHIC)

Please complete the following questions with respect to the TCAS configuration
that you flew with on your last flight. Use the Comments section freely since
your input is important to the development of useful recommendations. Also
use the Comments section to enumerate any operationa! difficulties you foresee
with this TCAS confiquration.

Pilot: Date:
TCAS Confiquration:

1. Were the traffic advisories presented in time to bhe effectively used?

Always Usually Sometimes  Selrdom Never
ha% 36%

Comments:

2. Were the traffic advisories as useful as current ATC traffic advisories?

More About, Seldom Never
useful as useful as useful as usefuyl
64% 27% 9%

Comments:




3. How did the advisories affect your workload as compared to current ATC

advisories?

Unacceptable Acceptable No effect Small Larqe
increase in increase in on workload decrease decrease
workload workload in workload 1in workload

73% 9% 9% 92

Comments: Much easier than tabular, looking at screen breaks up scan

4, Do you feel the threat display would help you locate traffic you would not
nomally 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?

Always Usually Sometimes Seldom Never
27% 55% 18%
Comments:
6. Was the graphic format clear and unambiquous?
Always Usually Sometimes Seldom Never
27% 55% 18%
Comments:

C-12






In the space helow please describe any difficulties ynu had during the flight
and/or with the TCAS equipment. Also use the space to give any overall
comments on the TCAS display(s) and information presentation.
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POST-FLIGHT QUESTIONNAIRE (NEW GRAPHTC)

Please complete the following questions with respect to the TCAS confiauration
that you flew with on your last flight. Use the Comments section freely since
your input is important to the development of useful recommendations. Also
use the Comments section to enumerate any operational difficulties you foresee
with this TCAS confiquration.

Pilot: Date:

TCAS Confiquration:

1. Were the traffic advisories presented in time to be effectively used?

Always Usually Sometimes Seldom Never
82% 18%

Comments:

2. Were the traffic advisories as useful as current ATC traffic advisories?

More About Seldom Never
useful as useful as useful as useful
64% 27% 9%

Comments:
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3. How did the advisories affect your workload as compared to current ATC
advisories?

Unacceptable Acceptable No effect Small Larae
increase in increase in on workload decrease decrease
workload workload in workload in workload
_ 6% 9% 277 _
Comments:

4, Do you feel the threat display would help you locate traffic you would
not normally see?

Mways Usually Sometimes  Seldom Never
18% 45% 37%
Comments: Possibility of misidentification exists

5. Do you feel that the master caution alert was necessary to draw your
attention to the threat display?

Always Usually Sometimes Seldom Never
18% 64% 9% 99,

Comments: Do not need three levels, visual and aural should come oN at the

same time

h. Was the qraphic format clear and unambiquous?

Always Usually Sometimes Seldom Never
36% 36% 27%
Comments: Prediction vector added unnecessary clutter
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7. Was there too much or too little information provided by the graphic
format?

About right 91%

Add the following: 9% instruder's speed

Delete the following:

Comments:

8. Were you able to read the tabular information fast enough?
Always Usually Sometimes  Seldom Never
% 26% 64%

Comments:

9. Were you able to use the tabular data to anticipate the evasive maneuver?

Always Usually Sometimes  Seldom Never
64% 36%

Comments:
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In the space below please describe any difficulties you had during the flight
and/or with the TCAS equipment. Also use the space to give any overall
comments on the TCAS display(s) and information presentation.
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POST-FLIGHT NUESTINNNATIRE (TABULAR WITHOUT REARING)

Please complete the following questions with respect to the TCAS confiquration
that you flew with on your last flight. Use the Comments section freely since
your input is important to the development of useful recommendations. Also

use the Comments section to enumerate any operational difficulties you foresee

with this TCAS confiquration.

Pilot: NDate:
TCAS Confiauration:

1. Were the traffic advisories presented in time *o be effectively used?

Always Often Sometimes  Seldom Never
459 36% 19%
Comments:
2. Were the traffic advisories as useful as current ATC traffic
advisories?
More About Seldom Never
useful as useful as useful as useful
9% 36% 369 18%

Comments: Update rate very distracting
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How did the advisories affect your workload as compared to current
ATC advisories?

Unacceptable Acceptable No effect Small Large
increase in increase in on workload decrease decrease
work1oad workload in workload 1in workload
27% 4% 9%
Comments: Too much interpretation, multiple alerts impossihle
4, Do you feel the threat display would help you locate traffic ynu
would not normally see?
Always Usually Sometimes Seldom Never
91% 9%
Comments:
5. Do you feel that the master caution alert was necessary to draw your
attention to the threat display?
Always Usually Sometimes Seldom Never
36% 46% 9% %
Comments: Chime is inadquate
6. Did the tabular data provide a clear and unambiquous representation
of the threat?
Always Usually Sometimes Seldom Never
9% 9% 36% % 36%
Comments: Too hard to "picture" where the traffic is. Colors were more

important than the actual data

c-20



7. Was there too much or too 1ittle information provided by the tabular

format?

About right 27%

Add the following: 73% add bearing

Delete the following:

Comments: Do not like update rate

8. Were you able to read the tahular information fast enough?
Always Usually Sometimes Seldom Never
54% 27% 9% 9%
Comments:
9, Were you able to use the tabular data to anticipate the evasive
maneuver?
Always Usually Sometimes Seldom Never
27% 18% R49

Comments: Especially difficult with multiple intruders
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In the space below please describe any difficulties you had during the flight
and/or with the TCAS equipment. Also use the space to give any overall
comments on the TCAS Adisplay(s) and information presentation.
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POST-FLIGHT QUESTTIONNAIRE (TABULAR WITH BEARING)

Please complete the following questions with respect to the TCAS confiquration
that you flew with on your last flight. Use the Comments section freely since
your input is important to the development of useful recommendations. Also
use the Comments section to enumerate any operational difficulties you foresee
with this TCAS confiquration.

Pilot: Date:
BCAS Confiquration:

1. Were the traffic advisories presented in time to be effectively used?
Always Usually Sometimes Seldom Never
h5% 36% 9%

Comments: Multiple intruders difficult

2. Were the traffic advisories as useful as current ATC traffic
advisories?

More About Seldom Never
useful as useful as useful as useful
18% 73% gg

Comments:
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How did the advisories affect your workload as compared to current
ATC advisories?

Unacceptable Acceptable No effect Small Large
increase 1in increase in on workload decrease decrease
workload workload in workload in workload
27% h47, 9%
Comments: Time consuming interpretation
4, Do you feel the threat display would help you locate traffic you
would not normally see?
Always Usually Sometimes Seldom Never
549 27% 18%
Comments:
5. Do you feel that the master caution alert was necessary to draw your
attention to the threat display?
Always Usually Sometimes Seldom Never
55% 27% 18%
Comments:
6. Did the tabular data provide a clear and unambiquous representation
of the threat?
Always Usually Sometimes Seldom Never
9% 36% 45% 9%
Comments:
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7. Was there too much or too 1ittle information provided by the graphic
format?

A

Abhout right 91%

Add the following: 9% direction of intruder vertical motion

Delete the following:

Comments: Multiple intruders could not he understood

8. Were you able to read the tahular information fast enough?
Always Usually Sometimes Seldom Never
9% 27% 649
Comments:
9. Were you ahle to use the tabular data to anticipate the evasive
maneuver?
Always Usually Sometimes Seldom Never
649 36%
Comments:
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In the space below please describe any difficulties you had during the flight
and/or with the TCAS equipment. Also use the space to give any overall
comments on the TCAS display(s) and information presentation.
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Observer No.

——————

TRAFFIC ALERT AND COLLISION AVOTDANCE SYSTEM (TCAS)
FLIGHT CREW OUESTIONNNAIRE

Name:

Company: Age:
Present Position: Aircraft:

Pilot Certificate(s) Held:

Total Hours: Past Year:

In the space below, identify the types of aircraft you have flown. Put a 1
above the aircraft type you have flown most recently, a 2 above the next, and

SO On.

v Am s 1 m am 2% &
(B-707) (B-727) (B-737) (B-747) (DC-8) (DC-9) (DC-10Y L-1011)  (Other)

Do you reqularly fly into TCA's?

YES 100% NO
(approximately times a year)

(which airports? )

Were you familiar with the TCAS program prior to your solicitation or
selection to participate in this experiment?

YES 67% NO 17% VAGUELY 17%

Comments concerning TCAS:

Please complete the following questionnaire, answering the questions with your

present views on aircraft separation in general and the Traffic Alert and
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Collision Avoidance System (TCAS) specifically. Although the comments are
optional, they can provide a valuable contribution to the test proaram.
Comments may be used to expand upon or qualify your initial answer, or to note
that the question is not framed in a manner which allows your true opinion to
be expressed. Therefore, please use the Comments sections liherally to ensure
proper interpretation of your answers. If you are not familiar with certain
aspects of the TCAS, please answer the question and indicate in the Comments
section your reservations. If you comment exceerds the space provided please
continue it on the back of the page or on a separate piece of paper (be sure
to number the continuation with the question number). In this section of the
questionnaire there are two types of questions: The first is multiple choice
in which you should select the answer that most closely matches your opinion.
Secondly, there are the open-ended questions asking for a written response.
Please answer these completely. Remember there is no right or wrong answer;
your thoughts are important,

1. In general, do you feel that a collision avoidance system should be

a. Required on all aircraft immediately.

75% b. Required on all aircraft as soon as it can be implemented and

demonstrated to nerform reliably.

c. Required on all aircraft in the terminal area only.
Required on all aircraft above or helow certain altitude
(indicate altitude ).

above heTow

8% e. Required on air carrier aircraft only.

8% f. Implemented as soon as it can be tied to the ATC system to provide

total traffic control.
8% a. Not required.

Comments: Used as a back-up for ATC. System should be reliable, economically
reasonable and compatible with ATC.




2a.

2b.

72c.

2d.

Please rank all the display confiqurations that you flew during the test
(1 = most preferred to 3 = least preferred.

IVSI AND VOICE
LED AND VOICE
VOICE ONLY

fw |~ [

Please rank all the threat advisory (TA) display formats that you observed

(1 = most preferred to 6 = least preferred).

6 None

2.6 Precursor Light

4.4 Tabular without Angle of Arrival
3.2 Tabular with Anale of Arrival
2.3 Minimum Graphic

—
[S)}

Advanced Graphic

Are there any displays or formats that you would add? If so please
describe them and gqive a rank relative to the above.

What display or combination of displays would you like to see used by the
TCAS system?

TCAS 1ight plus 1VSI (45%) advanced graphic plus IVSI (55%) could use

EADI on new aircraft




3a. Rank the following items in relative importance for accurate resolution of
a conflict (1 = most important, 18 = least important).

Rank Check if the
item is essential

Altitude of other aircraft 1.8 100%
Headina of other aircraft 6.4 25%
Relative bearing 3.1 789
Range of other aircraft 3.5 759
Other aircraft type 16.8

Vertical speed of other aircraft é:zi- 179
Horizontal closure rate h.4 17%
Vertical closure rate E 17%
Closure angle 9.7

Other aircraft identify 17.1
Projected miss distance horizontal 9.2
Projected miss distance vertical 3;5

Direction of miss (e.q., passing to left) 12.7

Time to closest approach 9.5 179
Turnina/not turning status of intruder 9.5 8%

Whether or not the intruder is TCAS equippedl?.4
Airspeed of intruder 11
If intruder is ATC controlled 12.4

Comments:

3b. Are there any other items of information that you would 1ike to have in a
conflict situation? If so please describe them and indicate if they are
essential.

Direction of vertical movement (42%)




4a. Do you feel that both corrective (climb) and restrictive (don't descend)
commands are necessary or useful?

CORRECTIVE RESTRICTIVE

Unnecessary 25%
Useful 8% 42%
Necessary 92% 33%

4h. Do you feel that both types of command have equal operational
criticality?

Corrective more Both the Restrictive
critical same criticality more critical
67% 33%

4c. In your opinion, what is the hest presentation format for the corrective
command alerts (e.qg., alphanumeric, arrows, pictorial, etc.)?

Arrow plus voice (100%)

4d. What is the best presentation format for restrictive commands?

Bars/vertical speed plus voice (92%), voice (/%)

Comments: A11 guidance should be positive
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5. It has also been proposed the TCAS use "maintenance" alerts in conijunc-
tion with the "command"” alerts. Do you feel that both maintenance
(maintain climb faster than 1000 fpm) and command alerts are necessary

and why?
Yes No
67% 33%
Explain:

6. In general, were the actinns indicated by the commands during the test
flights clear and unambiquous?

ALWAYS USUALLY SOMET TMES SELDOM NEVER
5% 1) .
Comments:

7. Do you feel that the commands used in the test qgave you sufficient time

to react?
ALWAYS USUALLY SOMETIMES SELDOM NEVER
Eﬁg 42%

Comments:




8. Did you agree with the command given?

ALWAYS USUALLY SOMETIMES SELDOM NEVER
B o

Comments: When a pilot anticipates the command and it is different he will be

reluctant.

9a. Did the display and/or command cause you to make larger than briefed
(.25G excersion to 1000 fpm) vertical accelerations?

ALWAYS USUALLY SOMETIMES SELDOM NEVER
B i) 33 25 17

Comments: Should have a motion base or a G meter

9b. What changes in format should be made to the IVST to improve system
performance?

Liahts are too bright, add horizontal arrows, indicate required climb
rate

9¢. What changes should be made in the LED display?

Too busy, move to glareshield

9d. What changes should be made in the voice?

Clarify 1imit command
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10. Does the modification of the IVSI by addition of command 1ights detract

from the primary purpose of the instrument?

YES NO
8% 92%

Comments:

11a. Does the use of color on the command display help in interpreting the
information presented?

VERY MUCH SOME VERY LITTLE NONE
7% ?5% 2%

Comments:

12a. There have been two ways defined to present the horizontal separation
hetween your aircraft and an intruder. The first is by time (TAU) which
takes into account not only range but also closure rate. The second is
the actual range (distance to the intruder). Which information would you
prefer?

Time Ranqe No Preference Other
42% 42% 17%

12b. Was the scale used in the test satisfactory?

Very Satisfactory Borderline Unsatisfactory Very
Satisfactory Unsatisfactory
8% 67% 259

Comments: Combine both time and range
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13. The current collision avoidance system prescrihes only vertical evasive
maneuvers, If technology would permit, do you feel that horizontal
maneuver should also be included and if so when would they he most usefu!?
- e.q., where and what speeds etc.?

YES 92% NO_ 8%

Comments: Avoid altitude crosses, when vertical change is inappropriate when

given a hard altitude, in high density

14. Since the present system provides only vertical resolution advisory
commands, how useful is the inclusion of vertical speed on the TCAS
Command Display?

Extremely Useful 0f No Detrimental Extremely
Useful Use Netrimental
33% 5N% 17%

Comments: Will he part of the maneuver so should be located in the same place?

15. Do you feel that the master visual warning was needed in addition to
the master aural to draw your attention to the TCAS alerts?

ALWAYS USUALLY SOMETIMES SELDOM NEVER
25% 50% 8% 52. 8%
Comments:
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16. How well do you feel the master aircraft aural alert drew your attention
to the TCAS alerts?

Excellent Good Fair Poor Unacceptable Not
No Changes Minor Minor Major Major Changes Needed
Chanqes Changes Changes Required

Beneficial Recommended Recommended
33% 589, 8%

Comments: TCAS light very heneficial, aural must coincide with the visual

17. Are both a master aural and master visual needed to ensure TCAS alert
detection under all environmental conditions (noise, 1ight, decompression
etc.) on the flight deck?

b

YES 83% N0 _17%

Comments:

1Ra. In addition to the command alerts (RA) do you feel that some form of
caution alert (traffic advisory), which would preceed most RAs, would
benefit TCAS?

VERY SOME VERY NONE
MUCH LITTLE
67% 331

18h. If you feel these would be a benefit please explain.

Takes startle effect away, prepares crew for possible action. Builds

analoqical sequence.
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18c. What elements would have to be added to the traffic advisory to make it
an essential part of the system?

None (1ight only), more time.

18d. What traffic should be displayed on the threat display (TA)?

33% Only threats as defined by the TCAS alqorithms.
33% TCAS threats with an option to display surroundina traffic.
33% TCAS threats with surrounding traffic displayed automatically

when a threat is present.

A11 surrounding traffic displayed with some filtering logic
used to reduce the number.

A11 surrounding traffic displayed.

Others - explain.

—_—
B —

19. If the traffic advisories (TA) contain only altitude and range informa-
tion of the threat aircraft would they still be considered an essential

part of a TCAS?

VERY SOME VERY NONE
MUCH LITTLE
33% 17% 17% 33%

Comments:
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20a. How useful do you feel the TCAS threat disnlay will be in each flight

phase?

Very Moderately Not

Useful Useful Useful Undesirable
Takeoff _ 5N% 17% 33%
Climb 58% 17% % 17%
Cruise 58% 8% 17% 17%
Descent 58% 17% R% 17%
Approach 58% 8% 17% 17%
Landing 8% 50% 8% 33%
Comments:

20b. During the test flights you saw both tabular and gqraphic formats for the
visual threat display, do you feel that the format will have an effect
on the displays utilization with respect to flight phase? If so please
explain.
Graphic best (100%), neither is too useful (42%)

21. In the test flights were the traffic advisories presented in time to be

useful?
ALWAYS USUALLY SOMET IMES SELDOM NEVER
42% 58%

Comments:
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22. What is the maximum number of traffic advisories that you helieve you
could monitor simultaneously while attending flight duties?

Comments: As few as possible

23. How helpful was the intruder's angle of arrival (AOA) or bearing in usina

the traffic advisory alerts?

Excellent fiood Fair Poor UInaccentahle Not
No Changes Minor Minor Maijor Major Chanaes Needed
Changes Chanaes Changes Required

Beneficial Recommended Recommended

58% 25% 17%

Explain: Will let you know when visual acquistiion is not possible

24. What type of presentation do you feel was most appropriate for the
traffic advisories? (Please rank 1 = most, 7 = least)

None  Precursor Tabular Tabular Minimum Advanced Both
light without with graphics graphics  tabular
angle-of- angle-of- and
arrival arrival qraphics
73 5.1 a1 2.2 L4 4.7
Comments:
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28a. Should the altitude of the intruder aircraft be given and if so in what

form?
Altitude Information MSL Relative to
not Required own Altitude

25 758

28b. In what intervals should the altitude information be given?

a. one foot

h. ten foot

c. hundred foot 92%

d. thousand foot 8%
Comments:

29. During the test flights were you able to visually acquire the intruder
aircraft by correlating it (them) with the advisory present?

ALWAYS USUALLY SOMETIMES SELDOM NEVER
1009

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 SOMETIMES SELDOM NEVER
B 672 173 Gk _
Comments:
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30b. Do you feel that this feature of the master caution is desirable?

ALWAYS USUALLY SOMETIMES SELDOM NEVER
a5, 331 259

Comments: Concerned with high density activation too frequently

30. Were you able to use the traffic advisory information to anticipate the
direction of the evasive maneuver?

ALWAYS USUALLY SOMETIMES SELDOM NEVER
58% 25% R% R%

Comments:

31. In qgeneral what do you feel about the amount of information provided by
the threat display (PWI)?

75% about right

18% too 1ittle, add to the following critical movement of intruder

8% too much, delete the following

Comments:

D-17




32a. During the test, the intruder aircraft symbol on the threat display went
away when the threat was resolved. How useful would it be if the display
remained active after your maneuver to show where the target aircraft

went?
Extremely Useful 0f No Detrimental Extremely
Useful Use Detrimental
17% 17 672

32h. 1f you feel that a delay would be useful, how tong should the target
remain on the screen? Pilot option, as long as it is in ranage, 5-10

seconds

Comments:

3%2c. Do you feel that pilots with automated threat advisories will become
complacent and devote insufficient time to visual scanning for non-
transponder equipped aircraft?

ALWAYS USUALLY SOMETIMES SELDNM NEVER
_ 50 v v v

Comments: Significant challange in crew training

33. Assuming you have a command display for warnings and a threat display
with bearing information, will you be concerned ahbout maneuvering into
other traffic during the escape maneuver?

ALWAYS USUALLY SOMET IMES SELDOM NEVER
255 8t EE3 £51 _
Comments:
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34h.

34c.

If a pilot visually acquires the aircraft which he helieves is causing an

RA can you think of any situations which would result in the plot con-
cluding that the RA is unnecessary? If so what are they?

System unreliability acquire the wrong taraet, parallel approach

holding pattern, visual illusions

Would the pilot be justified in not following the RA in these situations?
Why or why not? No (67%) Only if he can be sure it is false, if he

elects to use a horizontal maneuver, crews should be trained to follow

the RA

What influence does the type of TA service being provided have on your
responses to these questions?

Mone - an RA command is a command, must be reliable, with graphics pilot

may have more confidence in the RA

35. Do you feel that knowing the intruders position (altitude, range and
approximate bearina) with a traffic advisory would provide enough advance
information to allow you to minimize the anticipated deviation from your
planned flight path?

ALWAYS USUALLY SOMETIMES SELDOM NEVER
8% 50% 33% 8%
Comments:
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36. Do you feel that knowing the intruders position (altitude, ranae and
approximate bearing) with a traffic advisory would provide enough
information for you to begin making minor course, speed or altitude
changes BEFORE making visual contact to avoid getting a maneuver cnmmand?

ALWAYS USUALLY SOMETIMES SELDOM NEVER
mo s L

Comments: Also need heading

37. What effect would the TCAS have on your confidence when overflying/
underflying another aircraft by 1000 feet?

INCREASE CONFIDENCE  NO CHANGE LESS CONF IDENCE
67% 33%

—— —

Comments: If it works, if it is wrong one time confidence is qone

38a. Do you feel that use of TCAS could allow reduced vertical traPfffic
separation?

MUCH SOMEWHAT NO INCREASED
REDUCED REDUCED REDUCTION SEPARATINN
25% 75%

Comments: Only above FL 290

D-20




38h., Reduced Horizontal Traffice Separation?

MUCH SOMEWHAT NO INCREASED
REDUCED REDUCED REDUCTION SEPARATION
3 673

39. Do you feel that the TCAS will result in more or less communication with
ATC?

MUCH LESS SOMEWHAT LESS NO CHANGE SOMEWHAT MORE  MUCH MORE
L £i13 s 422

Comments:

40. Do you feel that a reliable TCAS will result in safer operations in

respect to midair collisions?

MUCH SOMEWHAT NO CHANGE SOMEWHAT MUCH LESS
SAFER SAFER LESS SAFE SAFE
58% 423

Comments: Key is reliability, probably to the same extent that GPUS prevents

collision with the aqround

41. What changes would he required in aircraft and ATC operating procedures
if TCAS were implemented?

Comments: RAs should be automatically transmitted, who has priority on

conflictina information between alert and ATC, ATC should not rely on TCAS,

Emergency authority to break clearance
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SEMANTIC DIFFERENTIAL INSTRUCTIONS

The semantic differential gives us a way to judge pilot opinions of the TCAS
in a systematic fashion. You can help by checking the deqree to which your
opinion falls between each of these 21 adjective pairs.

An example may help. Suppose we ask you to judae "politics" on the following
scale:

Gooof | [ [ [ [ | [sAD

If you feel that politics are very qood, 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 right-hand boxes. If your opinion is neutral, neither
positive nor negative, check the center box.

There are no "right" or "wrong" answers; we are simply asking your opinion.
Don't he hesitant to check the far left or far right boxes if you feel
stronqly about the concept. 1It's better that you don't change a check mark
once it is made; your first opinion may be most valid.

Both positive and neqative adjectives may appear on either right or left
sides, so consider each pair carefully before you make the check mark.
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Using the following descriptors, judge the TCAS VS| command display and its

operational uses as you currently know them.

CLEAR
DEMANDING
LIMITED
DESIRABLE

UNTRUSTWORTHY

COMPLEX
ASSISTANCE
VALUABLE
NONESSENTIAL
COMPLETE
NATURAL
EASY
HAZARDOUS
TIMELY
UNACCEPTABLE
UNBURDENING
STARTLING
INFORMATIVE
INDISTINCTIVE
RELIABLE
ACCURATE

C T T 1 [ T 1
[ [ [ T W71 T ]
| [ T T T ]
(N [ T 1]
1 [ T T T ]
[ [ I | ] THEN ]
. [ | [ T 1
CE T 1T 1 [ T ]
1 T T
[ [ T T 1 T 1]
C T 1T T [ T 1
T T 1 T 1
| T [ T T  THE
C T 1 [ [ T 1
l | [ T 1T T )
| TN 1 [ T 1
| I [ T 1T T )
T T 17 1T T 1
1 I I [ TN
C_ TN T I T 1 1
C T T [ [ T 1
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CONFUSING
UNDEMANDING
VERSATILE
UNDESIRABLE
TRUSTWORTHY
SIMPLE
HINDRANCE
WORTHLESS
ESSENTIAL
INCOMPLETE
UNNATURAL
DIFFICULT
SAFE
UNTIMELY
ACCEPTABLE
BURDENING
UNOBTRUSIVE
UNINFORMATIVE
DISTINCTIVE
UNRELIABLE
INACCURATE




Using the following descriptors, judge the TCAS LED command display and its
operational uses as you currently know them.

CLEAR
DEMANDING
LIMITED
DESIRABLE

UNTRUSTWORTHY

COMPLEX
ASSISTANCE
VALUABLE
NONESSENTIAL
COMPLETE
NATURAL
EASY
HAZARDOUS
TIMELY
UNACCEPTABLE
UNBURDENING
STARTLING
INFORMATIVE
INDISTINCTIVE
RELIABLE
ACCURATE

I T T T T 1]
CCT— e T 71T T
C T 1T 1 1T ]
—1 T T T ]
L1 [ T 1T 1T 1
C— T 1T 1T 71T 1T 1
C—T Tl T T T 7
| T T T T T )
C— T T I
[T T T T T 1]
C T T T T T 1
T T W T T ]
C— T T T T T 1
C_ T T 7 [ T 1
C_ T T T T [ ]
l T T Tl T T 3
| T T T T T 1
C T T T T 1T 1]
C T T 1T T T ]
1 i I N
| [ T T T T 1]

CONFUSING
UNDEMANDING
VERSATILE
UNDESIRABLE
TRUSTWORTHY
SIMPLE
HINDRANCE
WORTHLESS
ESSENTIAL
INCOMPLETE
UNNATURAL
DIFFICULT
SAFE
UNTIMELY
ACCEPTABLE
BURDENING
UNOBTRUSIVE
UNINFORMATIVE
DISTINCTIVE
UNRELIABLE
INACCURATE



Using the following descriptors, judge the TCAS voice command display and its
operational uses as you currently know them.

CLEAR
DEMANDING
LIMITED
DESIRABLE

UNTRUSTWORTHY

COMPLEX
ASSISTANCE
VALUABLE
NONESSENTIAL
COMPLETE
NATURAL
EASY
HAZARDOUS
TIMELY
UNACCEPTABLE
UNBURDENING
STARTLING
INFORMATIVE
INDISTINCTIVE
RELIABLE
ACCURATE

C T T 1 T 1
[ [ [T [ T 1
| I [T T 1T 1]
C T T ] | I
| [ [ T T T ]
l | 1 [ T ]
C— T T I 1T 1
L T T ] [ 1T 1
1 | N [
[ | [ T T T ]
C T T 7 |
[ [ T 17 17 T 1]
C_ T T T T T 1
| [ ] | [ T 1
I I [ T TN T
LT T ] | I
[ | [T | I
C T T 1 T 1
[ I [ T T T ]
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CONFUSING
UNDEMANDING
VERSATILE
UNDESIRABLE
TRUSTWORTHY
SIMPLE
HINDRANCE
WORTHLESS
ESSENTIAL
INCOMPLETE
UNNATURAL
DIFFICULT
SAFE
UNTIMELY
ACCEPTABLE
BURDENING
UNOBTRUSIVE
UNINFORMATIVE
DISTINCTIVE
UNRELIABLE

INACCURATE




Using the following descriptors, judge the TCAS tabular display and its
operational uses as you currently know them.

CLEAR
DEMANDING
LIMITED
DESIRABLE
UNTRUSTWORTHY

COMPLEX
ASSISTANCE
VALUABLE
NONESSENTIAL
COMPLETE
NATURAL
EASY
HAZARDOUS
TIMELY
UNACCEPTABLE
UNBURDENING
STARTLING
INFORMATIVE
INDISTINCTIVE
RELIABLE
ACCURATE

L | T T 1]
[ I BT 1 1
C.TT ] I
| [ T 1 ]
| | [T T T 1]
C— T T T 7 1]
| I [ T N T [
| ] [ T T T ]
1 [ ] [ 1T
C T T T T T 1
1 [ T 7 T ]
[ l [ T T T ]
( [ [ THE T T 1
| T T 1T T 1]
( I [T ] T
1 [ T T T )
[ [ [ [ EENT [ 1]
[ [ T T [ T 1]
[ I [ T T T 1]
| l [ N | | .
C T T [ T 1
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UNDEMANDING
VERSATILE
UNDESIRABLE
TRUSTWORTHY
SIMPLE

HINDRANCE
WORTHLESS

ESSENTIAL
INCOMPLETE
UNNATURAL
DIFFICULT
SAFE
UNTIMELY
ACCEPTABLE
BURDENING
UNOBTRUSIVE
UNINFORMATIVE
DISTINCTIVE
UNRELIABLE
INACCURATE






Using the following descriptors, judge the TCAS graphic (advanced)
display and its operational uses as you currently know them.

CLEAR
DEMANDING
LIMITED
DESIRABLE
UNTRUSTWORTHY
COMPLEX
ASSISTANCE
VALUABLE
NONESSENTIAL
COMPLETE
NATURAL
EASY
HAZARDOUS
TIMELY
UNACCEPTABLE
UNBURDENING
STARTLING
INFORMATIVE
INDISTINCTIVE
RELIABLE
ACCURATE

C—E 1T 1T 71T 71
C—_ T T T W T 1
C—T T T T T 1]
C— N 17 17 7T 17 1]
C— T T T T T ]
C— T T T " 1 ]
W T 1 T T ]
C N 1 1T 1T 71T
C T T T 17 T ]
C T T 17 T 11
C T T T T T 1]
T T 1T 1T T 1]
C T T T T T ]
C—_ T T 1 T T 1
C_ 1T T T T )
C T THE I [T 1]
1T T " 1 T ]
T T [ T T 7]
C_ T T T T
C__ T T T T 71 1
C THE I | |
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UNDEMANDING
VERSATILE
UNDESIRABLE
TRUSTWORTHY
SIMPLE
HINDRANCE
WORTHLESS
ESSENTIAL
INCOMPLETE
UNNATURAL
DIFFICULT
SAFE
UNTIMELY
ACCEPTABLE
BURDENING
UNOBTRUSIVE
UNINFORMATIVE
DISTINCTIVE
UNRELIABLE
INACCURATE



SYSTEM DISPLAY DESIGN

In the following space please desian the TCAS display(s) that you would put
into the flight deck. Design a command display for a conventional and one for
an electronic flight deck. Provided for your information are the alerts which
this display must present at a minimum. Along with your design please give
the location of the display in the instrument panel. Then desian the
information presentation that you would 1ike to see on the threat display.
Again please descrihe its location. Use the back side of the papers to

continue your disnlay description if you require more space.

In order to standardize the responses to this section of the questionnaire it
will be necessary to use the smae prescribed alert situations and the same

scenarios to illustrate your recommended threat/display relationship. We will
consider two situations, one requiring a vertical command and one requiring a

1imit command.
(1) Vertical Command

(a) Scenario: Own aircraft is straight and level at 30N kts at 15000
ft. Threat alert aircraft is coming from 10 o'clock position and is
initally 2000 ft below and 6 nmi away. This results in a closure
rate of 480 knots. The threat is climbing such that it will collide
which gives a climb rate of abhout 2600 fom. The total length of
time from start to potential collision is 45 seconds.

(b)Y Command: The vertical resolution advising command will he a climb

command with a desired 1/4 G pullup to 1000 fpm rate of climh.

(2} Limit Command

(a) Scenario: Own aircraft is straight and descending at 2000 fpm, 250
kts, passing 10000 ft. Threat aircraft is coming from 2 o'clock, it
is at your altitude and also descending at 2000 fpm. Again, you are
on collision trajectories, 45 seconds from impact. Assume a closure

rate of 200 kts which places you initially at 2.5 miles apart.
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(b) Command: Assume you are hoth TCAS equipped and received complemen-
tary commands. He is commanded to descend. Your command is to

Limit Descent to 500 fpm. The proposed maneuver would again be a
1/4 G pullup.
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THREAT DISPLAY

Description:
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CONVENTIONAL COMMAND DISPLAY

Description:



ELECTRONIC FLIGHT DECK COMMAND DISPLAY

Description:
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