
AD—A069 708 FEDERAL. AVIATION ADMINISTRATION WASHINGTON DC OFFICE .ETC F/S 1/2
A IRCREW PERFORMANCE ENHANCEMENT AND ERROR REDUCTION (APEER) .(U)

UNCLASSIFIED FAA—E M—79—3I TP’ NL

~fl~DUDUiE1IU~



iF-/~L.- t~1~-7q.-.3(TP)

• . ARTMENT OF TRANSPORTATION

-- —.-

~ 

-- ~~~~~~ --.-~~~~~ 
_

‘
~~AIRCREW PERFORMANCE ENHANCEMENT• AND ERROR REDUCTION

(A~EER) F

411s0

Submitted to the Subcommittee
on Tuanspiirtalloo, Aviation

and Communications Committee on
Scienc, sod Technology
lieu.. of Ra~wessntativss

>- •
0-

Document 1* available to the U.S. pubflc through
the Nationa l Technical Information Service,

- Springfield,_Vfrginia 22161.

FEB~~~~~~~ &*79~

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION - -

~

Office of Systems Engkieering Management 4”~ / ~ -‘~~~~

WashIigton, D.C. 20590



¶ Technical Report Documentation Page
1. Raport No. 2. Gov. rnm.nt Acc.ss ion No. 3. R.cip,.nt ’. C.t.I.g N..

_FAA-~ 4-79-3CTP) /
4. Tit l i and Subt itls 5. R.port Dot.

Aircrew performance enhancement and error Feb. 1979
reduction (APEFR). 6. Perf ormi n g Organ izet ion Cod.

____________________________________________________________________________ 
I. P.,f, rmi ng Organization R.po rt No.

7. Au thor 1.)

__________________________________________________  FAA-H4-7~9~3 (‘rP)
9. P.,form ing Organization Nam. and Add ,... 10. Work Unit No. (TRA IS)

Federal Aviation Administration __________________________

Office of Systems Engineering Management ii. Contrac t or Grant No.

Washington, DC 20590 __________________________
13. Typ. o f R.por t and Per iod Cov.r.d

12. Sponsor ing Ag.ncy Ham, and Add r..s

U. S. Department of Transportation
Federal Aviation Administration _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Office of Systems Engineering Management 14. Sponsoring Ag.nc y Cod.

Washington, DC 20590 ____________________________

15. ~upp i.in .n,ory Not .s

J6. Abs t ract

Historically, pilot error is involved as a factor in approximately 60% of air
carrier and 88% of general aviation fatal accidents . Pilot error , however, is
only a symptan of an t.mderlying disease in the design and operation of the aviation
system, including the aircraft, the ATC system, and institutional factors affecting
aviation. In order to minimize errors conmiited in the cockpit , it is necessary to
intensify our efforts to see that human capabilities and limitations are an integral
consideration in the design and implementation of our futur e aviation systems .

The (APEER) program is a systems engineering approach to pilot error problems, which
canplements the human-oriented research that is conducted by the FAA’ s Office of
Aviation Medicine. The objectives of the program are to develop information and
principles for the design of cockpit and ground systems which: (1) induce the
minimum number of errors by designing for maximum man/machine ccmipatibility, and (~)resist the occurrence of chains of events leading to catastropic results by design-
ing in error tolerance. An additional objective is to build up additional internal
FAA expertise in the human factors area in order to better support FAA regulatory

• and other safety fi.uictions in this critical area.

17. K.y Wor ds 18. Distr ibution St.t.mant

Document is available to the public
through the National Technical Information
Service, Springfield, VA 22151.

19. S.curi ty Classi f. (of th : s  r.p,.tJ 20. S.cu ,or y Class.t . (of th is p.g.) 21. No. o f F0 11 22. P , , r r

Unclassified Unclassified 8
Form DOT F 1700.7 (8—72) Reproduction .1 compl eted page authorized

~~~~~~ ——— -• - ——a- - — - -



- ~~~~~~~~~~~~~~~~~~~~~~~ -,-

JAN~• ~C79

AIRCREW PERPOBMAMCE ENHANC~~ENT AND ERBOR REDUCTION

(APEER)

TECHNICAL PAPER

Backgroun d

In Dec ber, 1974 , a TWA 727 crashed into Mount Weather just vest of
Dulles Airport because the pilot misunderstood certain critical parts
of his clearance. A subsequent special Task Force formed by the DOT
to study the PAL safety mission recomeended that the “PAL undertake
a major safety research program to assure that future systems are
designed around reasonable crit eria for human error. ” Meanwhile, the
FAA Office of Systems Engineering Management had undertaken an

• in—house study to identify the human factors problems associated with
both air carrier and general aviatiou accidents and incidents • The
resui.ts of this study were briefe d to industry and government groups
and the feedback used to formulate a program of human fac tors research
to supplement a number of ongoing TM proj ects specifically aimed at
reducing pilot error . These ongoing and new projects were pulled
together under a central focal point and entitled the Aircrew Perfor-
mance ~‘shami cement and Error Reduction, or APEER , program.

Introduction

Historically , pilot error is involved as a factor in approximately
60% of air carrier and 88% of general aviation fatal accidents. Recent
data from the NASA Aviation Safety Reporting System indicates tha t
pilot error is also a significant factor in aviation incidents. Further ,
as aircraft powerplants, airframes, and systems improve, and as aircraft
flight envelopes open to higher perfor mance capabilities and lover
m(r~4mstm m, the occurrence and consequences of pilot error are expected to
increase in proportion to other factors .

Pilot error, however , is only a symp torn of an underlying disease in
the design and operation of the aviation system , including the aircraft ,
the LTC system, and institutional factors affecting aviation . In order
to —f-n~-~~~e errors comaitted in the cockpit , it is necessary to intensify
our efforts to see that h~zaan capabilities and limitations are an
integral consideration in the design and implementation of our future
avia t ion systems.

Objectives

The APEER pro gram is a systems engineerin g app roach to pilot error
problems, which complements the human—oriented research that is conducted
by the FAA ’s Office of Aviation Medicine. The objectives of the program
are to develop informatiot and principles for the design of cockpit
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and ground systems which : 1) induce the ~dn4~e’um number of errors by
designing for maximum man /machine compatibility, and 2) resist the
occur rence of chains of events leading to catastrophic results by
designing in error tolerance. An additional objective is to build up
additional internal FAA expertise in the human factors area in order
to better support FAA regulatory and other safety functions in this
critical area.

Program Overview

Th~~~n factors projects falling under the purview of the APEER program
are being executed by the FAA’s Offic e of Systems Engineering
Management (OS~~I ) ,  the Systems Research and Development Service (SRDS) ,
the National Aviation Facilities Exper imental Cent er (NAI’EC) , numerous
FAA contractors , and jointly with NASA, in several cases . One of the
jo int proj ects with NASA is designed to study var ious distributions of
responsibility for AIC functions between the pilot and controller , and
other advantages and disadvantages associated with cockpit traffic

• displays . Other major projects in the APEER pro gram include :

Cockpit Information Requir ements Analytical Study

• This proj ect will analytically project the impact of the evolving ATC
system and evolving aircraft systems on the inform ation require ments of
the flight crew. A reques t for proposals for this study has closed and
several excellent bide have been received . Results should be available
13 months after contract award.

Cockpit Systems Integration

Ground—based system improve ments currently under development by FAA and
• aircraft system improvements being developed by NASA and the industry

will put much more information in aircraft cockpits in the future . The
project above is designed to analytically study and collate these
information requirement s, but work is also needed to develop means of
handling the information in the cockpit s of conventionally instrumented
and electronically instrumented aircraft. A project is’ being planned ,
jo intly with NASA, to study information integ ration concepts for
conventional and advanced aircraft

General Aviation Human Factors Study

Although the origin al APEER analysis identified a number of specific
general aviation huaan factors problem areas , many of which are currently
being addressed as part of other pro j ects , a more in—depth study is
needed to refine the analysis and prioritize future research
requirem ents . A contract is being awarded for such an in—depth study ,
to includ e general aviation accid ent and incident data, literature
search , and ~t dustry survey . The RIP for this study has closed and bids
are being evaluated .
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Pull—System Simnlation

A significant port ion of aircraft acciden ts and incidents involving
human factors problems are associa ted with the int erface between the
pilot and the air traffic control system. A very effective technique
for studying and solving these problems , known variou sly as full-
system or full-mission simulat ion, has been developed by NASA and
the airlines • However , a full—system simulation capability involving
engineering simulators and a full—capability air traffic control system

• siwal Rtion does not currently exist • The purpose of this project is to
tie various engineering s(~~’lators in NASA, which represent a wide
spectrum of aircraf t classes and types , to an extensive ATC s4~~’lation
capability at NAIEC, thus creating the opport unity to study human
factors problems in an oper ationally realistic , pilot—and—co ntroller—
in—the—loop enviroument. This capability will first be used , and is
being developed as part of the cockpit traffic display program , but

• is expected to have a plethora of other uses related to human factors
investigations

Pilot Workload Assessment

One of the most difficult , yet important human factor probl ems presently
facing researchers is the reliable , accurate , and consistent measure of

• pilot workload. Of the many techniques used today, simply asking the
pilot how hard he is work ing is still one of the most tru sted and widely
used methods, However, the Cooper—Harper rating scale currently in
use to quantify pilot subjectiv e workload assessments was developed when
cockpit workload was a funct ion pr imarily of aircraft handl ing
qualities . The FAA is currently developing and validating through a
grant with the Massachusetts Institute of Technology , a new subjective
rating scale bas ed on ATC—orie nted workloa d for use in human factor
investigations.

Computer-Aided Decision )1~king

The intent of this project is to ~~a~n{ne the potential for using
artificially intelligent computer technology to implement a strategy of
“adaptive automation” in a highly automated cockpit. A grant has been
awarded to the University of Illinois to study the implications of
using an artificially intell igent computer interactively with a flight
crew in such a way that the functions performed automatically by the
computer are not fixed, but are ada pted to the particular flight
situation so as to prevent both overload and underload of the crew.

General Aviation Human Factor Resea rch Laborator y

General aviation operations are currentl y the most significant of all
growth areas in aviation. The significant growth in general aviation
operations under Instr ument Flight Rules (IP R) are a particularly
important trend because it means that low—cost , simplified ways of
participating in the evolving, highly—automated ATC system must be an
area of continu ing effort for FAA . To this end , the FAA is presentl y
establishing a flexible general aviation cockpit environment equipped
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to study information presentation , workload, c~~~unications, and other
human factors probl ems in the context of low-cost, limited—crew operations .
This facility is being developed at NAPEC and form s part of the joint
NASA/FAA full—system simulation capabi lity described above .

Cockpit Alerting Systems Standardization

The use of a broad spectrum of visual, aural , and tactile alerts in
current generation jet transport aircr af t , combined with potentially
inconsistent design philosophies f or future cockpit alerting systems,
has caused the FAA to undertake an effort to bring the three major jet

• transport airframe manufacturers and a busines s jet manufacturer together
to develop design guidelines for functionally standardized cockpit alerting
systems . This project is expected to minimize such human factors proble ms

• as missed alarms , premature cancel lations , confusion of alarms, erroneous
responses to alarms , and the like, by reducing the number of alerts and
functionally standardizing the major features of thi s flight critica l
system from aircraf t to aircraft.

Head—Up Displays

Approach and landing continues to be statistically the most accident prone
phase of flight . A frequent cause of such accidents are problems associated
with the transition from electronic to visual guidance , particul arly during
low visibility conditions . Jointly with NASA, the FAA is currently investi-
gating the advant ages and disadvantages , in ter ms of safety during the

• approach and landing for civil jet tr ansport aircraf t , of comb(”{ng preci-
sion electronic guidan ce information with visual information in front of the
aircraft windscreen by the use of Head—Up Displays . This concept has been
used successfu lly for some years by the milita ry for air combat missions
and is seeing limited use in Europe for approach and landing .

Collision Avoidance Displays

Significant probl ems exist with regard to the ability of pilots to see,
interpret , and properly respond to collision avoidance information . FAA
is currently studyi ng pilot respons es to various methods of present ing
collision avoidance information in the cockpit , varying from simple alpha—
numeric displays to full electronic displays of traffic infor mation .

Like other disciplines such as electronics and structures , human factors
is an element of alnost every research proj ect conducted by FAA . The
proj ects described above, however , constitute the majority (although not

• all) of the FAA’s project. which relate primarily to ~~(n(~~1~~iug human
erro r in the cockpit. Other APEER projects underway are examining pilot
tr&4-n(r~g, visual guidance, and other areas which might contribute to
reduced pilot error .
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Equally as important to aviation safety as reducing pilot error ii the
requirement to ~~(I~I~~4 55 controller errors. The FAA is currently
developing a controller human facto rs program known as the Controller
Performance Enhancement and Error Reduction (CPEER) program, to
complement the pilot—oriented APEER program . Many of the pro jects described
above will be executed with parallel projects to investigate controller
problems and, in particular , the full—system sl~~i1ation capability will
permit controlle r studies to be conducted in a full-workload environment
with real pilots and procedures .
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MILESTONES

Cockpit Information Requirements Analytical Study

Award contr act — 2nd quarter P7—1979
Complete Phase I (Information Breakdown Structure)—3rd quarter P7—1979
Complete Phase II (Collation of Ra quirem ents)—lst quarter P7—1980
Complete Phase III (Cockpit Integration Impact) —2nd quarter PY—1980

Cockpit Systems Integration

Complete pl~nTdi g with NASA — 4th quarter P7—1979
Begin conventional aircraf t studies — 1st quarter P1—1979
Complete Inform ation Requirements Analytical Study — 2nd quarter P7—1980
Begin advan ced aircraft studi es — 3rd quarter F!—1980

General Aviation Human Factors Study

Award contr act — 2nd quarter P7—1979
Complete study — 2nd quarter P7—1980

Full—System Simulation

Complete simulation plan — 2nd quarter P7— 1979
Complete wide—body cockpit simulator — 4th quarter P7— 1979
Complete narrow-body cockpit simulator — 1st quarter P7—1980
Complete general aviation cockpit simulator — 4th quarter F!—1979
Complete ATC interface — 2nd quar ter P7—1980
Complete flight test capability — 2nd quarter P7—1980

Pilot Workload Assessment

Complete workload definition studies — 1st quarter P7—1978Award grant — Massachusetts Institute of Techno logy — 2nd quarter P7—1978
Complete draft subjective scale — 2nd quarter P7-1979
Complete subjective scale refinement — 4th quarter P7— 1979
Begin subjective scale validations — 1st quarter P7—1980

Computer—Aided Decision M&k{ng

Award grant — University of Illinois — 1st quarter P7—1979
Complete flight crew interviews — 4th quarter P7—1978
Complete wide—body system test bed — 3rd quarter P7—1979
Complete artificially—intelligent software — 4th quarter P7—1979
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MILESTONES (Continued)

General. Aviation Unman Factor Research Laboratory

Complete systems design — 2nd quarter P1-1979
Install electronic displays — 3rd quarter P7— 1979
Install human factor instrumentation — 3rd quarter P7—1979
Initiate first human factor studies — 4th quarter P7—1979

Cockpit Alerting Systems Standardization

Award contract — 2nd quarter P7—1979 I -

Complete design studies — 3rd quarter P7—1979
Complete hardware designs — 1st quarter P7—1980
Complete competitive testing of concepts — 2nd quarter 77—1980

Read—Up Displays

Basic vision studies — 4th quarter P7—1978
Flight tests — 1st quarter P1—1979
SlRtiThtor studies — 2nd quarter P7—1979
Pull—mission studies — 4th quarter P7—1979

Collision Avoidance Displays

Award contract — ABINC Research — 4th quarter P7—1978
727 SImitilator studies

Phase I — lat quarter P7— 1979
Phase II — 2nd quarter P7—1980
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