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monitor concepts. Previous studies of crew alerting systems suggested the concept of a:
:flight status monitor{which could monitor a flight, alert the crew to abnormal opera-
.tions as well as aircraft system failures, and guide the crew through the appropriate
response-act1on procedures. \\Candidate concepts deveioped in Phase I will be refined
:and evaluated in Phase II.

iThe gnajor Phase I activitfes Feported include: :

1. Reviewing the results of Phase IV of the Aircraft Alerting System S: andardization ?
‘Study to identify the requirements for expanding the alerting system into an FSM.

QZ;‘ Developing preliminary FSM candidate corcepts and ident1fy1nq design issues relating
|t0 concept implementation,

:3. Performing a literature review to obtain data for answering design questi'ns

h. Developing realistic demonstration scenarios. based upon previous accidents/ { ;
incidents, to provide a mechanism for evaluating the candidate concepts, i

5. Implementing the FSM concepts and demonstration scenar1os in a “flight deck simu1ator
for concept demonstration/evaluation. -

i

- P
6. Conducting demonstrations and developing a questionnaire to so?1c1t pilot comments/'

opinions for refining the candidate concepts and to rovide data for resolving FSM
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'PREFACE

" This study is sponsored by the Federal Aviation Administration and is

directed toward the improvement of flight crew performdnce through the
development of standardized aircraft alerting systems for ‘crew alerting and
flight status monitoring. Previous studies suggested that a Flight Status

. Monitor {FSM) could monitor flight status for abnormal operations as well

as aircraft system failures and could guide the crew through the appro-
priate procedures for the situation. The objective'of this study'is to
develop and evaluate FSM concepts. Phase I, conducted between June 1983
and July 1984, consisted of developing candidate FSM concepts, while Phase
IT will consist of refining and evaluating those concepts. The study is
being conducted as a joint effort by the Boeing, Douglas, and dekheed
Afrcraft Companies. The primary purpose of this report is to summarize the
results of Phase 1 activities. ‘

'The authors: wish to express their appreciation for the assistance received
‘from their respect{ve engineering and safety organizations. The assistance

and guidance of Yayne D. Smith, the ".-ogram Manager and Boeing Flight

,Systems Research and PD Manager, was of great value. The efforts of the
rest of the Flight Systems in fabricating the simulation systen'was —

instrumental in the success of the project- The contract sponsor {s the
Federal Aviation Administration, and technica1 guidance was provided by

“John F. Hendrickson. APM-430. the Contract Monitor.

. vi{
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1.0 INTRODUCTICN

1.1 PROGRAM HISTORY

_The study of aircraft alerting systems and flight status monitor concepts

was initiated in 1973 when the Federal Aviation Administration (FAA) con-
tracted with Boeing to study indépendent altitude monitors. Follow-up
studies conducted during 1974 through 1977 investigated operational
philcsophies for implementing effective and reliable a1erting systems.
Study results indicated that there had been a significant increase in the
number of aierting signals used on newer commercial transports and very
1ittle standardization had been used by the airframe manufacturers in '
implementing a]erting system elements. Table 1.1-1 summarizes the major
activities accomplished during these studies.

The identification of these problems led to the Aircraft Alerting Systems

~Standardization Study contract. The contract was performed as a team

effort by the Boeing, Lockheed and McDonnell Douglas aircraft éompanies.
The study was to have been conducted in three phases_and culminate with the
development of design guidelines for improving and standardizing advanced

aircraft alerting systems. During the course of the study contract,

interest was developed within the FAA in expanding the requirements of the
alerting system to monitor flight status and facilitate crew responses to
abnormal and emergency situations. A contract modification was made to add

- a fourth phase to review accident histories and the cockpit environment to
»determine concept feasibility of a Flight Status Monitor (FSM).

“Table 1.1-2 1ists the major activities conducted under the Aircraft Alert-

ing Systems Standardization Study..




Table 1.1-1 Early Alerting System Studies — Contract DOT-FA73WA-3233

r Development of an Indaponﬁem aititud . Collation and analysis
Title indepandent aititude monitor &.w.™ ™~ .0ds or aircraft alenmg
(Report No.} monitor concept and modes study «ystems d
(FAA-RD-73- 168) (FAA-RD-75-86) (FAA RD-76- 2221
Objectives [ ] ldontiﬂ' nature of typical ® Develop operational alert ® Tabulate current werting
inadvertent terrain impact philosophy and concepts methoas and roquirements
accident scenarios @ Demonstrate and refine for all cockpit alerting
€ Identify techniques whereby salected indopendant aititude functions
inadvertent te:rain impact monitor alerting methods , ® Deavalop method for
.. accidents might be reduced ® Develop indsperdent altitude prioritizing alertisig
@ Identify tunctional elements monitor implementation plan functions
- of an independent altitude @ Prioritize slerting funcuons
monitor concept @ Correlate requireme.its with
@ |dentify methods of prioritized functions and
implgmoming independent note conilicts
monitor systems ©® Broaden stimuli-response
! data base
@ Define tests for acquiring
stimuli-response data not
availabia in literature but
required for cesigning
alerting systems
® Provide recominendations for
standardization of alerting
functions and methods
Period e S Tars June 1974 to July 1975 | e 1976 to May 1977
. ’ Table 1.1-2 Aircraft Alerting Systems Standardization Study —
, Contract DOT-FA79WA 4268
Phase | Phase | Phase it Phase IV
Title Defire prototype Plan tests for Evaluate prototype Accident implication
{Report No.) alerting system prototype alarting alomng svstom for system design
e concepts system concept (DOT/FAA/RD- 82 26)
(FAA-RD- 80-68] evaluations (FAA- RD 81 38 1& 1)

Objectives @ Acquire missing stimuli- | @ Select simulat.un facility | ® Develop brassboard @ Analyze aircraft accident
response data via ® Develop test plan hardware for sclected and incident data
appropriate simulator ® Coordinate m plan alerting system concepts | ¢ En_mim the cockpit
tosts ) with FAA ® Pesform comparstive environment

[ J D'ﬁ"ﬂ‘.miﬂg system B simuistor mmﬂ of [ Dmbp m‘nd“
concapts selacted concepts sierting system design

@ Asses physical chnntor- ® Finalize design guide- concepts
istics of each concept lines for standardized @ identify functional

® Assass implementation - alerting system companents for a FPSM
feasibility of each @ Assess cartification
concept impsct

©® Select alerting systam K
concapts for . :
comparative . : . ) .
evaluation : .

Poriod January 1979 to Mavember 1979 to February 1980 to Juiy 1987 1o
’ November 1979 February 1980 November 1980 June 1982
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The Phase IV study showed the feasibility of the concept of.expanding the
functions of the alerting system to perform as a flight status monitor. A
function of the FSM is to monitor and alert the crew to abnormal flight
operations as well as abnormal. system operation; Functional requirements
for the FSM were developed'on the assumption that, by providing the crew
with guidance and feedback in their response to abnormal situations “their
perfornance cou\d be improved. '

Phase 1V resulted in the identification of ihe component functions that
might be‘uaed'to expand'an alerting system into a flight status monitor.
Specificaliy, the following additional“capabilities'are necessary for an
alerting :ystem to function as an FSM: -

o Expanded Sensing - To provide additional sources of status data
{e.g., Tow acceieration, wind shear, tire/wheel failure,
. navigation).

* 0 More Complex Information Processing - To prov‘de additional compu-
tational anl data handling capabilities to consider such features
as flight phase adaptation, predictive and multiple alerts, and
integrated checklists.

o Sys Interfacin - To carry out data exchange between the FSM and
o%ﬁc* data handTing systeas such as flight management, performance
management, fli?ht control, sensor subsystems, navigation, communi -
cations, and maintenance data recordings. !

o Displaying - To provide the crew with detailed guidance information
. Yo gac¥Tigate the response to alerts and feedback atter the ,
response has taken place.

o Controllin - To provide crews with the capabiiity to interact with
: TBE“FSRT'Jl, : :

1.2 PRESENT STUDY

The objective of the present study 1s to develop and evaluate alternate FSM
concepts for providing crew guidance and feedback to facilitate crew and
‘systen effectiveness. This effort wili be acconp]ished in two phases.

The najor Phase 1 actdvities have 1ncluded'

. .
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1. Reviewing the results of Phase 1V of the Aircraff A1ert1ng System
Standardization Study and other relevant data sources to identify
the requirements for expanding the alerting system into an FSM.

2e Deve‘ooing preliminary FSM candidate concepts and identifying
design issues relating to concept implementation.

3. .Performing a literature review to obtain data for answering the
design questions generated by the team.

4. Developing realistic demonstration scenarivs, based upon previous

accidents/incidents, to provide a mechanism for evaluatinv the
candidate concepts.

5. Implementing the FSM concepts and demonstration scenarios in a
flight deck simulator for concept demonstration/evaluation.

6. 'Conducting demonstraiions and developing a questionnaire to soli-

cit pilot comments/opinions for refining the candidate concepts
and to provide data for resolving FSM implementation issues.

In Phase 11, a simulator suite will be developed to evaluate the utility of

_the refined concept(s). Line qualified‘pilots will "fly* a simulator in

sredefined scenarios and be exposed to a number of different atnormal and.

" emergency conditions.

1.3 REPORT ORGANIZATION

Section 2 of this report describes the procedure used tc develop and refine
the preliminary FSM concepts. Scenarios develcped to demonstrate FSM

- concepts are presented fn Section 3. Section 4 describes the objectives,

procedures, faciiities, and results of the FSM demonstrations.' Section 5
summarizes the Phase 1 accomplisnments and orovides recommendotions for '
futyre FSM activities. Appendix A contains details of the literature

- review studies. while Appendix 8 chows the quesfionnaire unich will be .used

tc collect pi\ot opinion data.
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2.0 - CONCEPT DEVELOPMENT

2.1 PHASE IV CONCEPT OF THE FSM

The Phase IV study suggested that the alerfing system should monitor flight
status for abnormal operations as well as mechanical failures end that the
system should guide the crew through the appropriate procedures for the’
situation. This findipg supported an earTy'program assumption that the
basic functions of a crew alerting system should include: ' '

Alert (Attention-Getting).
Inform (ldentify the Problem).
Guide Crew Action.

Provide Feedback.

The res.lts also 1nd1cated that it would be feasible to expand the alerting
system, as described in the guidelines (Berson, Po-Chedley, Boucek, Hanson, '
Leffler and Wasson, 1981), to provide an FSM capabflity. Phase IV objec-
tives for the FSM included requirements for

0 Flight Phase Adagtation - The Phase 1V acrident survey shcwed that
60 percent of the accidents occurred during takeoff, final ap-
proach, and landing. These critical flight phases are character-
1zed by incressed crew activity and coordination. The flight crew
should be protected from distractions from the piloting tasks dur-
ing these flight phases. Flight phase must be taken into account
when determining alerting requirements. Alert prioritization and.
inhibition schemes should be considered fn FSM design.

0 Multiple Alert Capability - The survey showed that 1n 73 percent
of the accidents/incidents reviewed there were multiple causal
factors. It is unknown how many of the multiple factors occurred
simul taneously; the accident histories report very few occasions .
where alerting devices were ac\'vated. . However, it is assumed

- that there can be faflures precipitated by multiple and unrelated
failures over a short period of time. When these alerts are
presented to the crew in the form of multiple and simultaneous
alarms, crew workload csn significantly increase. The system
should be able to quickly and reliably determine the relative.

. criticality of the alerts and display them to the crew for their
response.

o Guidance and Feedback - The FSM snould be capable of facilitatihg
the compTetion of the appropriate procedura) steps 1n response to
alerts. The accidert survey showed that. : : .

/' ! B _5.
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0 19 percent of .all accidents were caused primarily by crew
error involving failure to follow approved procedures

0 11 percent of all accidents caused primarily by crew error
involved pilots taking the wrong action or taking no action
when one was required

0 6 percent involved misunderstcod instructions

2.2 REFINEMENT OF PHASE IV ZONCEPTS

In developing the aiternative FSM design requirements, current commercial
transport aircraft procedures such as described in the THAaFlight Handbook
for the 767 were reviewed. In general; current alert resolution procedures
consist of cancelling the master warning/ caution indicator; performing the
memory items (i.e., those actions requiring immediate attention for a '
waéning alert), searching for and reading the abnormal procedure on the
checklist cards, performing the procedure, and, when time is available,
checking the flight manual for secondary procedures and information rela-
tive to the emergency. Each procedure in the checklist and flight manual
is prefaced by the failure. The first part of the procedure 1ists the
actions necessary to contain or correct the abnofmal situation. The second
part reviews fligrt plan information, and, if required, special tasks for
configuring the ajrcraft for landing.

Based on the review and Phase IV results, the study team cohcluded that the
following information could aid the crew in responding to alerts:

0 Procedures - Sten-by-step 1istings of the acttons required to -
resolve the alerting situation. These are currently provided by a
combination of crew memory {tems 'and procedures contained on
checklist cards and amplification in flight manuals.

o System Configuration - Representation of the operation and func-
tion of atrcraft subsystems (e.g., hydraulic, electric). Present-
1y this information is currently either remembered by the pilot
or described in the operations manual.

o Failed-System Status -'Representation of the impact nf faulted
subsystems with Tndications of the failed components. : is in-
formation is presently contained on the systems panels.

- 6

‘.;_




o Aircraft Status - Representation of the impact of faulted systems
on the operational Timits and aircraft flying qualities. This
information is either described in the operations manual, flight
manual, or remembered by the crew.

o Information - Information pertaining to the alerting situation
which is relevant to the remainder of the flight (e.g., plan for a
20° flap landing). This information is currently contained in the
checklist cards and the flignt manual.

The study team proposed that the above information couid be presented on
. two multi-function color displays: '

1. A procedures diiplay, providing step-by-step action items for
resolving alerting situations. .

2. A status display providing aircraft status (inctuding the impact
of faults on aircraft operating conditions, limits, and flying
qua11ties), system status, and pertinent information.

-~ e r
c.l ST

e

, It was assumed that these two displays should have bcth graphic and alpha-
numeric capabilities, and that they could accomplish all of the FSM func-
tional design requirements identified previously.

— e
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2.2.1 FSM Design Issues

During concept development, various design issues were identified which
require additional research and evaluation. These issues include proce-
‘dures and status display content, format, method of 1nformation'cpding,‘and
symboloéy design. Other issues 1n§o\ve crew interactions with the FSM dis-
piays, mechanisms for performing procedural action items, and mechanisms .

~ for implementing alert prioritization, inhibition, and flight phase adapta-
tion schemes.

« v v e
bt e

2.2.1.14'Procedures Display Deéign'!ssues |

»Conceptuel formats for the procedures diepley include word checklists, word
descriptions, and task flow diagrams. .The symbol or character design
issues, f.e., resolution, brightness contrast, character size, and font
+ etc., are covered by basic human engineering practices in the destgn of
_ ' _ . R
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electronic displays. The procedures display developed, assumes eicapabf- -

lity to:
alerting
failures,
response.
include:

1.

2.

_40

5.

9,
10.

11.

(1) provide step-by-step procedural information for resolving
situations, (2) integrate procedures for handling multiple

and (3) provide feedhack as to the adequacy of the crew's ‘

The primary design issues in implementing these capabi]1t1es k

Information Content - Should memory items, abnormal procedures, o

advisory information, or normal check\1sts be presented’ _

Presentation Format - Should - alphanumerdc listings, task flow

diagrains, voice messages, or combinations of the above be pre-
sented?

Coding Dimensfons - What dimensions should be used for coding

information: c)lor, size, shape, brightness, etc.?

Number of Action Items to Display - How many action {tems should

appear on one page: . one (present action), three (past, present
and next actions), or a full page of 1tems’

Szntax - What type of syntax should be used to present proredural
rmation?

Duplication of Procedures - Should the procedures look the same as
the procedures in tne fTTght operations manual?

- Abbreviations - When and how should abbreviations be used? -

Branching Statements - How should branching be handled for poth
interact{ve and non-interactive procedures? _

Multipie Alerts - How should multiple alerts be handled, if- alerts
are of the same or different alert \eve]s?

Noncompleted Actions - Should the crew be allowed to skip steps
and how should .the noncompleted steps be indicated?

Procedures Completion - What should happen_to the procedures
dispiay after the alert resolution procedures have been completed?
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2.2.1.2 Status Display Design Issues

As.discussed previousliy, stétus information may aid the crew in correoting
a fault and assist them in identifying changes in the aircraft's operation;
al limits.' The following types of status information could be presented:

.1.
2.

3.

Yarious
cluding
sages.

A display of the failed system to identify the fault.

A display of the system wherein the procedural steps'are being
performed to obtain feedback on crew and system actions.

Aircraft status to 1nd1cate changes in operational 11mits and
flight status.

format concepts for the status displays ﬁavg been suggested, in-
alphanumerio 1ists, pictorial system schematics, and voice mes-

As in the design of the procedures display, basic human engineering

deéign principles need to be applied, with special attention to the simpli-
fication of pictorial information and the use of the coding dimensions.
Status display design issues fnclude. ‘

1.

2.

3.

‘Information Content - Is aircraft status information réquired for

the crew to resolve alerting situations? What type of information

should be provided: failed systems, operational limits, or other
information? How mucir information should be presented: the
faulted portion of the system or the entire system?  Should quan-
titative information be presented and if so, by numerics,
graphics, or doth? : .

Type of Format - Should status informatfon be presented pictorial-
1y such as by schematics, alphanumeric 1ists, voice messages. or
any combination of the three?

Information Codfng - Hhat disp]ay dimensions should be used for
1nTorma€1on coding, such as color, shape, brightness, and shadjng?

When to Present Status Display - Should status {nformation be
presented during alert resolution, after alert resolution, or at
any time desired by the crew?
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5. System Panel Similarity - if system overhead pdnelsrare used and

6.

subsystem status information is presented on the status display,
how closely should the status information resemble the information
on the overhead panel? '

Level of Detail - How much detail should be provided? Should data
be presented Trom a detailed levei to a general level, or vice
versa? :

2.2.1.3 Crew Interaction Issues

The main crew interaction issue involves the amount of automation provided
by the FSM. The following levels of automation were identified:

1.

2.

Manual - Crew is required to manipulate the FSM displays and to

.perform the corrective actions manually.

System Aided - Some FSM system operation is automated. Crew
Tnteraction with the aircraft systems is through the FSM system.
The crew interacts with the system by the use of multifunction

interactive devices, such as multifunction keyboards, touch panels

or voice actuation.

Autonatic - Crew interaction is minimal. Crew is only required to
Tnitiate system reconfiguration, and the FSM performs the control
actions. ‘ ,

There are two categories of crew interaction associated with the FSM: (1)

- control of the FSM displays, and (2) control of the aircraft systems as-
- sociated with the FSM procedures. The following design issues were devel-

oped with regard to these types of interactions:

1.

2.

3.

Method of Display Control - Should the FSM displays be called up
manually or automatically? Should call up depend upon the alert
level or the type of information, i.e., procedures or status?

Type of FSM Display Control - Should 1ine select keys, a multi-
Tunction Keyboard, a touch panel, or a dedicated keyboard be used
to control the FSM displays? Should voice control be a primary
mode of control or only be used as a backup? °

Method of Aircraft’System Control - Should piiot-aircraft'system

nteraction be performed manually via dedicated system panels
(1.e., the overhead panel), system-aided where the interface is

10 .
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through the FSM system, or automatic? If automatic, should the
crew be capable of stopping a procedure or reconfiguring the
system after the automatic reconfiguration occurs?

4, pre of Aircraft System Control - What device should be used for
FSM crew interaction; a multifunction keyboard, a touch panel or '
voice actuation? Should a2 muttifunction keyboard be arranged by
_the sequence of events or dy the structure of the subsystem? With
a touch panel, should control be via a softkey {software control-
led function) adjacent to the procedure, a softkey next to the
ﬁompogent on the system schematic, or by a component symbol

tsel f?

2.2.2 Literature Review Summary-

As previcusly mentioned, -the preliminary FSM concepts proposed two multi-
function displays, one. to show procedura] action items and one to provide
status reports. Crew interaction devices include line address keys, touch
panels, dedicated keyboards, and voice input systems emerging as potentia1
FSM candidates. In addition, numerous Guesticns were. identified relating
to the design and implementation of these displays and interactive devices.
Therefore, a review of the published literature was conducted *+- obtain’
data for resolving these design questions. Comparisons of dirferent

- display and centrol formats werg sought. Although many descriptions'of
“checklist- and “schematic diagram®- type displays were found, no compari-

son studies or “"hard" 'empirical data could be located. The studies de-
scribed then do not present statistical results to support or refute the
use of any speciffc mechanism; instead,- they present display and control
formats as designed by professionals according to unique sets of require-
ments. Among systems currently reported 1n the literature, no standardiza-
tion exists..

With the exception oflone souroe, all articles described checklist and
schematic presentation formats at part of an integrated system. An inte-
grated system is one where displays and controls are designed simultan-

_eously and are 1ncorporated into a complete, interactive system. Thus, one

1.
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would not discuss a portion of an integrated system as an independent unit,
but would instead refer to all units as a total system.

Therefore, the literature found on integrated systems will be described ,
first, followed by a review of articles which discuss schematic diagrams,
then information pertaining to touch panels and voice input/output systems
will be given. Appendix A contains details of system desfgns, when such
details were provided by the authors.

2.2.2.1 Intégrated Systems

In a discussion of flight displays for the néxt generation aircraft, Dunn
(1976) suggested using checklists with logic routines, where sensed fail-
ures could lead to the automatic display of appropriate checklist proce-
dures. He also suggested that automated checklists could improve crew
efficiency and pérformance effectiveness. Howaver, Dunn emphasfzed that
research shou]d be conducted to determine the best method of implementa-
tion. '

Wasson and‘Archer‘(1981) examined how advances in technology (such as touch
panels and voice input) could affect Lockheed's 1990's flight station. The
authors recommended an integrated displav and control system for future

~aircraft, wheré'ong display is capable of showing schematic system diagrams A

and presenting chgck]ists with operator interaction via a touch panel.

. They mentioned voice input as another crew 1nterface nodality} Applying

‘voice input would ‘free the eyes and hands for other tasks, but voice input

should not be used for all control tasks. Safeguards should be employed to
prevent accidental activation through normal. cockpit conversation. : Poten- .

tial applications of voice systems include accessing -information (f.e.,
checklists) and enter1ng data.

Gartner and Holzhausen (1979) described a Touch Input Control Device to be
used as part of an integrated cockpit display and control system. The
authors suggested'that disptays and controls for seieral airborne systems
could be combined into one space and located in the pilot's primary field




of view. They alsc recommended a md1tifunction'disp1ay‘for’future air-
craft, where several types of information could be presented (such as
checklist: 2rG system schematics). Touch panels would be used to control
the display df ithese items. The authors presented an example of an Inte-
grated Flight Management System containihg'seVéraI components, including
computer confroi!ed checklist procedureé. To accéss the checklist and.
perform the necessary procedure, the operator chooses desired functions via
a series of functional task selection keypads presented on the screen -in
sequential {hierarchical) order. Details of -this process are presented in
Appendix A. B : '

Streeter, Weber, and Opittek (1973) conducted the "Master Monitor Display
Study". An integrated display cystem was devised which contained warning
and caution information, mode advisory'data, functional faflure informa-
tion, and auxiliafy data all presented on the same disblay surface. In
"addition to the general categories mentioned above, checklist procedures
from the F-14A aircraft were presented,.IOne dispIdy-format.was'selected
which could accommodate both qdantitati#e and qdalitative data. Six data
levels were presented ranging from system status data to fault-correction
procedures (checklists). The progression through data levels (as desciribed
in Appendix A) was accomplished either manually or automatically. Sche-’
matic diagrams were presented at the SUBSYSTEM level. indicating both
normal and faulted conditions. Check\ist procedures were presented at the
PROCEDURAL Tevel (the most detailed of the six levels). Figure 2.2.2.1-1
shows a checklist procedure. o ' '

The authors .did not seé any functional dti11ty*of scheﬁatic breéentations,
so this mode was not discussed in much detail. It was stated that such a
presentation may help higth skilled pilots explore alternative methods to -
correct a malfunction. Schematic diagrams were demonstrated ‘only to show
the display system's capab\lity.




OuTBOARD SPOILERS

FLUDLEVEL o
PRESSURE | o
PROCEDURE '

1.LAND ASAP |
2. QOUTBOARD SPOILER OFF
USE GND CK PANELSW -

INOP EQUIP: |

 OUTBOARD SPOILERS
 FLAP/SLAT BACK-UP

DLC/ACL

 OTHER SYSTEMS - NORMAL

. Figure 22.3.1-1 Sample Checkiist Procedure (Streeter, Weber, and Opittek, 1973)
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Perhaps the most comprehensive design of checklist and schematic presenta-
tion formats was undertaken by Sexton (1983), in an effort to describe a

. conceptual design for a 1990's transport aircraft. Several topics were

discussed by Sexton, including symbology and symbol logic of schematic
diagrams. The major coding requirement for symbology was the need for
consistency, especially with related formats such as functional systems

formats. Figure 2.2.2.1-2 demonstrates some examples of the symbo]ogy used

on functional systems formats. Symbology, symbol logic and color coding
interact in several cases. ' ' -

Several requirements were also'listed for voice -ommand and response.
Basically, Sexton noted that voice input could be used to call up informa-
tion such as checklist procedures; vdice output (or synthesis) could be
used to autcmatically convey time-critical messages, or to read warning,
caution, and advisory messages on demand. Checklist item compietion could '
require use of voice input and checklist readout could require voice out-

put.

Touch panel technology may be used for checklist item completion and switch
function control on system schematics. Touch switches were also used for

' PAGE, STORE and RECALL functions for caution and advisory level alerts.
" Checklist operation for both normal and abno al procedures is presented in

Appendix A.

‘The only operationa1‘a1rcraft thut giouvides heckliéts on eIectronié dis-

plays is the A310, which has the Elec;ronic ntralized Aircraft Moni tor »
(ECAM). The ECAM provides the crew with checklist and status information

“for both normal and abnormal flight situations. The 1nformatfon is pre-

sented on ‘two centrally located CRT displays,| by means of aly’ meric
messages and sysitem synoptics (generalized schematics of aircraft systems).
A control panel s provided for clearing the display, cailing up status
information.'recalling'a procedure, and selecting system synoptics. A
conventional annunciator panel {s used. Aircraft system controls are
located on the overhead panel. Thus, the ECAIeis a display system which

uses CRTs for the presentation of procedural ssages and status
: S 15 - o




IR N B

[ R )

Ny £ 7 ¢ 7

a8 ¢ summm ' 0

T — 8

-t

OFF

INDICATORV TOUCH PA.NElj SWITCH '.
PRIMARY SOURCE SECOI;!DARY SOURCE
OR SWITCH OFF
OR SWrrcrf ON
FAILED OFF |

Figure 2.2.2.1-2 Example Functional System Symbobgy {Soxtun, 1983)
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information, in addition to the conventional annunciétion and control
devices. Appendix A contains a description of ECAM operaticn.

In an unpublished report, Boeing documented empirical and subjective data from
an evaluation of an Advanced Systéms Monitor (ASM) conducted in 1975. The ASM
was proposed to be a versatile method of acquiring, managing, and displaying
information concerning the status of aircraft operating systems. For the
test, the conventional dial type engine and propulsion instruments were '
removed from the center instrument pane! of a 737 simulator and replaced with
two side-by-side CRTs which displayed the required systems data. A control-.
display unit was used to (1) displéy the status of the various aircraft
K systems, (2) manually select the system format 6r'check]ist to be displayed on
the CRT, (3) insert flight data information for computation and display,
(4)'perform item-bj-item checklist accomplishment and, (5) remove unnceded
displays from the CRT. Each CRT was divided into upper and lower display
. sections. For normal operations the captain‘s CRT upper-half showed engine
data; the first officer's upper-half shuwed systems information. The
Tower-half of each CRT could be used to manually display system formats or
checklists at the crew's discretion or for automatic emeréency checklist
_ display. The report concluded that, overall, the ASM improved cockpit
operations. The improvements were primarily associated with checklist - .
.utilizations. Since the improvements were small and primariiy'attributable to
this one feature of the ASM, it remained questionable whether a “full blown”
ASM was justiffable in new aircraft or whether just certain elements, such as .
* semi-automated checklists, should be implemented. ' '

" Gallon and Currin, 1984 developed a Multtfunctiqnlofsplay (MFD) .System for -
future commercial transport aircraft.’' The MFD presents engine parameters, ]
‘alert 1ists, abnormal procedures, aircraft 1imitations; system schematics .
associated with the procedures, and normal flight phase information.

Alternative designs for a CRT display system were evaluated. The recom-
mended configuration uses two 8" x 8" CRTs arranged side by side (see
- Figure 2.2,2.1-3). These displays are driven by the flight warning

17
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computer. and have an associated control panel. System control and 1imited
system status information is provided by the overhead panel. A warning
annunciator panel is provided in case of MFD failure. ‘During normal opera-
tton, the left CRT displays the primary engine parameters in analog form
and the secondary parameters digitally. The right display provides a
‘dedicated area for alerts, a listing of temporarily used memo functions,
andvflight'phase fnformation. There are five f1ight phase formats, which

- contain a mixture of alphanumerics and pictorial information.

';jAn example of the cruise flight phase is shown in Figure 2.2.2.1- 4. A
description of MFD operation is provided 1n Appendix A.

”;v2.2.2.2 Schematic Diagrams

'-Summers and Erickson (1982) developed design principles and gu}de11nes for
" a multiformat electronic display system which would be used to monitor and
"-»manage aircraft systems. The intent was to identify crew actions and

- information requirements via a systems engineering approach. A model of

the crew functions for normal and abnormal operations of the aircraft
system§ was developed. Task flow diagrams of the crew functions were
derived using the model. From these task flow diagrams, the information

ENADAPE

~

»

- requirenients to perform the functions were identified. The information was
v .-categorized into the following cléSSts-
L ’ s
;j- 1) Identifiers - The 1dent1ty and the location of a component or a
L con ro . S
p f’ 2) Descriptors.7.The description pf-a-conppnent or a system.
,Ef ' 3)' Status - The present status of a component or a system.
.{jl ~ 4) ‘Instructions - The’ actions. required by the crew- to manage the
f; 'The-authors suggested two formats for presenting the information to the
:“ crew: 3 pictor1al format (such as a system schematic). or by written text. -
p The pictorial format was a representation of a system schematic with a list

t!- : of action verbs and arrows 1ndicatin9 the site of the actions. The written
R I L . 19° - _ ' - }
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"text format 11ited the instructions by the action and the location of the -

action. The :iatus of the component was listed by an identifier and the
state of the component. In both formats color coding was used to indicate
fault level: red for warnings, amber for cautions, cyan for advisories,
and green for aormal conditions. Three alternatives were given for sysfem
control: (1) dedicated system control panels, (2) a multifunction system
control panel, and (3) a touch panel that would overlay the system 1nforma-
tion display. The authors proposed an empirical evaluation of these con-

| cepts by flight simulation with both normal and abnorma1 flight scenarios..

To date, these evaluations have not been completed.

2.2.2.3° Touch Panel Systems

Gartner and Holzhauzen (1979) listed the following ergonomic prnblems and
areas =7 improvement associated with the use of touch panels:

Ergonomi¢ Problems

0 Virtual switch size

0 Distance between virtual
switches

0 Number and arrangement of
. switches for various

applications

) Switch shape

0 Switcm color

0| Type of feedback

o| Menu-hierarchy structuring

Areas for Improvement

21

-Improved operator training
and feedback necessary

Unexpected delays in syétem
acknowledgement may lead to
frustration

Distance, angle, bright-
ness, and contrast must be
alterable under different
1ighting conditions

Problems may exist with’
.integrating touch panels
"into the existing system

,More work 1s needed on the
menu-hierarchy progression
of prompting sequences on
the display.



A

'l. L)

- Advantages
VInput/oUtput in one

R  1ocat1on

Fast détaventry and control
for certain tasks

Minimal amount training
required

| Only valid options

‘ava11ab1e

_'High oper&tor acceptance
-Immediéte feedback

“Symbolic/graphical
" representation

Minimal operator memori-
“;ation required

Minimal eye-hand co-
ordination

Pfauth and Priest (1981) presentéd a'comprehensive report on touch panel °
technologies, where they listed the following advantages and disadvantages:

Disadvantages

'Iﬁ1t1a1 cost

Increased programming time

Need keyboard for some
types of input'

Parallax problem affectihg
touch locations

Glare
Faflgue
Finger/arm visually

blocking other control-
display areas

" New méthod required for

programming interface
software ,

Pfauth and'Priest also mentioned that touch screen devices are generally

. used for gross resolution tasks. The technology.exists to implement these

devices for fine resolution applications, but to date no one has studied

the possibilities. In aircraft applications, vibration is an important
element in the design of a touch panel system. Several factors were deemed .
important by Pfauth and Priest in the acceptance'of a touch system, the
host.pert1nent being the acceptance of such a system in high stress
environments. Some design considerations are 1isted in Abbendix’A.

Colorgraphics and touch panéi»overlayé were ihe topic of a paper by .
Conquest (1983) with regard to Automatic Test Equipment (ATE). Conquest
developed a model. to assess several aspects of the system 1nc1ud1ng:  human

22
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factors concepts, system components, touch panel concepts and applica- .
tions. Personnel of various skill levels used the model to provide feed-
back on the usability of this particular type of interface. Conquest men-
tfoned that a colorgraphic display could be understood faster than a;
conventional monochromatic/alphanumeric display. He also listed two advan-
tages to using a touch panel overlay with such a display: (1) operator _
error rate is lowered because the system would be able to understand inputs
more easily (only acceptable inputs would be available), and (2) a Tower
operator skill level would be required for ccmplex tasks (graphics would be
easy to decipher). : '

Under “Human Factors Concepts,” the layout of display items was discussed.
Dedicated areas were provided for cmmnends,'graphics;vand for "softkeys",
touch control keys which can be re-programmed for various applications.
The only softkeys not included in the dedicated control area were those
used for station mode changes. ‘

_Syscem cemponants include size and resolution of the display, and overlay

type. To meet high resolution touch panel requirements, Conquest stated
that a fransparent resistive CRT overlay should be used. Other tech-
nologies (such as capacitive and infrared) cannot reach the resolution
accuracy provided by the resis;iVe touch panel. Howevec, there are some

-disadvantages to using a resistive t. .24 panel. Because of the resistive

substrate, the panel blocks 'a portion of the CRT light output. Also, the
extra surface adds to the reflection of incident. light, therefore special
considerations need to be made when designing a system for use in widely

varying 1ight1ng conditions (such as'aircraft cockp'ts)

The softkey concept was the primary touch panel concept described. The
s{ze and placement of the keys on the disp\ay is constant, only the func-
tionality varies. There are two advantages to such a system: (1) the

 softkeys remain in the same area on the screen (consistency of placement), '

and (2) softkeys can be easily programmed for various applications. Some
critical factors exist with respect to the design of a softkey concept.
One is the alignment of the panel re;gonses with the display area. After a

\
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functional change has been made to a softkey, it is imperative that only
the appropriate key locations be operational, meaning that a valid key
should provide the desired system response, and an invalid key should be
ignored. Another factor to con;ider is size of the keys, as well as spac-
ing between keys. Amount of space consumed by each. key must be weighed
against the ease of hitting a displayed kay. The parallax problem encoun-
tered with some types of touch panels is also mentioned as.a factor. Feed-

- back 1s another important concept, with a burst of audio being the recom-

mended feedback after touching a valid softkey.

Several applications of colorgraphics and touch paﬁels are discussed by
Conquest. such as:

1. The operator can be led through a set of decision poin*s graphi-
- cally when testing a faulted unit.

2. The interface can display graphically what to adjust or look for
on the unit under test. '

3. A fault can be isolated via a graphic representation or the unit
under test.

In his conclusion, Conquest summarizes the advantages of the softkey con-
cept; lower error rates, lower skill level required "natural” data fnput

by use of the finger, elimination of confusing keyboards, and versatility
in applications. :

2.2.2.4 Voice Input Systems

In a 1983 repo?t; Steiner, Burkhart, and Berson discussed Automatic Speéch
Technology (AST), a combination of word recognition and speech synthesis.

" They compiled the following 1ist of advantages and dfsadvantages:

Advantages , » Disadvantages
"o Natural form of communica- o Reliability questionable
tion - requires 11tt1e ; with environmental noise
training. : : and vibration. -
2
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Advantages (Cont.) : Disadvantages (Cont.)

0 Faster and more accurate o Voice input error detection
.. than keyboard data entry and correction "not fully
when eyes and hands are ' defined”. A

busy. -
0 Freedem of movement given o Correcting recognition
to operator. errors may lead to other
errors which in turn may be
0 Simultaneous communication frustrating.
possible with machines and , :
other humans. " 0 Necessity to pause tetween
: utterances can cause
0 Serves as form of identi- frustration.
fication.
: 0 Messages could interfere
0 Increased communication with other operations
capability may be useful in (i.e., radio).

time-critical situations.
' o Inter-individual and intra-
individual differences
could affect recognition
system operability.

o Limited vocabulary avaiI-
able.

) Large storage facility
necessary for 1arge
vocabulary. -

o Keyboard data entry faster
for simple tasks.

0 For speech synthesis rate
of receiving auditory
messages slower than
receiving visual messages.

Steiner, Burkrart, and Berson concluded that systems which require complex

and simultaneous tasks could benefit from AST; thus, voice technology would .

be a viable mechanism to provide guidance and feedback during an emergency
situation.

o Simpson (1982) found that speech input/output controls can reduce heli-

copter pilots' workload during mis;iggs where the syes and hands are busy.
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Costet {1982) studied single seat fighter aircraft. During simulator
tests, a synthesized voice using a vocabulary of approximately 60 words was
used to describe manual controls. This allowed a comparison between manual
and vocal controls. It was discovered that: (1) voice input/output re-
duced pilot workload and resulted in a time savings, (2) practice with the
system improved recognition accuracy to 95%, and (3) an ON/OFF microphone
switch was necessary to distinguish the voice 1nput/output commands from
ambient noise.

Steiner, Burkhart, and Berson compared visual vs. voice vs. a combination
of visual and voice feedback during a simulated voice activated weopon
launch sequence. To insure that subjeots attended to the feedback, incor-
rect feedback was presented approximately one-third of the time, and sub-
jects were instructed to say "CANCEL" at such a time. Visual stimuli
‘(prompts) were presented on a terminal, and the visual fegdback (when

. presented) appeared next to the prompts. The basic results'of'their study

were:
1. Reaction time was lower with a combination of visual and vocal .
feedback, as opposed to efther visual or vocal feedback alone.

2. Number of errors was also lessened with both visuaI and vocal
feedback.

‘The authors concluded that both auditory and visual feedback should be

provided to enable the operator to select feedback modality based upon |
present operational demanda. :

In conclusion, 1t appears that vofce 1nput/output is an appropriate guid-
ance and feedback tool in complex situations (such as aircraft emergen-

cles). Consideration would have to be taken, though, in the‘implementationj'

of the system, such as the addition of a voice control switch to lessen the
possibility that ambient noise would interfere with message transmission
and receipt. '
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2.2.2.5 Conciusion o : A .

It was hoped that the literature review would provide some insight on the
utility of various concepts. As can be seen, no studies were published -
where impiementation methods had been compared, and no standardization
exists among system designs. Since no empirical results are available, the
studies discussed above, in conjunction with the results from the demon-
strations and results of the questionnaire, will be used to refine the FSM
corcepts early in Phase II. '

2.3 FSM DISPLAY AND CONTROL ELEMENTS

. ]
Based upon the workshop sessions, the,H'teratlire revieh, and a preliminary r
demonstration, the study team identified alternative concepts for demon-
stiation. Four of these concepts use the same display formats, but differ g
in’'the method of display and system control. A fifth concept uses a dis- -
pray scratchpad with a programmatle multifunction keyboard, and another '
concept is an automatic reconfiguration of the system. A synopsis of the
features of these candidate concepts is presented in Table 2.3-1. The dis-
play and control elements of these concepts are summarized below. l

2.3.1 Alert Display and FSM Controls

The alert display is a color CRT witk line address keys mounted on the left
and right sides. The FSM controls are mounted below the aIert display as
shown in Figure 2.3. 1 1. The runctions of the alert display have been
described in Berson, et al, 1981. It displays up to eleven alerts on one
page. The alerts are color coded and prioritized according to their
urgency level. New alerts appear at the top of the list in their alert
category. ' | : : ’ .

With each alert there is a 1ine szlect key. This'allows selection of a
particular alert by the crew which activates the row of keys at the bottom

“of the display. These keys allow the crew to select the procedure and

status pages for the 1ine-addressed alert by depressing the checklist and

' status keys. The crev can step through the procedure and status pages by _
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Figure 2.3.1-1" The Alert Display with FSM Costrols o .
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multiple depressions of these keys. If an alert has been addressed and the
procedures are incomplete, the store arpd recall keys are ‘inhibited. Once -
the procedures have been completed;‘the procédurerand status displays are
cleared, and if the alerting situation no longer‘exists,'the alert will be
removed from the .alert disblay. If .the alert was in & lower urgency cate-
gory than a warning, it may be stored. By depressing the recall key, . '
stored alerts will reappear on the alert display and the crew may review
the pfoéedures and status by depressing the line select, checklist, and .
status keys in sequence. The page key allows the crew to page through the
alert display and the voice key activates the voice system.

2.3.2 Procedures Display

Step-by-step procedures for responding to normal, abnormal, and emergency
situations are presented on the procedures display in checklist format.

One action item is presented per line whenever feasible, and as many action
{tems as feasible are presented on a single page. The items requiring crew
action are one color, and the completed actions are anotner color. As the
cre ¢ completes an actfon the actic. item changes format and color. If the
action is not sensed by the a1rcraft; the crew must acknovledge its comple-
tion, by selecting a “completed action" key, before the item changes
color/format. Branching {s presented by "if statements" in the action
color. Once the actfon s sensed after a branching statement, the one
alternative action {s presented. If the crew faiTS to perform an action -

item and proceeds to the next actfon 1ten, the uncompleted 1ten will renain
in the action color.

The. actions will be 1isted fn priority order. All actions that have an
‘{mmediate effect on aircraft’ safety will be listed first. Cleanup proce-
dures will follow. Procedures affecting other flight phases will follow
the cleanup procedures. (Such procedures will automatically be 1htegrated
into checklists in those flight phases.) For multiple alerts, the actions
will be 1ntegrated according to the priarity logic established by the
system. Those faults that cause subsequent faults will ‘be listed first.

If these are corrected, then the :ubgaquent faults will»disappear., In case .

o
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of independent failures, they w111 be 1isted according to their fault level
and their order of occurrence.

2.3.3 Status Display

The status display will have pfctoria] and alphanumeric presentations.
There may be as wany as four pages associated with a fault:

1. A page presenting the aircraft status showing operational limits
and the non-operating systems.

2. A page showing the schematic diagram of the system involved with
' the procedura1 action.

3. A page identifying the system with the primary faiTure.

4. A page(s) presenting any additional, operational information that
is currently contained in operations and flight manuals.

The first status page will show aircraft status, including degraded'systems
and operating limits. The second page will display a diagram of the proce-
dure1 action site. The third page will show a diagram of the system or
subsystem containing th:. failure which generated the alert.  The fourth
page will display information pertinent to flight operations as a result of
the failure/ alerting situation.

System status will be shown by simplified system scheuatics. These sche-
matics will show system flow by interconnecting lines and identify dif-
ferent components by symbol shapes. Color coding will be used to indicate
operating and fault status. For example, unfilled symbols could indicate
"OFF" status and a filled symbol could indicate "ON" status. -Alphanumerics

wili be used to identify the components and for presenting quantitative
parameter vaiues when required. -

Afrcraft status will be shown by a simplified pictoriai of an aircraft

. (e.g9:, a plan view outline of the aircraft). Symbols will be used as much

as possible for the faulted systems. Other information will be presented

by alphanumer1cs. Failed cc1ponents will be color coded according to fault

level (e g., red or amber). oy
. 231




7vvyﬁt77.
4

i)
N A O

Ly
'.'......'=

i

A SRR S

BN 2O

| oewwy

2.3.4 System Control

Several alternatives have been selected for control of the aircraft systems
in conjunction with the FSM. These include:

1.

3.

System Control Panels - System control panels are located either
at a riight engineers station or in the overhead panel. The
aircraft systems are controlled with the systems panel which is
not part of the FSM. However, information feedback on the status
ggntbe controls and tke operation of the system is provided by the

Touch Panel Control - The touch panel overlaying the status dis-
play allows system control to be next to the displayed procedures.
The touch panel 21lows the crew to perform the action item by
touching the display. Feedback information is presented on both
the procedures and status displays, and the crew's attention is
focused on only these two displays for completing the procedure.

Yoice Interactive Control - Voice commands are used to call up and

control the displays and the aircraft systems. The voice system
is activated by depressing the FSM VOICE key. After activation,
the crew is able to call up and perform the action items.

Multifunction Keyboard - The multifunction keyboard is configured

with programmable legend keys. The first key lists the first

 action item from the nrocedures display. The second action item

1s 1isted on the second multifunction key, and so on. To perform
the action item all the pilot has to do is depress the correspond- -
ing multifunction key., - * '

2.4 CANDIDATE CONCEPTS

The'FSM concepts differ in their level of automation: ‘manual,, system aided
and automatic. With the manual method, aircraft system reconfiguration is
accomplished on the systems overhead panel. The system aided concepts
include automatic display callup, and the aircraft systems are controlled
by innovative concepts fn conjunction with the FSM displays including vofce '

‘{nteraction, touch panel overlajs;’and a multifunction keyboard. The last

concept is dutonat(c reconfiguration which only requires the crew to give a

.'go-ahead signal. This concept.hay.be used in conjunctfon with any of the

: 3g




above concepts, but for this study it was implemented only in. the multi- -
function keyboard concept. In all of the concepts, feedback information is
provided on both the procedures and status displays.

2.4.1 Basic Concept

The operation of the Basic concept is shown in Figure 2.4.1-1, After an.
alert occurs, the crew cancels the master caution and warning inditatof and
reads the alert d1sp1ay to identify the fault. By‘pushing the Tine select
and CHECKLIST keys, the aIert procedure is disp1ayed on the. procedures
display. If the crew pushes the STATUS key, the aircraft status is pre-
sented on the status display. By selecting the STATUS'key again, the FSM
will display the system schematic associated with the first procedural
action item. ' B

The crew reads the checklist and performs the necessary actions on the
overhead panel. If there is more than one page of procedures, the com-
pletion of the items on the first page will bring up the next page.. By
repeated pushing of the CHECKLIST‘key, the crew may step through the

~ procedure pages. After the procedures are completed, the crew may'step

through the status pages by pushihg the STATUS key. After completion of

- the checklist procedurec, the displays will be cleared. The alert message

is removed from the alert display if the alerting situation no ‘longer
exists, otherwise it may be cleared by line selecting the alert and select-
fng STORE. Selecting STORE will store all alerts. except warning level '

‘alerts and alerts which have pending checklists.‘

2.4.2 Basic Concept with Ahtometic Display

This concept is the séme as the Baéjc concept except when the crew pushes
the 1ine select key, the_brocedures display and status display (aircraft
status page) wiil be brought up automatically (see Figure 2.4.2-1). As the
crew completes all' the procedures on a page, the next page will appear
automatically. After the procedures are completed the crew may step

through the remaining status pages. e
33 '
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2.4.3 Touch Panel Interactive Concept

This concept is 11lustrated in Figure 2.4.3-1. The procedures'disp1qy and
status display (aircraft status page) are automatically called up by the
pilot selecting the 1ine address key on the alert display. The pilot
performs the actions directly on the status display. After manqél1j _

- stepping past the aircraft status page, the status display w111 contajn.a

schematic, related to the first action-item, with computer generated touch
keys to. reconfigure the system. Feedback information 1s‘presentéd'on both
the procedures and status displays. Each action item will have a corres-
ponding schematic diagram on the status display. This display.is also
touch inteﬁactive'for calling up more detailed information, if desired..

2.4.4 VYoice Interactive Concept

This concept, shown in Figure 2.4.4-1, uses voice for both messages and
control of the displays and aircraft systems. Voice control actuation is
optional, and both the displays and systems may be manually cbhtro\led as
described under the Basic or Touch Interactive concepts. - Voicé’messages
are used to direct the crew's attention to alerts and to the actions to be
performed if the alert is a time-critical alert. :

~ After pushing the line selec: key. the pilot may select voice 1nteraction

by depressing the VOICE key. When the displays are called up, the first
action item would be addressed. To execute an action item, the crew says,
for exampie, "PUMP 1 OFF" and an execution command, and the action is:

- completed. The crew continues this process until all the procedures are

completed. Feedback is presented visually on the procedures and status
displays and may be presented by voice messages.

%
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2.4.6 Automatic Reconfiguration Concept .

2.4.5 Multifunction Keyboard Concept

This concept uses a multifunction keyboard with programmable keys and a
scratchpad. The scratchpad display presents the alert procedures. Air-
craft status, system diagrams, and operational information are shown on the
status display as in the other concépts. The multifunction keyboard pre-
sents the sequence of control actions by having the legends on the kéys
correspond with the action items on the checklist. This concept has also
been termed "Directed Selection" because of this capability to present the
sequence of actions to be taken by the crew. ‘

The operation, as iilustrated in Figure 2.4.5-1, shows that after line
selecting the alert, the checklist appears on the scratchpad, and the
actions that are interactive with the aifcraft systems are. presented in
sequence on the multilegend keyboard. To perform the action items, the
pilot must depress the corresponding multifunction key. To perform actions
that §re not interactive with the aircraft systems, such as "CHECK air-
speed" and SET altimeters", the pilot does the action and then indicates to
the system that the action has been accomﬁlished by selecting a dedicated
buttor Tabeled DONE. This procedure is continued until all items are
completed. Feedback is provided on the scratchpad, on the multifunct1on'
legends, and on %he status display. The operation of the checklist on the
scratchpad is the same as on the procedures display ised 1n the other
concepts.

Any of thé systems-ﬁided cohCEpts could 1ncorvo?ate pi1ot-1nit1ated.auto-'.
matic system reconfiguration. For demonstration purposes, the multifunc-
tion keyboard concept was used_to evaluate the feasibility of this control

"method. This concept requires ;he same steps to call_up the checklist on
~ the scratchpad display and the procedural steps on the keyboard. However,
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the crew has only to select one key, a dedicated key labeled EXECute, to°
initiate the corrective action. The system automatically does the action

items that are interactive with the aircraft systems, at a nredetermined
rate, stopping at items that must be accomplished by the pilot. Action and .

status feedback are presented on the status and scratchpad displays (Figure
2.4.6-1). The crew has the option to stop the reconfiguration at any time. '
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3.0 SCENARIO DEVELOPMENT

3.1 OBIECTIVE

The primary objective for the simulated flight scenarios is to provide a
realistic test situation for use in eva1uat1ng FSM system candidate con-
cepts. The flight scenarios must reaIisticallJ task the pilot so- mean-
ingful data can be obtained.

3.2 APPROACH

.Several qualifications were made when designing';he scenarios. First, it -
is necessary that tiie system failures and. the adveree'operational situa-
- tions, which are the bases for the alerts, can be sensed via the aircraft
and its associated sensor system.

Second, it is necessary that the:alerté selected and the seguence of events
are appropriate, since the basic purpose of the study is to demonstrate/
evaluate the functions of a f11ght status monitor. Not all_pilots will
experience every alert up- to the time-critical situation. Some pilots wili
accommodate for the degrading situation early in the scenario and never
experience a high level alert. ‘However, the system should be designed .to
provide continuous monitoring of'flight conditionskfrom simple situations
up through degraded or compounded situations.

. Scenario development was accomp11shed {n three steps. First, alerts iden-

tified in Phase IV which have the potential for improving afrcraft safety
were selected. Second, candidate system concepts to handle the alerts and
present them to .the crew had to have been developed. Third, simulated
fiight scenarios were designed which would present the alerts in a
‘realistic flight operation. . '

Alert selection has been a continuing procesﬁ. The survey of accidents in
Phase IV produced a 1ist of alerts which appear to have potantial benefit

43
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for improving aircraft safety. "The study showed that when crew error was 2
primary cause, approximately 6% of the accidents resulted from navigation
‘errors. Therefore, navigation error was selected as an alert candidate to
be provided by the FSM. Similarly, other alerts were derived in Phase 1V,

including:

WIND/WINDSHEAR
TIRE/WHEEL FAILURE
COLLISION AVOIDANCE
TAKEOFF ABORT

(-2~ - 3 - ]

Outside sources suggested other alerts for the list or subportgd those
already on the 1ist. For example, the FAA suggésted an alert for differen-
tial 1ift across an aircraft's wings. Safety experts proposed4the use of
tire failure and/or insufficient acceleration as the basis for a takeoff
abort alert. The recent reporting of incidents caused by fuel shortage
prompted the consideration for a low fuel alert.

Low-level alerts were then selected wﬁich might indicate the early states '

of a dégrading situition. leading up to a condition/situation which might '
-develop 1nto an accidént. For example, a stall might be preceeded by a ‘
wing agynuetry alert, and an abort might be preceded by an a1ert for low
acceleration. -

The list of the alerts considered is provided below:

WING ASSYMMETRY
LOW ACCELERATION
ENGINE ANTI-ICE
ENGINE VIBRATION

o DIFFCRENTIAL LIFT
0 - ABCRT
.0~ TIRE FAILURE
0 NAVIGATION ERROR
0 - LOW FUEL —
0 INSUFFICIENT BRAKING
0 COLLISION AVOIDANCE
0 WINDSHEAR
0 GROUND PROX .
0 STALL
0
0
L]
0
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. 3.3 SCENARYO DESIGN

. Three simulated flight scenarios were developed to evaluate the preliminary .
'FSM concepts, they are:

1. Differential Lift - An approach in bad weather with a sequence of
- events which lead up to a differential 1ift and stall situation.

2. Takeoff Abort - A take-off situation in which the aircraft fails
‘ to achieve sufficient accelerat1on and the system signals an abort
alert.

3. Navigation - An enroute cruise situation in which navigation
errors and multiple system failures occur.

- 3.3.1 Differential Lift Scenario

This scenario .s built around' the critical flight conditions of differen-
tial Tift. The pilot's concern is to avoid stalling a wing. Therefore,
the highest urgency-level alert in the scenario is “STALL".

To provide a degree of realism for the system demonstration, the scenario

~ has included several alerts which might be pre-cursors to a wing stall.

Those selected, in order of their occurrence are:

Alert f Assigned Urgency Level
Left engine anti-ice failure | Caution
Left enginé vibration - | Caution
Left engine shutdown . . ‘ Cautioh
. Leading edge slats asymmetry ' ' Caution
Wing stall - ',,. - . Warning
Stall ' ~ TimeCritical

| Normally. engine. anti-ice failure is only an advisory-leve1 alert, but the

FSM has in its data file that 1c1ng conditions exist s0. it elevates the
alert level to caution.
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These alerts are woven into a theoretical flight from Chicago to Boston in
adverse weather. Enroute to Boston the crew is told to hold for traffic
metering and must change landing runway because of a wind shift. Task
workload is provided by the combination of the ATC communications, the.
landing runway change, the flight control difficulties due to the bad
weather'with 1ight turbulence, and the sequence of failures. Figure
3.3.1-1 shows a simplified profile of this simulated f1ight scenario.

3.3.2 Takeoff‘Abort Scenério

This scenario demonstrates how the FSM could be used to aid the pilot in
the critical takeoff fligﬁt phase. It is generaily considered that takeoff
is more demanding on the aircraft than on the pilot. The pilot has two
tasks: to decide to continue the takeoff and to guide the airéraft into
the air. However, because of the many factors in the deciston process and
the time-criticality of the decision, computer-aided decision-making by the
FSM could aid pilot performance.

The scenario shown in ?1gute 3.3.2-1 will be a short sequence of events,

~ during a flight's departure, which will lead to a takeoff abort alert.

Several conditions will be set in the simulator which will hinder normal
acceleration. These include: simulation of snow and slush on the runway,
low tire inflation, up slope of the runway, and a heavy aircraft. During
this scenarfo, the pilot could fafl to set full takeoff thrust and be slow
in deciding to abort. It is anticipated that these conditions, coupled
with the weather and delayed decisions may lead to the FSM calling for an
abort. Precursor alerts for Iow'acéelération will be provided at the
advisory. cahtion, and warning levels before the timg-critigal abort”a\ert
is presented. 1If the pilot cannot correct for the lower level alerts, he
woul& probably abort the takeoff before the abort alert is given, Wnile °

" . this would be less dramatic, it will still demonstrate the system capabi-

Tity to aid the pilot by providing guidance for this potentially critical
situation. : ' ' o '
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3.3.3 Navigation Error Scenario-

This scenario will be a sequence of events which may lead to a ground
proximity time-critical alert. The scenario will include a multiple alert
situation to demonstrate the capability of the FSM to handle these complex
and often critical situations. Two system failures, a hydraulic and an
electrical failure, will be initiated. The FSM will prioritize the ‘two
sets of procedures and integrate them into a single procedure for the pilot
to handle.

A predictive low fuel alert will be included in the scenario to demoristrate
the potential for the use of “expert systems" in the design of the FSM. It
is intended to take advantage of the capabilities of knowledge-based sys-
tems and the ever-increasing amount of micrqprocessor-baSedi1nformation
that is available on the aircraft. The use of expert systems addresses
many of the requirements tur future crew alerting systems ‘as -suggested in
Phase 1V, such as a greater number of sensor inputs, greater flexibility,
the need to handle mutiple anomalous events, and. the need to respond to
specifics of the various flight phases.

The navigation error scenario is illustrated in Figure 3.3.3-1. The simu-
" lated flight depicts the final legs of a flight from Phoenix to Salt Lake
.City, in darkness and frontal weather. To impose a high pilot workload,

frontal weather with turbulence, wind shifts, and darkness will. be simu-
lated. The pilot will also handle flying duties as well as comply with ATC
cunmunicetions and holding requirements. Mu]tipje system failures wili

occur. It 1s'ant1b1pated that thelpjiots might. drift off course causing a ‘
low level navigation error alert. Some pilots may also receive an alert

for a major navigation error. For some pilots, the navigation will degrade

_ untilla‘grouhd proximity tfne-criticel alert is triggered.




0118uedS 10113 uonebIABN  |-E€°€ 8Bty

asudInqiny 1ybiie

Joyleap jeyuoaqe -
'SUORIPUOD Ydle

T ssauyieqe

9)e7 Jjes 0} xjuaoyd 101 lide

(bulusepn) so44

. -°_~NO_>NZ . »:E-XOhn‘ v:—.-,‘vh
UII H - a

1and Mo 4

-

J

ainjied 9141933 'p a1nespAy

(vonne)) 10113 uonebiren

. .u::s‘




4.0 DEMONSTRATIOM PLAN

4.1 OBJECTIVE

The objective of the demonstrations was to obtain feedback and comments
from pilots and engineers to refine the preliminary FSM concepts. Feedback
obtained from these demonstrations will be the major source of information
for refining the candidate concepts to be evaluateg in Phase‘II.

4.2 APPROACH

Two concept demonstrations weré conducted in Phase I. In the first'demonf
stration, the study team members and the FAA contract monitor reviewed the
initiql set of FSM functions implemented in the simulator. In the second
demonstration, six pilots were led through the Differential Lift scenario.
For this demonstration both the Basic and Basic with Automatic Display |
concepts were implemented in the simulator. In addition, the system-aided
and automated concepts were discussed to obtain pilot comments and’ feed-
back.

Additional team demonstrations will be conducted eariy in PhaSe 11, after
the system-aided/automated concepts are implemented in the -simulator. With

the demonstrations, the FSM concept/design issue questionnaire will be
administered to validate its design. The questionnaire is contained in.
Appendix B. - o :

4.3 ~SIMULATION FACILITIES

4.3.1 Mock-up and Integration Laboratory

The Mock-up and Integration Laboratory at the Boeing COmmercial Airplane
Company's Development Center was used to develop and demonstrate the FSM
concepts (see Figure 4.3.1-1). S
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The ﬁock-up and Integration Laborhtory provides R & D capability for
developing advanced flight decks. The laboratory is used for: (1) early
laboratory work requiring use of bench development and test facilities, (2)
successive stages of part task simulation using simplified approximations
of sensor and aircraft systems, and (3) concept implementation in a cockpit
simulator to confirm appropriateness of interface provisions and Operations
before flight test.

4.3.2 Research Cab

The center of the lab is a new generic widebody fiberglass aircraft cock-
pit. The cab has been designed to be easily reconfigurable and can be
configured for two or three (forward facing) crew members. All the dis-
plays, their control panels, mode switches, control display units and
flight controls are mounted in the cab. :

The cab serves a dual purpose. First, it provides a facility to eppraise
the requirements for an fndividual display or control, including the dis- -
play content and format.. Secondly, the cab provides the capability to
perform system integrat:on work to support the development of new dispiay

or control systems.

The cab 1is equivped with state-of-the-art color displays. Figure 4.3.2-1

‘shows the f1ight deck with the EADI and EHSI surrounded by four CRTs pre-

senting secondary instrument information. The center {nstrument panel

' ' contains four CRTs, two of which present engine instrument data. The two

CRTs, shown blank, are being used to present emergency procedures and
status f{nformation for the FSM. ‘

.~ Figure 4.3,2-2 shows the.cab displays which will be used for the FSM demon~
"'strations. On the )eft {s the visual information display, also called the

alert display or alphanumeric displax._ The displays to the right of the

~alert display are the procedures and status displays, respectively.




Figure 4.3.2-1 . The Research Cab
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At the bottom of the picture, om the center aisle stand is the system .
action panel with its 15 programmable keys. During test, this panel serves
as a substitute for the airplane's system controls, usually located on the

overhead panel. The panel also serves as the control panel for the "Multi-
function Keyboard” candidate FSM concept.

The alert display uses 11 lines of 16-character alphanumérics to provide:

o0 One location where a11 warning, caution and advisory messages are
‘dispIayed _

o A concise alert message for each problem

o Information abdut a]ért urgehcy

o ' Some direction for cfew corrective actions

0 Feedback tuv crew when f&ults are corrected

o Line select and function selection of display formats.

The checklist/procedures display and the status/schematics display are 6 x
7 inch Collins shadow-mask CRTs. They provide a 7-color repertoire in.

8

4,3.3 System Design

The FSM display and control system is independent of the research cab, so
that it may operate in otheé simulators. Toward this end, tae system
design is autonomous from the Boeing simulatof, except for simulated-air-
craft system status data. A direct result of this design philosophy is
that the FSM must contain all the functions and capabilities for handling
crew alerting; including alert *ategorization. prioritization, and inhibi-
tion schemes, algorithms for handiing heuristic systems data, checklist and
procedural schemes. status display, and ‘a variety of system control
paradigms. '
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Figure 4.3.3-1 shows a functional diagram of the FSM system. On the far
right of the figure are the system-pilot interfaces, the display-control
devices. On the far left the airplane host simulator function is shown.

To the right of the host simulator is the large menitor and control unit
labeled the FSM Emulator. The monitor énd_contro! unit is the basic FSM
unit. Between the moriitor and the system-pilot interface devices.are
~ontrol modules which execute the commands of the controller and control
the display devices. They also modulate the pilot control actions affect-
ing the monitor. ) |

4.4 DEMONSTRATION PROCEDURES

s mentioned in Section 4.2, two demonstrations were conducted during Phase

I.: The procedures were the same in both demonstrations and are described
in Paragraph 4.4.1.

4.4.1 FSM Study Team Demonstration

The system was demonstrated with a static airplane simulator using the test
scenario for Differential Lift. The sequence of system operatior was con-
trulled by microprocessors which permitted test conductor interaction with
the alert display and the procedures and status displays. The Basic FSM
concept was demonstrated. The test conductor performed the demonstrations,
allowing the test subjects to observe and critique the corcepts.

* The "LEFT ENGINE ANTI-ICE" alert (shown in Figure 4.4.1-1) was presented
first. The test conductor pressed the appropriate line select key, which
called up a note on the procedhres dispiay stating that there was no pro-
cedure for the alert. The test conductor then selected STATUS on the alert
,d{SpIay, which caused the anti-ice system dfagram to appear, as shown in
Figure 4.4.1-2. Subsequent seiections of the STATUS key called up the
operational information shown in Figures 4.4.1-3 and 4.4.1-4. Then, fol-
lowing a simulated scenario of flying in icing conditions, a new alert was
generated and presented on the ‘alert display: "L ENGINE VIBRATION". The
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Figure 4.4.1-1 Left E‘ngine Anti-ice Alert




B - S " Figure 4.4.1-2 lEngina Anti-Ice System Oié'gram S . ‘
I ' 60 . o . . . .
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Figure 4.4.1-3 Engine Anti-ice Operational Infarmation
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test conductor pushed the line select and checklist keys, and the alert

- procedures were presented on the procedures display (as shown in Figure
4.4.1-5). The test conductor read the displayed information and
accomplished the engine shutdown procedure using the system action panel.
As each step was accomplished, the action item on the procedures 1ist would
change from white to green and a cursor would drop down to the next pro-
cedural item. When. the checklist was completed, the display was cleared.

Then the tést conductor, who was demonstrating the qisplay of a preliminary
landing checklist, was given an alert that his Left Leading Edge Slats did
not deploy, "LE SLATS ASYM". Upon pressing the line select key and
selecting CHECKLIST, the procedure for the alert came up as shown .in Figure
'4.4.1-6. Using the system action panel (Figure 4.4.1-7) the test conductor
accomplished the checklist. :

After the checklist had been completed, the test conductor selected STATUS
and the aircraft status came up on the status display (see Figure 4.4. 1-8).
Then, because of loss of airspeed, a warning-level alert was presented on
the alert display, "WINGS ASYMMETRY". The test conductor selected the
alert and selected CHECKLIST, see Figure 4.4.1-9). The test conductor
checked his airspeed and using the system action panel (Figure 4.4.1- 10)
fushed the “DONE" button to indicate completion of the procedural step.

AL “ough not'dynamically demonstrated, the scenario would have continued
with a further loss of airspeed causing a time-critical alert on the
glareshield-mounted time-critical display:

STl .. ~ *ADD Powea' - | |
: ' The scenario would have ended with the pilot responding to the alert by

adding power.

Throughout the démonstrat1on,:the study team members and the contract
~monitor commented on specific FSM design features. A summary of these
comments are contained in Section 4.7.1.
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Figure 44.1-7 System Action Panel
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4.4.2 Pilot Demonstration ‘ : oo '

On April 13,‘1984, six pilots participated in a demonstration of the Basic
and the Basic With Automatic Disp1a& concepts in the Boeing simulator. A1l
of the pilots were qualified in at least three aircraft and had between
4,500 and 14,000 pilot hours with an average of 8,333 hours.

Before the demonstrations, the piiots were briefed on the objectives and
functions of the FSM and on the candidate concepts. The concepts were
described in detaiT, and crew interaction with the system was explaihed.
Questions and comments were solicited from the pilots during the briefing.
Following the briefing the pilots were shown the research 'cab and were
instiucted as to how the demonstration would be conducted. They were
informed that the session was being tape recorded and were asked to speak

' up, as the noise level in the cab would be high. They were asked to stop
the demonstration at any time to repeat or discuss any feature of ‘the
system. The test conductor solicited questions and comments. The scenario
and FSM concepts demonstrated were the same as those described for the
first demonstration in Paragraph 4.4.1. Again, the test conductor per-
formed the demonstrations, allowing the pilots to observe and critique the
concepts. '

_ Once initiated, the operation of the FSM was paced by controlled inputs
‘from the tesi conductor (who narrated the scenario). As questions'came up
or a discussion broke out, the test corductor would delay the next contrcl
input to permit full discussion. The objectiie was to get the pilots'
opinforns on the candidate concepts.

Following the demonstration, a transcfibt of  the tapé was made and analyz-

ed. A summary of these comments is contained ir .the next section.

‘4.5 DEMONSTRATION RESULTS

The resu]ts of‘the.study'team‘and piioé demonstratiéns are summarized
separately below. : :
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4.5.1 Study Team Demonstration Results

Review of the demonstration concepts and scenarxo led to a consensus for
the following ref1nements in preliminary conceptS‘

o | Increase size of characters on checklist/procedures display.

o Color code failed/degraded components on schematic Ciagrams with

the same color as the urgency level of the alert.

‘o -Information on the procedures display should be directive and
positive. For example, it is better to use: .

“Maintuin 155 KTS airspeed”, instead of
“Check airspeed ------ - check"

o On aircraft-level schematics, only color-code failed s}stems/
components due to the small size of the display.

4.5.2 ' Pilot Demonstration Results

The following comments were derived from the analysis of the pilot demon-

stration transcript. The comments listed are those made by one or more of
the pilots. In general, most of the comments were derived on the content

and format of the procedures and status displays and on the level of auto-
mation; the fo110w1ng comments are reported in that respective order. The
pilot's suggestions will be considered along with the literature review

results and questionnaire feedback, during the refirnement of Phase I
concepts.

4.5.2.1 Procedures Display Comments

COmpleted actlon items should remain d1sp1ayed until the, entire pro-
- cedure s completed.’

n

A\ %3




Completion of the procedure should be acknowledged by the crew before
the action items are cleared from the display.

Procedura) action items presenved "up front” was preferred. It would
also make one less book to carry around.

B\ tbough displ ayed procedures were favored electronic checkhsts could .

pose a problem when airworthiness .- cectives require a change in proce-

_dures, because of the complexity and security of software changes.
_Current paper checklists are easily zltered.

A comoletely modifiable checklist, needed to avoid the problem of
changing a checklist and conforming to a software verification require-
ment, would be a formidable task.

4.5.2.2 Status Display Comments

]

Pilots stated that the display of aircraft level status did not extend
their knowledge of the aircraft's condition. For example, "If a pilot

_needs a picture to tell him that the Left Leading Edge Slat is not

extended, he has aot a problem.”

There {s no need to display systems diagrams with failed components if
the flight crew cannot repair them. '

- Afrcraft level status displays should shoy maximum and minimum speed
'limits

Studying the status display will cause the pilots to keep their heads
down. .

‘Status display would not help the piiot respond to aierting situations.

- The use of status ‘or. grapnic displays like those demonstrated have

never been as useful as envisioned. Pilots stated that in general,
they need to be improved and that more format development was needed.
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4.5.2.3 "Level of Automation" Comments

()

0

0

For warning level alerts, the pfocedures and status displays should
come up automatically.

In general, the pilots favored automatically executed checklist;, but
they wanted the capability to select the AUTOMATIC mode.

The pilot must have the capability to halt the automatic completion of
a checklist.

 Regardless of the design, the pilot must always retain contrel over the .

afrcraft.

Automatic checklist might be beneficial when the flight envelope is
.reduced through some failure in the flight control augmentation system.

Allow the pilot to control the length of time between the execution of
action items on automatically completed checklists.

With a turbine ;haft shear there could be as little as 2/5 of a second
to shut down an engine. In such a case, manual shutdown is too slow,
and, without major structural encasement, automatic shutdown is
required. ' '

9.5.2.4 Yoice Message Comments

o

"o

A #nart system should include voice messages as a rédundant'mechanisﬁ
for providing crew guidance and feedback in responding to alerting
situations. ' '

A voice iessage_such as "NOSE oouﬁ" or “ADD POHER"might help the crew
in situations 1ike those encountered in the Chicago accident. '
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5.0 ACCOMPLISHMENTS AND RECOMMENDED FUTURE ACTIVITIES

5.1 SUMMARY OF ACCOMPLISHMENTS

The following major tasks were accomplished during Phase I:

1.

2.

4.

5.

FSM System Requirements - Based on the :esults of Phase IV, an
approach was taken to expand the alerting system to function as an
FSM. FSM functional requirements were developed on the assumption
that by providing flight crews with procedural guidance informa-
tion and feedback crew performance in non-rormal situations could

be improved.

} 4 Control and Display Requirements - Candidate control and
dispTay suites were identified to satisfy the FSM functional
requirements. Information requirements can be accommodated by one
or more color displays. In our present confiquration, tws color
displays are used; one provides step-by-step procedures for
resolving aircraft alerting situations and one provides aircraft
and system status. To satisfy the control requirements for inter-
acting with the FSM and accomplishing the procedural action items,
several candidate concepts were identified including: voice
control, touch-interactive displays, muitifunction keyboard, and

_-automatic reconfiguration.

" FSM Impiementation Issues - For each of the candidate control and

display suites identified above, implementation issues were ad-
dressed. Basically, these issues. focused on identifying all of
the design questions relating to the content, format and crew
interaction mechanisms for implementing the candidate FSM con-

"~ cepts.

Candidate System Concepts - System concepts, differing in their
Tevel of au%omafion, were developed for satisfying the FSM re-
quirements. These concepts rarjed from manual control through
system aided . control and finally to automatic system reconfigura-
tion. ‘A total of six concepts were developed: Basic (manual
control), Basic with Autcmatic Disylay, Touch- Interactive. Vaice-
Interactive, Multifunction Keyboard with scratchpad and ‘Automatic
reconfiguration. : v

Demonstration Scersrios -_Scenarios were deve1oped to proride a

- mechanism for demunstrating/evaluating the candidate system con-

cepts. The stury lines for the scenarios were abstractad from
accidents &1 incidents that were reviewed as part of the Phase IV
effort. Three scenarios were developed: (1) Differential Lift.
(2) Tai eoff Abort, ‘and (3) Navigation Error.

"




6. FSM Concept Evaluation - Two FSM concept demonstrations/evalua-

~ tions were conducted.” The study team members and the FAA contract
monitor participated in the first demonstration, and six Boeing
pilots participated in the second demonstration. The demonstra-
tions were conducted in Boeing's flight station research and
development laboratory. The demonstration consisted of a test
conductor going through the simulated Differential Lift scenario
with the Basic (manual control) concept implemented in the sce-
nario. Whereas only the Basic concept was implemented, all other
control concepts were reviewed. During the demonstrations, par-
ticipants comments and opinions were solicited to provide informa-
tion for refining the candidate concepts.

7. Candidate Concept Refinement - In addition to the system demon-
strations, a Viterature review and a questionnaire were developed
to provide data for refining the candidate concepts. The litera-
ture review focused on resclving the candidate concept implementa-
tion issues. The questionnaire was directed at evaluating the
relative effectiveness of the candidate concepts and evaluating
specific design features of each concept. The questionnaire will
be administered early in Phase Il to provide data for finalizing
the FSM candidate concepts for furtlier test and evaluation.

5.2 RECOMMENDED FUTURE ACTIVITIES

5.2.1 Continuation of Phase I

In,fhe course of the Phase I effort it was decided that additional data
will be required to §upp1ement the information acquired from the literature
review and system demqnstrations to refine and reduce the number of candi-
date concepts for the Phase 11 effort. To help acquire this data, a ques-
tionnaire was developed which will be administered early in Phase II. In
additipn.'one or mcre system demcnstrations will be conducted. ..

5.2.2 Phase 11 Activities

. The objective of Phase 11 is to implement selected FSM functional concepts
in special test hardware and evaluate them in. a simulated operational

‘environment. ' The major activities to be accomplished in Phase 11 are

~ summarized below. - '

75




1.

2.

Develop FSM Simulation Speéifications - The-objéctive of this task

shall be to incorporate the changes in FSM functional concepts.
First, the system specification will be modified to incorporate
the functional changes derived from the Phase I demonstrations.
Appropriate changes recommended by the observers cf the concept
demonstration will be implemented.

Secondly, and more significantly, the concept system fo be exer-
cised and evaluated in Phase Il will be a more complete system.
More alerts for a broader range of alerting functions will be
implemented. Many functions previously handled by the host com-
puter for the Phase I demonstration will be designed into the FSM
real-gime test configuration.

In addition, the test plans and the simulation scenarios will be
altered to meet the requirements for the Phase Il evaluation.
Scenarios and equipment will be changed as necessary to permit
accumulation of pilot performance and preference data.

DeQeiop Simulator Demonstration Systems - Suitable hardware shall

be assemﬁled for the Phase II evaluation in an operational simu-

lator. Hardware subsystems will be configured and reprograﬁmed to
perform functions which were either not demonstrated in Phase I or
were accomplished by the host computer. Necessary 'interfaces will
be modified to 1ink the system to the flight simulator. Wherever
possible, the special test equipment will be of a quality capable

~of flight eva1uation. .

Prior to installation in the simulator, the system co@ponents'v

'shall be bench tested to insure proper operation. This task will
,include.testing of subcomponents of the special test equipment as
- they are reconfigured. Additionally, as more subassemblies and

capabilities are added to the ;ést'system, operational tests wilil
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be performed to ensure operability and compatibility. When avail-
able, the complete test assembly will be bench tested as complete-
ly as possible, before installation in the simulator. '

The test equipment shall be installed and its opération in the
flight simulator will be verified. Because not all functional
tests can be accomplished on the bench, extensive testing may be
required when the test equipment is installed in the simulator.
This testing will include subassembly testing, such as the aural
signal generator the d1sp1ays and the data co]lert1on/1nput
devices.

The complete system will pe tested. The simulator elements such

as the cockpit displays and controls and the simulator handling
qualities will be checked out. Finally, the éoncept system will
be pre-tested in test scenarios under test conditions. Prior to
conducting the actual test and evaluation, a limited number of
sample tests will be conducted to assess the reliabi\ity of the
system and to solidify test procedures and the test schedule.
This éask wi1i involve approximately 40 hours of simulator time.

Perform Demonstration/Test and Evaluation - Test shall be verfonn-

ed using suitable subject pilots. This task'will involve approxi- _
mately 60 hours of testing in t“2 flight simu‘&toru The tests
will be conducted in accordance with the detailed test plan. The

test.subjects will be selected according to the test plan, and

shall be line. qualified piIots. Both contractor and subcontractor
personne’ shall provide representation at the tests to assure the

‘tests are conducted afcording to plan, to assist in the conduct of
‘the tests, and to facilitate the data reduction and ana]ysis. V

n
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APPENDIX A

DETAILS OF DISPLAY-CONTROL SYSTEM OPERATION
(FROM LITERATURE REVIEW)

Gartner and Holzhausen (1979), page 13
‘Checklist access and completion steps:

1. The main dispatcher (menu) is displayed. The opérator has access
. to any mode from this keypad - he chooses “CHK" for “checklist" by
touching the “CHK® switch.

_ - 2. The Checklist subdispatcher (sub-menu) appears arid the main
- S dispatcher disappears. The operator identifies the desired
~ _procedure by touching the associated switch (such as “PFL" for
pre-flight” checklist). . ' .

3. The first page of the desired checklist comes up. The operator
indicates a completed item by touching the switch next to that
::em, thus each item of the procedure has a switch associated with

‘4, After completion of a page, the next bage automatically appears on
the djsplay. : :

5 The authors did not discuss what transpires after the procedure has
been compIeted; but they did mention that the user car return to the main
dispatcher at anytime during the procedure by *ouching the "HOM" key, which
remains on the display throughout the exercise.

Streeter, Weber, and Opittek (1973), page 13
Manual and automatic progression through data levels:

The pilot could call up a schematic diagram or checklist procedure
- manually in one of two ways; step-by-step through all data levels, or by
direct access to the desired level. Each line of data wo@1d have a number
associated with it, left of the line item (see Figure A-1). The operator
would touch the line number to see more detailed information pertaining to
that specific Vine, thus moving through all data levels. Otherwise, the
controls at the bottom of the display would be used for direct *~~ess to

.

A-1




| . .
\r' 1 | LDG GEAR vur
2 | WING SWEEP v 35 AUTO |
3 | SL/FL/SPDBRV 10/35/UP
4 | FLTCNTLS Vv SAS |
5 | FUEL v 9000
6 | ELECT - ¥ NORM
7 |HYD -3000
8 | NAV/COMM - v NORM'
9 | FLTINST Vv NORM
10 | CcABALT v 8000
11 | ARM/AWCS v OFF/RDR
12 | CHECKLISTS —— |
s || overem | | o8 | | s | | teosE

figura A-1 Checklist Procedure with Associated Line Numbers lSéreeter. etai, 1973/
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other levels, specificélIy to a schematic or checklist procedure. Auto-
-matic access to checklist procedures would be provided for warning-level
conditions. When a warning was sensed, the appropriate procedure would be
displayed immediately. In the event that more than one warning-level alert
had occurred, the highest priority procedure (as determined by the system
logic) would be presented.

A fourth method would be available only for checklist selection. The

word “checklist” would appear at the bottom of the status display. Activa-
tion of the "checklist" line would cause a checklist index to appear.  The
operator could theh choose the desired checklist procedure.

Sexton (1983), page 15
Normal and abnorma1 checkli.t operations

Checklist‘operations were described for both normal and-abnormal

~ situations. The process'is:essentially the same, except for the call-up of

procedures. In both cases, checklists are presented at the top of the _
display and schematic diagrams at the bottom (see Figure A-2). Dedicated

_ touch panel controls for checklists included:

Abnormal Checklist (ABN)

Emergency Checklist (EMER)

Normal Checklist (NORM) -

Index (INDX)
" Page Advance (ADY)

Page Reverse (REV)

Clear Checklist (CLR)

Checklist Incomplete (CHECKLlST INCOMP)

" The operation of a hormal“ procedure uill be described first fol-
lowed by the operatioh of an “abnormail® procedure.

‘NORMAL - PROCEDURE CHECKLISTZOPERATION,

"0 Initial power. applicatioh ‘Causes the first sequenced checklist to
~ appear. -

A3

{\\ W




s f‘ "A
¥ n.. e
taln)

k)
»

-

v S

D)
.

ook

]

sha s

LR A )

]
'

.
xg ' ‘.’ . .

.
3
.

AC GEN FAIL CHECKLIST

¢
]

ABN

»
1
he

s
r
et
. ,
[l A

"

2. 270 VOLT DC LOAD-CHECK
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3. RECTIFIER CIRC BKR-RESET

REV |} ADV

4. AC LINE SWITCH-OFF

CHECKLIST
INcomp | CtR

270 VDC POWER

Figure A-2  Sample Checklist and Schematic Diagram (Sexton, 1983)
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Each item is checked off by pressing the line itew (anywher: on
the line). '

After an item has been checked off, it scrolls off the top of the
display and the next item scrolls onto the bottom of the checklist
area.

When an item reaches the top of the display, the associated
schematic diagram appears below the checklist.

Items may be skipped by pressing a line other than the one at the
top. Thus, all lines above the chosen item are skipped and.a
message appears beneath the touch panel switches which reads
"Checklist Incomplete”. The chosen item moves to the top and the
appropriate schematic appears.

To recall a skipped item, the operator would -press the “Checklist
Incomplete* message, and the first skipped item would appear at
the top of the display. All other items would fall into place
below the first skipped item. (The author did not mention whether
or not a schematic diagram would appear at this time.)

To recall other skipped items, the operator would again touch
“Checklist Incomplete". The next skipped item wculd then replace
the previously chosen skipped item at the top of the display.

This’sequence would continue until the last skipped {tem was
chosen, then begin again with the first skipped item.

When an item is checked off after haVing been called up through
the "incomplete checklist" mode, the system reverts to normal
operation.

A "Clear Checkiist“ (CLR) switch is provioed on the touch panel.'
When pressed, it clears all remaining items from the dispiay and
the checklist sequence continues.

As each checklist is completed, the next procedure in the sequence
automztically appears on the display. To display an cut-of-
sequence nrocedure, the operator would press the Index (INDX)
button to see a list of potential checklists. A checklist would
be chosen by pressing the name of the desired procedure.

If the operator wants to see the index of abnormal or emergency

checklists, the ABN or EMER button must be pressed befoe touching
INDX. ‘

A8
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ABNORMAL PRCCEDURE CHECKLIST OPERATfOM‘

o When a malfunction occurs which provides an alerting message and
has a checklis: stored in memory, pressing the appropriate ABN or
EMER button automatically d1splays the correet checklist and ‘
schematic diagram. .

o Once a checklist has been begun, the operator s position will be
maintained if the checklist is interrupted for any reason. Thus,

if the operator is performing -a normal proceduie and a mal function
occurs, the ABN or EMER switch would be pressed to call up the

malfunction-correction procedure. After completion of said
procedure, the operator could press the NORM switch and return to
the most previous position in the normal checklist.

o The Reverse (REV) and Advance (ADV) switches move Gisplayed items
up or down within a checklist or index, three items at one time.
When at the end of the 1ist, one button push moves eacn .item one
at a time. These switches access proceduras in sequence; thus,
after the operator reaches the end of ore checklist, the next
checklist can be accessed by pressing ADV.

o To activate a checklist using voice commands, the opev-ator would '

press the voice command switch {located on the jcystick) and say
the name of the desired procedure. The requested checklist would
then appear on the display, and operate as described above.

A310 Electronic Centralized Aircraft Monitor (ECAM), page'17

During normal operation, the left CRT shows a memo 1ist which reminds .

the crew of systems or functions that are in use, &nabling significant

. items to be checked without the need to scan tne'overnead panels; Flight
. phase “aformation is presented au*omatical!y. System information is pre-

sented in synoptic format whenever possible. Figure A-3 shows the normal

~displays for the ENGINE START phase of flight.

: Hhen a failure is detected by the f]ight warning computer, the left

'disp:ay provides an explicit description of the failure, and it is colo"

coded in either red or amber; according to the fault level. The rigit
display automatically presents the proper system synOptic. An axample is

_ presented in Figure A -4,
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The generating failure (system-level fault to which crew is alerted)
is presented alone on the first page of the left display. Any‘consequen-
tial failures (faults which come about as a result of the generatjngfor

- primary failure) are presented on the second page and will QnIy'appear if
" resolution of the generating failure is not successful.- Transition from
the first to the second page is made by selecting the CLEAR key. If
simul taneous failures occur, they are presented according to a def1ned
“priority order.

As often as possible, corrective actions are presented adjacent to the
: failure description. Crew actions appear in cyan. Once corrective actions
. are performed and sensed by the flight warning system the cyan instructions
turn to white. Items performed automatically (by the system) and requiring
no crew action are disp!ayed in white. If an action eliminates the prob-
Tem, the line is deleted after the aciion jtem has been comp1eted. The .
action code is given in checklist style and only one item is presented on
each 1ine. Each time a failure results in a flight envelope limitation,
the limitation is indicated in cyan adjacent to the failure description.

Upon selection of the CLEAR key, a .status page appears which shows an
operational summary of the aircraft condition, the status of failures which
affect the flight operations, and clean-up procedures. The status page may
be recalled anytime during flight by selecting the STATUS key.

After al] action items pertaining to. the generating failure have been
completed, the crew member selects ‘the CLEAR key. This will bring up any
consequential failures. After these actions have been completed, the '
selection of the CLEAR key will br1n9 up the status page, and selecting the:
CLEAR key again will bring up the. memo page. '

The wording and abureviations on the 1eft display are consistent with
the overhead panel. Lines which begin with conditional statements are
shown in cyan and begin with a decimal point. Status information appears

L A9
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in green if the system is Operationaf, and in amber or red (according to
fault level) if the system is non-operational. Memo items are presented in
green (see Figure A-5). '

There are- fourteen synoptic displays on the right CRT. These use

. simplified schematics to show the arrangement of system components. Color

-codingvis used to indicate the status of the system. Quantitative infor-

mation is presented by either numeric displays or analog scales. Abbrevi-

ations are used to identify components. These displays will appear auto-

matically when an associated failure occurs, and may be called up manual1y
by selecting the appropriate key on the display control panel.

Gallon and Currin (1984), page 17 , _

When a failure occurs, the right CRT automatically changes. The
failure is 1isted in the alert 1ist, the memo display changes to show
procedures and aircraft limitations, and the flight phase display’changes
to the applicable system schematic. o

The alert 1ist contains fourteen lines. Alerts are prioritiied ac-
cording to fault level and color coded. A cursor is used to 1dent1fy which
procedures and schematics are being displayed. As the actions are com- |
pleted and the alert conditions no longer exist, the message is removed
from the 1ist.

When an alert occurs, "'both the procedure and liuitations affecting
afrcraft operation are presented automatically. The procedure includes
craw actions required, and actions completed by the system. The procedures
are divided into primary actions {(which are actions affecting the safe
operation of the aircraft) and secondary actions (which are cleanup proce-
dures to protect the equipment). For a “"Level 3" (e.g., warning-level)
alert the primary procedures as well as the operaticnal limitations for the
current flight phase are presented. For a "Level 2" (e.g., caution-level)

,alert'the‘operationaI limitations affecting the current flight phase are

Aflo
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" through the information pages and to'recall fuforuatiou. The pilot may
. continue to page through the abnormal procedure loop, and when all {tems

. status page will return. If he selects the FLIGHT. PHASE keyiwfthout com-

presented. For either alert the secondary procedures are presented below
the primary procedure or-on a second page (see Figure A-6).

‘A1l action items must be addressed by the pilot.- Somefitems (such as
SET actions) can be sensed by the system, and change ‘color after comple-
tion. Other (such as CHECK items) cannot be sensed, and remain the same
color throughout procedure completion. An asterisk precedes each item of
this type. '

After completion of ali procedures, the status page is presented
automatically. (see Figure A-7). - The status display contains all current
and potential aircraft limitations, outstanding,procedures for later flight
phases, ard operationally sign1f1cant modificatjons of afrcraft systems.

When an abnormal procedure is displajed, the flight phase display
automatically changes to show the associzted system schematic. This
schematic duplicates the overhead panel as much as possible and is color

coded according to fault level. The displays are intercctive and reflect - )

the actual system configuration to the extent practical. This display
remains until the FLIGHT PHASE key is selected. These displays maybe
selected manually. by pressing the appropriate key on the MFD control panel.

In smumarj, after an alert, the piiot is directed to revieuvthe pro-
cedure, the backup procedure, and the aircraft status information pertain-
1ng to the current aircraft status. The pilot has the capability to page

have been satisfactorily addressed, he leaves the procedure by pressing the".'
FLIGHT PHASE key. At any time, the .pilot may select the STATUS key and the
pleting the abnormal procedure, the memo 1ist will indicate status. Upon

selecting the STATUS key, the status page will: contain: the outstanding
procedural items.

B} ~»'%”"‘ A-12
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Pfauth and Priest (1981), page 21

Touch screen design considerations:

1.
2.
3.
4.
5.
6.
7.
8.
9.

10. Potential ‘parallax problems
11.
12. Re1iab111ty ,
In addftion, the following work-place considerations exist: tempera-

ture and humidity; electromagnetic field 1nterference° dirt and grease;
reach distanc° and fatigue.

‘Dialogue development/Menu-hierarchy

Feedback (auditory, visual or tactile?)

Size of target (recommend 22 mm)

Shape and color coding |

Distance between contrcis (depenﬂs on application)
Activation'force required o |
Time delay between‘touches

Mode

Resolution required for task

Display size

A-15
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APPENDIX B

- PILOT QUESTIONNAIRE
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PILOT GUESTIONNATRE AND INSTRUCTICNS.

Pilot Questionnaire

Note: This study is desigried to assess the Leave Blank

advantages and disaodvantages of the © Subj. assigned code
F1ight Status Monitor concept for .

possidle use in commercial aviation. - "Exp. Mo.:

A1l information you give on this . BOT: :

form will be kept confidential and EOT:

will be summarized statisticaliy ' Vis. Tests:

wi:h the data from other question- .~ Form Compl.

naires. » ,

(Please Print all answers)
Name:

Address:

Phone (office pref.) ( ) Birthdate:

Do you wear glasses/contacts while flying? yes no (circle)
If you have no military experience skip question la. - 1ld.

la. Military Background: Branch
b. Did you receive military pitot training? yes no (circle)
c. List aircraft types in which you trained (if app1icable - otherwise leave

blank)
1st " 2nd
- 3rd ‘ - - 4th

d. List all aviation-related (specialized) training:

" (continue on opposite side 1f necessary) -

.---I-...I.O_'--l.ll.-.-.-".-"II---I'.I"."-I'It'..."l.‘.'--""--lil‘.I.C"‘.




Please try to be as complete as possible on this qusstion. include your Civil (noncommercial-private), airline
and military flight experiencs in this table following the sample given. Place a check in the smali box for those
aircraft for which you hold a “type” rating. _

Sample .
Crew Position
f'“‘,'"l . Pilot Copilot Inetrument m Other ‘
8707 c we | 300 |z2850 | 212004
a y . . .
m m Dete -’ﬁ"f/” #"'#7’ / ¥“¢%q\/
4 ,
Lcmum + Check one for LFmIToJ : ineert total hrs at top of
if "type"” ¢ = civil . box .
' rated a = girline |
' m = military .
. r Crew Position
Aircraft Fliah
Type/Model . ; ight
ype : ~ Pilot Copilot Instrument | g e Other
c Hrs
a
l l m ‘Date
c Hrs
a
I_ m Date
¢ Hrs
a
m Date
¢ 4 Hrs
a .
[,'— m Date |-
¢ Hrs
. a . '
I I m | Date
¢ Hrs
- a
I ""] m Date
¢ 4 Hrs
. a .
m Date
c :
Hrs |
_ . .
m Dgte

B-3




2.a Total hours flown (5pprox ) 2b. Years flying since solo:__
not including Flight Engr:-

*

3. Have you had any R&D experience as a member of a develepment project team
for an advanced f11ght ceck design?

Yes . i

If yes, please describe_experience
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FSM DISPLAY AND CONTROL GUESTIONNAIRE
INSTRUCTIONS

Boe1ng, Douglas, and Lockheed are conducting a study for the FAA to develop a .
Flight Status Monitor (FSM). This system will be dﬁsigned for implementation

- into future commercial aircraft, for the. purpose of providing crew alerting

for non-normal situations, guiding the response to these situations, and

-.giving the crew feedback as they‘reSpond. The system will be flight phase

adaptive and will have alert prioritization and categorization capabilities,
as well as the potential for alert inhibition.

The team has constructed several candidate display and contiroi systems. These
candidates represent initial attempts to develop FSM concepts. As pilot input
is fundamental to the design of such a system, your participation is requested.

Please fi11 out the f011owing questionnaire as best you can. Notice that
after each question, space is provided for an explanation of your response.
Please use this space (and the back side oflthé naper if necessary) to provide

‘a sufficient.amount of information, so that we may adequately interpret your

answers. A 'jes' or "no" response is much more meaningful when clarified than

-when not.

Thank you~for your time and effort.

(Examples and f1lustrations have been provided where it was‘felt clarification

. was necessary. If you have any questions, please contact Don: Hanson or George
~ Boucek at (206) 655-8626/2008.
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The guidahce and feeddack functions of the Flight Status Monitor are performed
. by the procedures and status displays and their associated controis. The
- following questionnaire will be directed toward these three topics.

I. Procedures Display

_ The purpose of this display is to provide the flight crew with step-by-step
procedural information which will permit them to respond to non-ncrmal
situations. This diéplay will have the capability of providing information
that is currently presented in the Flight Manual and Operations Manual. The
procedures display would also have the capabf]i:y of presenting checklists for
normal operations. The picture presented as Figure B-1 is a possible format
for the procedures display.  Please answer the following questions concerning
the display: -
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1.

2.

LELet

Compared to the operation of using the Quick Rererence Handbook and
Flight Manual for non-normal procedures, rate the effectiveness of using
a procedures display to provide the handbook 1nfonmation.

Current operation much better

Current operation somewhat better

Both about the same

Procedures DisﬁIa& somewhat better

' Prccedures Display much better

Comments

Check the situation in which the procedures disp\ay should be used.
AN non-norma1 conditions

Harning-leve1 alerts only

Warning and caution.1e§ei alerts

A1l normal and non-normal procedure§

No u§e at all

B-8




3.

4.

Hhat'type of information should be presented on the procedures display?

(Check all that apply)

Action i.ems necessary to perform a procedure (e.g.
— THROTTLES CLOSE .ccceesss.CLOSE)

Pertinent information (not a specific action item) relevant to the
situation and the conduct of the flight (e.g., WHEN STRUCTURAL
DAMAGE SUSPECTED. AVOID HIGH IAS & ABRUPT MANEUVERING).

An indication that the action item has been completed (e.g.,
— change action items, color, or size, or brightness o

Other (specify)

Comments

| Comments ‘

Should the procedures display present procedural information only
(dedicated) or could it be used to disglay other flight information
{eﬁg.i m?ssages, fiight profiles, etc.) when no procedures are present?
check 1) - :

Dedicated
MuItifunction

. g.g




5. How many procedural steps (action items) should be presented on the
display at one time? ,

One: current step ohly
Three: current, pést and next steps

A1l actions for a procedure

Other (please specify)

Comments

6. Which of the following formats do you prefer for action item presentation?

B T R p— -- ON
___PUMP 1 cemmceeeeee ON
____ TURN PUMP 1 =eeeeen- ON
_____ TURN PUMP 1 ON =---- ON
. OTHER

Comments

8-10
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7.

8.

}n gener?1 when should abbreviations be used in 1isting the action {tems?
Check 1 :

___ Always

_____ MWhenever an abbreviation is used on a particular display, it should
~ be used throughout that particu\ar display to be consistent '

Whenever an abbreviation is used on one display, it should be used

on all displays to be consistent

______Only when needed to compress an action {tem into one line of the
— display

Never

ther {please specify)

Comments

Referring to the first action item of Figure B-1, “CHECK THE.LE ALTN FLAP

LIGHT

OUT .... CHECK <", If more than one actfon item is displayed at

one time, which indicator should be provided for the current action {tem?

Symbol to the left of the action item (*>*, "**)

Symbol to the right of the action item (">", “**)

Symbol on both’ sides of the action item (">*, ™**)

Color code the action item

Brightness code the action ftem

Other

Comments

Flash the action {tem
A.cbmbinatiqn of the above. specify

No indication is required

Bfll
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9.a. How should the crew be provided feedback that an action item has been
- completed? (Rank the following methods from 1 to 7 with 1 being the most
preferred and 7 being the least - mark an “x" beside the ranks for those,
methods you consider unacceptable)
Completed items removed from screen
Completed item different color
Completed item different size
Place a symbol (">* or "**, etc.) in front of completed items
. Completed items indented two spaces

_____ Message changes for completed item - e.g., pump 1.....on
to pump 1 on

Combination of apove
Feedback not necessary

_____ Other (specify)

b. If changing color were used to indicate the completed 1tems, which is
more appropriate?

Green for completed items, white for incompleted ones
White for completed 1tems, green for 1ncomp1eted ones

for completed {tems for incomplete ones
n T 1n)

Conmments

B-12
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10a. If ‘the procedure is tco long to be presented o¢n one page, how should
multip‘e pages be 'Indicated?

- ~Symbol at bottom left of.e'ach page (" *)

____ Symbol at Lottom right of each page (* *)

_____ Page number at top. right of _each page ("2 of 4")
_____ Page number at bottom right of each p’a'g'e ("2 of 4")
_____¥ord at bottom left of each page (“continued*, “"more”)

Word at bottom right of each page (e.g., continue".
— "more"? . _

Indication is not necessary |

Other (please specify)

Comments

~10b. If the procedure is too long to be'presented on one page, should

provisions be made to permit the crew vo read and page through the
checkHst before taking any action? -

Yes it is absolutely essential
It would be a benefit but 1t is not necessary
No, 1t is not needed

Comments

h \\\ o 8-13




11. Should voice messages be used to present action ftems? {e.g., “THROTTLE
CLOSE" o “THROTTLE") Check as many as appropriate.

a.  Voice messages should be used:
As the sole source of information
_ In combination with the visual display
_Lpon crew ¢ommand by a dedicated switch

Automatically, after cancellation of the master caution and
warning switch

Automatically, after the coﬁp]etion of each action item

?ever voice messages should not be used to present action
) tems _

~ . b, 1f. voice messages Sre used, they should be:
Repeated automatically at specified time intervals
Repeated upon crew request |

Other (please specify)

Comments

|

12. Which of the following presentation formats should be used to present .
voice messages?

“TURN PUMP 2 OFF*
. "PUMP 2 OFF"
"PERFORM STEP®

Thevvoice message should match -the visual message whatever it {is.-

e Other

Comments

R 8-14
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13.a.7

b.

How should the procedures display be called up (i.e., initiate action
item presentation, move to successive pages, and clear the display)?
(Check as many as are appropriate.) .

(See Figure B-2)

Avtomatically, when an alert first appears on the alerting
alpranumeric display

Automatica11y, after canceIlation of the master caution and
warning switch

' ‘Automatically, for warning alert and manua!iy for other
alerts _

Manually, by pressing a line select key on alerting
display

Manually, by pressing a line select key and then pressing
the “PROCEDURES" OR “CHECKLIST" key on a dedicated :
keyboard

_____ Other

How should the crew interact with the procedures d1sp1ay? (This does
not include performing the action items.)

By voice command '
By touéhing the display surface

?y pressing dedicated keys adjacent to the action
tem

By using a separate keyboard

" Comwments , e
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14.a.

15.

If the crew is in the middle of a checklist for a caution or advisory-
level alert, and another alert occurs, how should the incompleted
checklist be handled? (Assume the new alert is the same alert level)

Remove and store the current checklist and display the new
— checklist

Display the current checklist until it is complete and then
display the new one

Display both checklists with the current one at the tOp of the
display and the new one on the bottcm

Display both checklists with the current one on the bottom of the
display and the new ore on the top

Have the new checklist integrated with the current checklist. The
integrated checklist items would be rank-ordered by criticality.

Other (Specify)

Comments

b. What would your response have been if the new alert war a
warning-level alert? Mark the selected response with a "W".

Should the procedures display be cleared autcmatically after the last

action has been performed, or should the crew be required to manually
clear the display?,

Automatically

Manually by crew

Comments

B-17
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16. After an alert is signalled, and perhaps simultaneously with the display
" of procedures, tiiere are a number of pieces of information that can be
presented. Mark the following in the order you would like to see them
(1 = the first information needed and 4 the last) "

" Afrcraft status information (including operationa1 1{mitations)
which permit the crew to assess the situation with respect to the
establishment of proper flight path and airplane configuration.

System status information permitting the crew to evaluate the
T :¥?t§: that caused. the alert and its potential effect on the
' g . .

Procedural status information providing the crew a graphic'repre-
sentation of the subsystem component which will be manipulated by
the first action item on the procedures display. :

A .combination of the above (please -specify)

Comments

- B-18
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I1. Status Displays

The purpose of the status display is to provide the crew with feedback .
concerning the present status of the flight and the aircraft and its
systems. The information p.esented on this display encompasses a number
of levels of information.

0 Aircraft Status - Provides an overall indication of aircraft status
including the operability of all control surfaces, engines, flight
controls, landing gears, etc. In addition, alphanumeric informa-
tion 'describing the impact of degraded system capability will be
provided (i.e., operational limits, diversions, environmental con-
straints, policy, etc.) Figure B-3 presents an example of an air-
craft status display. : ‘

(] Failed System Status - provides a representation of the system that
. has produced the alert situation. The information presented about
- the system would include switch and valve position, operation
' parameters of the system (flows, temperature, pressures, etc.) and
malfunctioning components. Figure B-4 is an example of the Failed
System Status Display. . _ '

o Procedural Status - as the procedural action items (checklist) are
being performed, the crew may interact with various aircraft
systems or system components. The procedural status display pro-
vides the crew a representation of the system or system component
being addressed by the action item being worked. Figure B-5
presents an example of this display. ’

o . Information - the lowest information level of the status display
present the supplementary information currently found in the
handbook. Figure B-6 is an example of this display.:

Please answer the fol1owinglquest10ns concerning the status display.
A. - Aircraft Status Disﬁ1ay ' |

1. H$w :mgortant do you feel it is to provide the aircraft status for
alerts? o : - ' :

Necessary

|

. o : . Beneficial
Not needed

May have negative effect

1]

Unacceptable

Comments

B-19
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3.

© Comments

What 1nformat*on should be presented on the aircraft status
display? (Check all that are appropiiate.) {(Refer to Figure B-3)

System faults (e.g., failed hydrau11c pump or failed
generator, etc.)

____ Operational status of the Comm/Nav. Equipment (i.e., radios,
— guidance equipment, etc.)

-Og:rationaI'status of landing gear, brakes, steering tires,
etc. :

OpeiationaI status of the engines

OperationeI status of flight control surfaces (i.e., flaps,
stats, rudder, etc.)

Operational limits (i.e., speed 1imits, dieersions.
environmental constraint, policy, etc.) .

Comments

Which mode(s) of presentation should be used to show aircraft
status?

‘Written list (e.g., operational limits, diiersions.,etc.)

Pictorial outline of aircraft and pictorial representation of

— the systems as shown in Figure B-3.

cpabination of the above

Other -

8-24




4. 'How should i.formation be coded or formatted on the aircraft status .
display? (Check all that are appropriate) ‘

System symbols or characters should be color coded according to -
alert urgency level generated by the failure condition

System symbols or characters should be brightness coded according
to alert urgengy 1eve1 generated by the fatiure condition

System symbols or characters should be color coded according to

operational status using colors other than those used for .crew
aﬁerfing Tred and amber may not be used) ,

LAl A

System, symbols or characters should be brightness coded according
to operational ‘'status

Symbol, shape, or written messages should be used to indicate
— operational status

Quantitative information, (i.e., operatlonal limits) should be

presented in analog form (e.g., speed limit bars, flap limit
drawing, etc.)

L o Al hon an on g - o e
el . L
[ ]

Quantitative information should be presented in digitaT form
Other '
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6.

How and when should the afrcraft status display be activated? (Check
all that apply) . .

—_— Automatical'ly_. at flight p'hase change

___ Automatically, when the alert occurs -

e Automaticany, when the procedure di spuy is activated
. Automatically, at the comp1etion of the fault procedure
______ Manually by pressing a switch

—_— Manually by voice comand '

Comments

System Status Displays (Failed-System and Procedures System Status)

1.a. How important is the fafled system status display in assessing
system/aircraft condition? (Refer to Figure B-4) .

—_— Absol ute1y necessary '
____ Beneficial
—__ Not needed
_____May have a negative effect
' — Totally unacceptable
b. How 1nportant is the procedura! systems status display in
g:;zgem;?g the non-normal procedures for a1ertc? (Refer to
. Absolutely necessary
—__ Benefici 2l
_____Not heeded
—_May have 2 negative effect
____ Totally ‘unacceptable .

Coments_
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.Comnents

What should be presented on a systems display? Mark all that are
appropriate. (Use an “F" for those that are appropriate for ’
failed-system status and a "P" for those appropriate for
procedural status)

Operational status of the system components, f.e., position
of switches, state of pumps, etc.

Quantitative parameters, i.e., temperatures, pressures,
levels, flow rates, etc.

" Faulted components

Trend information, {.e., near limiting condition and
abnormal rates

Other

Comments

Should the faiied-system status display provide greater levels of
detail upon demand?

- Yes

Comments

What type of presentation shouid be,used for system status?
Written lists ‘
Schematic diagrams, as i1ustrated in Fignres 8-4 and B-5
Pictorial representative

Combination of the above. Specify

_I'I-'Il
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Comnents

How should the system status information be coded or formatted?

(Check all that are appropriate. )

_____Symbol or character ‘color coded accord1ng to a]ort urgency
level generated by the Tailure condition -

Symbol or character brightness code according to alert
urgency level genera y the failure condition —

Symbol or character color coded according to ogerationa1

status using colors other than those used for crew a er ing

{e.g., red and amber may not be used)
Symbol or character brightness coded according to & opera-

tional status

Symbol, shape, or written message which change according to
operational level

Quantitative information disp1ayed'on an analog scale (e.g.,
speed 1imit bars, flap limit drawing, etc.

Quantitative information displayed digitally

Other

8-28
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11,

How should the crew interact with the status display (e.g., system

selection, paging, and erasing)?

Dedicated switch(s) on the display-control panel

A touch panel overlay on the status display
Voice command

Comments

Multifunction switch(s)”on a multifunction c&ntro1 panel

B-29
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System Contrcls

Six candidate concepts for'FSM design have been developed. The FSM
concepts differ in their level of automation: manual, system aided and
automatic. Therevére two FSM display-control concepts under the manual
category: 1) manual display callup after an alert and 2) automatic
display callup after an alert. With the manual method, aircraft system
reconfiguration is accomplished on the systems overhead panel. The.
systems aided concepts include automatic display callup and the aircraft
systems are controlled by innovative concepts in conjunction with the.
FSM displays including voice interaction, touch panel overlays, and a
multifunction keyboard. The last concept is automatic reconfiguration
which only requires the crew to give a go-ahead signa.. This concept
may be used in conjunction with any of the above concepcs, but for th1s
study it was implemented only in che multifunction keyboard concept.
These concepts are described in more detail in the following paragraphs.

Basic Concept

The operation of the Basic concept is as follows. After an alert

.occurs, the crew cancels the master caution and warning indicator and

reads the alert'display to identify the fault. By pushing the line

select and CHECKLIST keys, the alert procedure is displayed on the
procedures display. If the crew pushes the STATUS key, the aircraft

status is presented on the status display. By selecting the STATUS key

" again, the FM w11| disp1ay the system with the first procedural action'

{tem.

The crew reads ‘the checklist and performs the necessary actions on the
overhead panel. If there {is more than one page of procedures, the com-
pletion of the ftems on the first page will bring up the next page. B8y
pushing the CHECKLIST key in rapid succession the crew may step through
the procedure pages. After the procedures are completed, the crew ma,

-step through the status pages by pushing the STATUS key. After

cdmpleticn of the checkiist procedures, the displays will be cleared.
The alert message is removed from the alert disp1ay after the alertirg

8-30




situation no.longer exists, otherwise it may be cleared by line
selecting the alert and selecting STORE.

Basic Concept with Automatic Display.

This concept is the'same as the above concept éxcept when the crew
pushes the line ‘select key, the procedures and status displays will be
brought up automatically. As the crew completes all the aciions on a

- page, the next page will appear automatically. After the procedures are
completed the crew may step through the remaining status pages.

Touch Panel Interactive Concept

In this concept, the procedures display and status display (aircraft
status page) are called up by the pilot selecting the line address key
on the alert display. The pilot performs the actions directly on the
status display by using a touch sensitive surface. After stepping past
‘the aircraft status page, the status display will ¢ontain a schematic
representation of the first action-item system with computer generated
touch keys to reconfigure the system. Faédback information is presented
on both the procedures and status displays. Each action item will have
a corresponding schematic diagram on the status display. This display
is also tcuch interactive for calling up more detailed information, if
, desired.

- Voice Interactive Concept

This concept uses voice. for bcth messages and controf of the displays

- and aircraft systems. Voice control actuation is optional, and both the
displays and systems may be manually control!ed as described under the
Basic or Touch Interactive concepts. Voice messages are used to direct
the crew's attention to alerts and to the actions to be performed if the

alert is a time-critical alert.

- After pushing the line select key, the pilot say select voice _
1nteraction by ‘depressing tao voice key. Aftur the displays are ca11ed

8.31 "




up,” the crew would select the first action item by saying “next" and the
first action item would be annunciated. If the crew wants tle message
repeated they would say 'repeat'; To execute an actiin item, the crew
says, for example, "pump 1 off" and the action is completed. The crew
continues this process unti! all the procedures are completed. Feedback
' is presented visually on the procedures and status displays and may be
presented by voice_mességes. After the procedures ar2 completed a voice
message is given to that affect.

Multifunction Keyboard Concept

This concept uses a multifunction keyboard with programmable keys and a
scratchpad. The scratchpad display precents the alert procedures. Air-
oraft status is provided on the'sxatus disp1ay.. The multifunction
keyboard presents the sequence of control actions. “This concept has

. also been termed i'Directed'SeIec:tion" because the multifunction keys can
be programmed to present the sequence of actions to be taken by the crew.

The operation shows that after selecting the alert, the action items
appear on the scratchpad. The actions that are interactive with the
aircraft systems are presented in sequence on the multilegend keyboard.
To perfonn the action items, the pilot must depress the corresponding
imultifunction key. This procedure is continued until all ftems are
completed. Feedback is provided on the scratchpad and on the
~multifunction. legends. '

" Automatic Reconfiguration Concept'

Any of the systems aided concepts could 1ncorporate pilot-initiated auto-
matic systen reconfiguration. For demonstration purposes, the mul tifunc-
tion keyboard concept was used to evaluate the feasibility of this
control method. This concept requires the same steps to call up the

- scratchpad display. However, the crew has only to select one key to’
initiate the corrective action. Action and stztus {eedback are

presented upon the scratchpad display.’ The crew has the option to stop’
. the reconfiguration at any time. R A

‘o .
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1ne following questions concern the method the crew uses to interact
with the Flight Status Monitor. '

" 1. Rank order each concept of performing the aotion item according to each
of the following criteria. Place a “1" next to the most preferred
“concept and "5" next to the least acceptable concept for each criteria.

‘ : Ease of :Probability: Ease of : Overall .: Overall.
Concept : 'Use : of Error : Training .0perabi1ity : Desirability
. Dedicated : 3 : : : S
System Panel - : I : e :
MuTtifunction : : : B - :
Keyboard : : : d 3
Touch Panel : : :
Voice Command : : : :
- Automatic - : : : :

Rumﬂwnﬂm;

< Jow

Comments

2. 1_«For a touch panel interactive system; which do you prefer? '

Touch area on the procedures display next to the procedural action
items without a status display

' Touch area on the procedures display next to the procedura] action
' items with a status display

Touch area over the component symbol on status display,. {.e. you
touoh the component you wish to change with a procedures display

Action {tems abpearing'oh the status display which has the touch
area over the componentslsymbols without a procedures display

Other

comménts
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3.

4a.

-'COmments

. Comments

| If SUbsystem/system panels can be displayed and operated via touch
interactive displays, would dedicated aircraft subsystem control panels
still be required? (Assume that sufficient redundancy is provided to .

. ensure system reliability)

Yes

No

Comments

Should voice control be used as input to the FSM?
Yes it is a necessary component

_It would be a beqefii but is not necessary:

R § * shbuld hot be used

____ Other |

If voice control is used, which of the following confiqurations do ycu
prefer?

Voice control only
o——r—
"~ Yoice in combination with a dedicated systems panel
Voice in combination with a mu1t1function keyboard
Veice in combinationlwith a touch panel

_ Other _

B34




5, Fd¥1W?ich FSM function(s) should voice control be used? (Check all that
apply .

. Ca111pg up the procedures:display
_____Calling up the status display
Cancelling thée masters aler;s
R Selecting alerts for 41sp1ay of procedures/status’
;_____ Storing, recalling alerts '
. . ____ Performing procedural action items

Other

Comments

6.  How should vojce control be actuated?

Dedicated or muitifunction switch on a display-control panel
(e.g., Figure B-2) v

¥nee switch

Mike switch

Voice command (using a code word)
Always be active during operation

Other

Comments
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7.

8.

If multilegend keys are used on a multifunction keyboard for system
control, what should be presented on the legends?

Procedure step number
Procedure action {tem

Identification of systen component requiring reconfiguration

Other

Comments

If an automatic reconfiguration system is used which of the fo11ow1rg
features shou]d be 1ncorporated? (Check all that apply)

_____Capability should be crew selectab1e

Crew should have capabi]ity to see previous configuration (After
automatic reconfiguration completed

System status should be provided after reconfiguration

Automatic sequence should stop short of critical action item,
{e.g., engine shut down, gear up/down)

Crew shou!d have the capab111ty to stop the automatic sequence
" Other

Conments
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9. If ‘you had the responsibility for developing an FSM, which controls and

displays would you implement to provide crew guidance and status
information? - : _

Controls

Displays




