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ABSTRACT

)
This repo rt p resen ts  r e s u l t s  of a s t u dy  to: (I) ~eve1op descriptive

i n t o r n a t i o n  f o r  t he Huma n Fac tor s  Engineering p rocess  in sys t e m development ,

(2) e’.al tate the Computer Aidtj Function—Allo cation Evaluation System (CAFES)

t r  at~i lJ tv to  support the process and for desirable refinements; and (3) de-

fine task m d  equipment data requirements for CAFES . In the resultin g single

t h r ~~~d 1 descri ption of an approach to performing FIFE activities ,7requirements ,

mot h O~ L~~v and examp les of a manual approach are presented . These are

fo l Liwe l by brief descriptions of CAFES models and their capability to support

the process . Candidate concepts for  f u r t h e r  r e f i n e m e n t  and arplicat ion of
;
\~;j .~ ~i r e  Inc luded .
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1.0 INTRODUCTION AND SUMMARY

1.1 rNTRODUCTTON

1.1.1 General

Objectives for this study effort were to develop and provide an explicit
human factors engineering (HFE) analysis procedure that would app ly in

using the Computer Aided Function—allocation Evaluation (CAFES) computer

models (Ref 19 through 28). These objectives also included the intent to

refine the user interface definition for use of CAFES submodels , and to pro-

vide a concept for initiating storage of data in the data management system .

The general approach for achieving the objectives was to:

o Refine the definition of the human factors engineering (HFE) analytic

process , in order to refine related CAFES features for most effective

application by the analyst

o Provide an initial definition of operator task data requirements ,

crIterion considerations , and organization/listing for use wi th
CAFES .

o Provide an initial defini t ion of equipment data requirements , and

concept organization/listing for use with CAFES.

Major elements of the approach followed to meet study objectives were to:

1. Summarize HFE ob jec t ives  in sys tem development  programs.

2. Develop a description of an lIFE ana ly t ic  process tha t  would s a t i s f y

the objectives , including

a. Detailed description and examples for a baseline analytic process.

b. Summary information on FIFE methods and data requirements.

3. Summarize CAFES features, outputs and uses in supporting the baseline.

4. Identify correlated CAFES data requirements and desirable refinements

to support the HFE process.

1
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1.1 .2  Background

Conditions leading to this study related to existing CAFES developmen t status ,

the desire to initiate near term applications , and the need to define a spec-

ific HFE approach in order to better evaluate , refine and use the CAFES sub—

models. Current Development status provided the general capability to support

an extremely wide range of potential user desires and applications. However ,

t h e overall scope , coverage and flexibility were so broad that it could be dif-

ficul t for a new user to comprehend and effectively use CAFES during an initial

exposure. Accordingly, it was desirable to develop an applications app roach

thit could be used as an outline guide by an analyst in developing his efforts ,

and according to a concept that would be readily supported by the various

CAFES submodels, i.e., the:

DMS - Data Management System

FAN — Functions Allocation Model

WAN — Workload Analysis Model

CAD — Computer Aided Design
CGE — Crewstation Geometry Evaluation

4 HOS — Human Operator Simulator

Several methodological and performance limitations related to the FIFE state—

of—art were instrumental in providing the impetus for this study . Some form

of resolution was highly desirable in order for CAFES refinements and even-

tual applications to be most effective . First , the general methodological

framework for Human Factors Developments and for CAFES had been identified

and outlined in Military Specification MIL—H—46855 , “Human Engineering

Requirements for Military Sys tems, Equipment and Facilities.” However

applications experience has indicated a wide range of differences existed in

interpretation , philosophies and approaches; technological gaps in approaches

that are employed, and methods for bridging such gaps; and inconsistencies in

both methodology and associated logic structure . Such differences inhibited

most effective use of the computer aids . At a minimum , some interim resolu—

tion was required to provide an analytic procedure as well as to provide a

framework to refine the CAFES aids for better support to the FIFE analyst.

2
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(Continued) 
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Most s~)ecIfic a1ly, the requirement was that t h e analy tic process selected

as a concept for a system development program would precisely, clea r ly  and

systematically lead from one step to the next , and would provide a concep-

tual framework paralleling the desirable sequence of activities for most

effective use of CAFES submodels .

Secondly, the FIFE analyst in a new development program has often been con—

fronted with a dilemma . On the one hand , effective support to system project

needs is given high priority and requires sufficien t flexibility, freedom

and t ime to perform such studies as are required to be most immediately and

fully responsive . On the other hand, there is a great deal of effort

involved in deriving the comprehensive , time consuming analyses that could

he involved for a major system development program. Frequency , much of

this effort is redundant , such as from one aircraft system to the next (all

aircraft take off , climb , descen d, ‘land , and all have many common operating

requirements). In practice , the dilemma has been frequently resolved by

taking a calculated risk based on jud gement derived from professional expe-

rience. However, resulting effectiveness has varied. Alternativel y, a

preliminary concep t for a baseline analysis reflecting common requirements

could be developed and used for present purposes . A detailed expansion

could later be stored for ready modification or updating to tailor the data

to a specific sv:~tem .

Third , it was uncertain as to how to best provide for the most effective

user interface to enable his management and control of submodel elements .

It was desirable that the analyst be efficientl y and effectively kept in

the CAFES loop without generating undue, detailed programmer-type activity

leading to inc reased analytical workloads. This would include the analyst ’s

involvement in: develop ing and maintaining an overall concept for the develop-

ing hardware system; reviewing, updating and monitoring “routine” informa—

tion to detect problem are as and modif y information as required ; and having

ready vis i bi l ity and traceability for potentially criti cal problem areas in

order to focus attention where needed to resolve such problems. It would

also inc lude  prov is ion  I or the  .ini1v:~t to develop new information as requ! red ,

and readily incorporate dat;i in the CAFES structure .

3
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1.1 .2 (Continued)

It was considered imperative that the analyst continually participa te in

task development and that his capabilities be optimally employ ed , so that

the submodels provide the necessary details, organization and information

to reflect the most effective app lication of his professional experience ,

judgment , skill , intui tion and insight. Such expertise could be beneficiall y

used when innovative solutions to difficult problems are needed. This

cssential and critical element of the user interface was to be retained in

thc automated organization , processing , integration and presentation of data

in the user—CAFES interface operations.

Finally , the scope of potential overall HFE applications areas vs candidate

requirements for input—output data and interpretation vs available data was

known to be massive and complicated. Additionally , there are significan t

problems in determining and evaluating compatibility of human factors data.

There was even a question as to whether data has to be compatible or corn—

4 parable for intra—program operations ; or whether it would be sufficient to

inform the user/analyst of the required decision and available data , and

then require him to take the appropriate action .

In attacking the overall scope and in making more appropriate decisions , use

of lIFE system analysis techniques has been demonstrated to provide for a

systematic organization and integration of the morass of information , and

to contribute an improved overall likelihood of success for the FIFE process

in a system development program . Basic elements of methodology tha t existed

have been manually developed and correlated to provide a systematic step—by—

step procession and correlation of system concep ts, missions and functions
4

through detailed task analysis , task timelines , workload and design—developmen t

evaluations. The need remained to clarify the rational elements within each

method and the procedures to follow between steps in order to specif y a pro-

gression most compatibile with both user and computer modeling requirements.

4

~~ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



1.1.2 (Cont inued)

Accordingly , the overall intent for this study report has been to produce

a baseline approach for HFE efforts that can be used in an initial resolu-

tion of the various analytic problem areas and requirements that have been

indicated. This “single thread” manual approach was intended to provide a

relative ly standa rd procedure that could be readily applied as one concep t

for using CAFES.

While this report is not intended to develop a full blown hardware system

development concept , it provides a sequence of applications and uses of the

manual pro cess in sufficient depth to be used as a guide in CAFES applica-

tions. It also develops and outlines the manual mode and concept sufficiently

to support later detailing, revision , expansion and updating f or a hardwa re

system and for associated use of CAFES. An added desir2 for the approach to

be outlined herein was an attemp t to retain adequate flexibility in the

approach in order to enhance individual preferences and methods.

However , the most important overall objective was to establish a framework
for using CAFES , for refining the CAFES concep t and submodels to enhance

utility, and for initiating storage of data. This resulting general approach

was to:

o Lay out a more formalized approach for HFE processes outlined in

MIL—H—46855 in order to reflect a relatively precise and systematic

methodo logy/model for developing the analyses.

o Postulate the approach for a specific system (an aircraft) to which

CAFES might be applied in future efforts. (Since it has been esti-

mated that ove r 80% of functional requirements are common between

aircraft , more detailed development of this initial approach would

lead to a reasonably stable base for future use ari d would readily

transition to a specific aircraft concept for early CAFES app lica—

F i n n s  refinements.)

o Eva lua te  t h e  approach adopted in terms of: (a) implications for most

benef icial CAFES submodel. refinements , and (b) reverse imp lications

of CAFES on the lIFE approach .

C-a
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1.1.2 (Continued)

o Determine user interface imp lications and desirable refinements to

enhance overall utility of the submodels. Include consideration of

the desirability for the analyst to manage and use pre—programmed

information by review and exception, or by expansion and modification .

Also consider data concept , input—processing , output operations , and
interp retation .

o Develop an initial data concept and organ ization—storage scheme for

incorporating data in the CAFES Data Management System according to

a standard format.

4
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1.2 SUMNARY

This report covers four major areas relating to lIFE requirements , methods,

use of CAFES , and da ta needs . It provides:

o Summaries of the FIFE role and responsibilities in a system development

program

o Deve lopment of a pragmatic methodology for performing HFE tasks in a

sys tem development program

o Relationships of CAFES submodels and operations to the methodology

o Outline of task and equipment data needs to accomp lish the above .

Human factors engineering objectives include philosophy , concepts for an

overal l system development approach and the typical HFE task flow. These

are correlated with specific task and activity requirements imposed by the

defense Systems Acquisition Review Council and by specification as well as

necessary integrations of operator performance variables. The scope of

coverage is demonstrated to be so large as to require an extremely systematic

app roach f or comprehensive coverage , integration and detailed development of

4 such information.

I
A baseline process methodology is developed and presented to reflect an

approach to performing a systematic progress of task activities in FIFE

efforts for system development. The methodology employed outlines the

approach to be taken , relates the steps in the approach , and p rovides for

developing the systematic and integrated progression of FIFE activities to

assure that sufficient levels of detail to cover all potential areas of

examination have been included. Examples of each portion of the deve loped

methodology are carried to enough detail to provide the human factors analyst

with guidance in app lication of the methodology , and in the selection , prepara-

tion, use , and interpretation of results when using CAFES subrnodels . The

approach is tailored toward use in Naval Weapons Systems development but it

should be remembered tha t the methodology and CAFES submodels have wider appli-

cability . The methodology appears to be applicable to non—weapons sytems

developmen t (e.g., command and control; air traffice control) in addition to

providing an indication of training , manning , and procedur ~t~~laire111er1ts for

each system.

7
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1.2 (Continued)

Data system requirements to support the process are identified . An

information system concept was determined to be necessary , whether the

process was produced by manual or computer aided methods. Task — equipment

data requirements and criterion considerations are indicated .

CAFES relationships to the baseline HFE process are identified . This is

accomplished by providing an overall summary of CAFES , including character—

istics , outputs and uses. A concep t summary is provided for each submodel

as appropriate , and submodel system requirements specifications ar e included to
reflect a summary of submodel objectives and features. Similarly , submodels
incorporated in CAFES are correlated with the baseline process , and
part icular data needs are highlighted .

1 :
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2.0 TECHNiCAL REPORT

2.1 HUMAN FACTORS ENGINEERING OBJECTIVES

The task activities performed by a Human Factors Engineering Analyst during

a system development cycle are many and varied,and are constantly changing

in scope and definition. The following treatise on an Analytic Process

Definition and Criteria Development is an attempt to initiate a concept

for an integrated and comprehensive methodological approach—that can use

both manual and computer methods to provide timely and relevant Human Factors

inputs to a weapons system development. The treatise is by no mean s an

entirely orig inal concept . Background material , information and experience~

from many sources and knowledgeable individuals have been gathered and

synthesized to form the integrated approach to be presented .

2.1.1 General Human Factors Engineering (FIFE) Role

The Systems Development Process encompasses those activities ni -sory to

conceive , d e f i ne, design and acquire a system capable of performing t.~e

desired activities within specified limits of acceptability. FIFE activities

are par t of this definition and acquisition cycle since people are an

integral part of the systems. System operators or crewmen ~re included

primarily because of their information processing capability, their decision

making capability, their ability to generate small forces ~t pro per t imes

(i.e., con trol movements , switch actuations , etc.) as controlling functions

for implementation of subsystem activities.

The entire systems development activity of the Human Factors Engineering

F analyst is dedicated to of’timizing the capabilities of the man—machine

combination. This task i~. to effect maximum informat ion processing and

control in system operations , within the required time and accuracy con-

straints , and to provide t h e human operator with the interface for deter—

mining and effecting necessary changes in operation . Fu1le~ t achievement

requires analysis and confirmation of man—machine interface provisions for

all subsystem activities , as such activities fluctuate in normal operations

or in degraded ope ra t ions  t h r o u g h o u t  the system miss ion .

V
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2.1.1 (Continued )

According ly, and during a sy stem developmen t , FIFE technology is responsible

for organizing information and performing trade—offs to define and allocate

functions to man and equipmen t , and for defining : control—display require-

ments, station layout and arrangement , provisions for effective crew operations

and performance , workload capability, and crew environment/life support

requirements. Another element of data app lications is in providing task—

equipment inputs for training and procedural considerations.

In turn , large quantities of pertinent information are generated during

t h e development of a weapons system. Over a period of time much of the

data is lost , and only limited amounts reach a publication which may be
subsequently recovered by interested parties. More extensive record ing

and availability of such information would have long term benefits ,

particularly in early stages of a new system development. The development

of a new weapons system would be greatly enhanced by accessibility to

historical data on previously examined weapons systems . For examp le ,

4 
baseline Functional Flow Block Diagrams could provide a wealth of infor—

nation applicable to all generic weapons systems developments , properly

and f ormally constructed and recorded to a level of indenture to allow

individual task identification and function action— information requirements .

More specifically, mission phases and functions for aircraft operation

are sufficiently common to allow extensive carry—over from one weapon

system development to another . Ind iv idua l  subsys tem i m p l e m e n t a t i o n  modes

and components will have variations (e.g., single engine—multi engine)

but the same function will be performed and must be satisfied in each

phase of opera tion , e.g., Pre—Flight , Taxi , Take—off , Climb , Cruise , etc.

The devia tions may be read i ly ident if ied by the human fa ctors analyst and
specific requirements and provisions for task activities adjustedaccordingly .

However , the scope of inf orma t ion, areas of concern and interactive elements

are such that methodology , in addition to being app licable to the question

at hand , must be manageable in both time and manpower requirements. The

techn iques outlined by the methodology must be geared to providing pragmatic

solutions to the problem at hand , based on the information available at the

present time. Applications must also he capable of utili zing existing data ,

IIIT ~lII~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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2. 1. 1 (Continued)

be capable of updating as new information becomes available , and be ava ilab le

to all interested in utilizing this information . The solutions offered must

also be capable of being modified and improved as new or additional informa-

tion becomes available.

Developing a data storage system based on such a philosophy and using a

functional f low concept to develop a range of similar baselines for generic

weapons systems developments (e.g., aircraft , sh ips , command—control—communications

systems) will enhance the capabilities of the human factors engineer to rapidiy

and effectively establish design information for a future development of new

s~ stems . The groundwork for establishing mos t of the preliminary information

required for workload analyses and function allocation , as well as selection

of the equipment with which the man interfaces , can be built up over a period

of time— the information developed on one weapons system can be stored for

recall, sorting and use during development of subsequent systems , or for use

as applicable to other types of systems. This stored record , tempered by the

4 j udgment and experience of the human f a c t o r s  ana lyst , can provide many timely

answers to systems designers. Thereby,1~ j~ j~~ original designs and configurations

may incorporate desirable human factors refinements before system concepts

or p hysical s t r u c t u r e  becom e f i x e d .

V
I
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2.1.2 General Human Factors Engineering (FIFE) Responsibilities

and Requirements

During initiation of a typical system development program , the FIFE specialist

is tasked to help translate a set of general operational requirements into

specific concepts and requirements for system development. His role is to

assure that human performance and support requirements are identified and

properly provided fo; at any level of system control , operation and mainte-

nance. Additionally, he must ide n ’if y and hel p resolve any significant

technological questions or data gaps that will impact the development

program and resulting mission effectiveness.

Ac cordingly, the scope of the FIFE role ranges from early concept definition

and trade—offs (to avoid undue assumptions concerning subtle human factors

elements) through detail design and development . Throughout a program ,

the specialist must ensure that candidate human performances and support

requirements with corresponding capabilities and limitations are properly

identified , traded—off and implemented . General objectives are to

appropriately provide for the most effective contribution of human perfor .-

mance to mission success, and to avoid undue mission limitations or con-

straints from the human element in the system .

In application, ability to perform all the FIFE tasks most effective ly has

been limited . Each mew system features a distinct set of parameters that

can significantly impact human performance and support requirements.

Effec tive performance of the tasks requires a comprehensive knowledge and

integra tion of sys tem miss ion and f unc tional requirements , with control—

display state—of—art and related human performance capabilities , limitations
and constraints. While many parameters will be familiar and routine ,

alternative applications can signif icantly change the opera tor framework
and new applications concepts can pose totally new problems. While major

areas of concern can typically be identified rather readily, the detailed

analysis and integration of all parameters to cover subtle variations with

significant effect” is cumbersome, time consuming and tedious . The level

of detail that may be required (particularly for routine and familiar

concepts) is objectionable to most analys ts , with a most frequent complaint

being that they are ”re—invemting the wheel” in performing comprehensive

analyses. 

12
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2.1.2 (Continued)

On the other hand , even very  e a r l y  syst em development  needs n c t v  requir e

d e t a i l e d  i n f o r m a t i o n  and long range d e v e l o p m e n t a l / o p e r a t i o n s  Ior~ (astin g

by the  HFE a n a l y s t  in order to avoId even tua l. sys tem miss ion  l i m i t a t  S on s ,

c o n s t r a i n t s  or r e t r o f i t s  because of h iman f a c t o r  l i m i t a t i o n s .  T i m i n g ,

scope and foresight of the HFE specialist thus become critical i n  t h i s

process.  Even in ea r l y concep tua l  phases of sys tem developmen t , he m u s t

comple t e  a p r e l i m i n a r y  e f f o r t  tha t inc ludes  (1) appraise the mission ,

(2) determine the system functions , (3) assess the resulting crew function s ,

tasks and task elements , (4) trade whether most effective performance would

he by man or machine , (5) identif y crew task features and associated crew

capabilitie s and limitations , (6) develop probable control—display require-

ments , features and candidates , (7) define and perform individual capability

t rades for controls , displays , crew interface features , and crew performance ,

(8) conceive an effective crew station layout concept , (9) evaluate the

resulting configuration for effective integrated performance of all tasks ,

and (10) confirm crew workload conditions and procedures/training require-

ments. As is readily obvious , the FIFE time required can become extensive ,

the process is iterative throughout system development, and continuing revi~-w

is requ ired to reappraise preceding decisions in context with developing

hardware features. Concurrently, more detailed levels of system definition

emerge and associated 1-IFE studies progress with corresponding increments in

levels of detail.

In performing the HFE role , three sets of requirements apply . One is the

necessary information to be developed for the Defense Systems Acquisition

Rev iew Council (DSARC) and the four phases involved (Table 2.1—1). Second

is the detail requirements for FIFE efforts as outlined in MIL—H—46855

(abstracted in Table 2.1—2). Third is the scope of operator performance

variables , capabilities , limitations and constraints to be considered in

trade—of fs by the HFE (a top level summary is presented in Table 2.1—3; detailed

considerations , constraints and data ramifications expand dramatically from

th is level).
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PCI )cARc~
C,,n, ra 1 1) 1 dint if y io C i.•UL Ia ElF I) ( oss op. requ I resents 1) Pot m t  I a 1 ElF pr I I
Oper.it i.’ i i i i  de f i n i t i o n
Requ i r e -i t  4 it - V e l o l .  g ras - . c r i t e r i a  2)  Tec~~rn Iogy f u r c c a . t m  2) Pt r I , rm ; , cc / ope ra l  II :
(r O K) 3) \ so r  re l i-v in t  liE da ta a v, i l ab i l i t~ 3) A l t e r n a i  e den lop ~ r t t m r i a

T en t itls e 1) An al y om critic a l HF problem s 1) Output S from CUR phase 1) Croys mission scenar io
SPt.Ct f ii 2) A i i l y z e  m i - - i o n  funct i ons/ti, k s 2) lystem lIme/ cost 2) Functi on flow cha rt
Opt-r u la n i l - -
Requ irement 3) Prc1im inar ~ man/machine (H IM) const ra in s 3) H/H tayk - i l i c it t o
(110K) alLocat ion 3) A l te rna te  des /up -

4) Iion/m iaci, ine inter la ce
4) Es timat e system HF efforts cOnCept s dcl Lni ti oo

5) Ide ntif y cri t ica l in t erface prob lems 
4) E~ PIrical p e rf ormance 

5) Recommended te chnic a l
app roaches6) Develop b i t  1.1 •ppri tches for

a l ternate cooc ept s

Proposed 1> Develop detailed mission scenario 1) Out pu t s from TSOR p hase 1) Perform a nce g ca l s /
Technical requi rements2) Perfo rm rn/n tradeo ft studies 2) Hardware/s oftware /op.
Ap proaches

- - . . - - 2) Operator fma tnten anc e
(PIA) 3) Perform pre li m i nar y operabil i ty 3) Mission require cents

skill requirementsmainta in /an aly sis- 4) Select design cha rac—
4) Develop design optimiz a tion teristics ~~ HF concepts ai d  da ta

(or PTA preparat i on
5) Def Ine exp licit operating concept 3) Empirical performance 

4) Tech approach and
6) Select technical approach and develop data test  plan

HF test p lan

Specif ic 1) Prepare detai l  HE test  plan 1) Outputs from PTA 3) Operability and maintain-
Operational . - . - a b i li ty  goals

2) U pdat e previous liE an al ysis 2) Subsystem int e r l a c e -
Requir eae nt -

(50K) 3) Dev elop operator sti tion requir ements 2) Detailed HE plans

or 4) Conduct trades and pr epare specs 3) Desi gn optimization .1) Expa noed stat Ion
trades design concept

Advanced 5) Perform operability and m aintainabil i ty - -
Development analysts 

- 4) (ou t/schedule estima tes 4) HE system specs

Objective 5) Empirical data
(ADO)

Technical 1) Def ine mm allocation criteria and 1) Output S from SOR or 1) Revised data and
Development revise all-a ca tion and into flows ADO concepts
Plan -
(mP) 

2) Develop oper a tion a l sequencing diagrams 2) Revised requirements . 2) Initial RFP work

3) Refine HE data and define HE te ch n l c il design con cepts and stat ement , system

program mlm allocat ion spec , etc.

4) Develop KIt’ work stateme n ts , system specs 3) Results of tra de 3) Major problem area
stud Ies and system

and propos al gv a lu atio n criteria 4) HE technical pro gro
plan description

4) Emp ir i cal data

Request for 1) Analyze - problem areas identified in RIP 1) Outp u t, from TDP 1) Finalized RFP SOW to
Propos3l 2) In tegrate III contributions to preL 2) Spe cific hardware 

be issued to c ontra c t

Prepa ra ti on 
design of basel ine con iigi ,rat i on requirements and costs

3)  Update al l 113 outpu ts and emp irical data 3) Human pert. re q ili re—

4) Expand function a l anal ysis and allo ca— me nt s

n o n  to ti n il level 4) U pda ted de sign .

5) Fin alize REP stateme nt of work la yout and plans

~
) Empir i cal data
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TABl E 2.1—1 (Continued)
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f )  Test  a n t  eva luat ion pl.ins and
met hodo3r4c s

2) Identi fy c r t t i c a i  a reas  not ,rr,ted by
c o n t r a c t o rs
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Proto type  1) t a r  tic i p -it e in det.iil des I g i’  for ai r— i~ ,rv i i i, i- - i t  ii r i ; Co 1) M , t - u-, ( n - - s. - t at ,
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3) Monitor di-- ta i l eng ineoring chang es arid or work s i - a n i o n  and

note problems equipment ( r - r t r ~~a u r
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training 4) Detail plans for f l ~~~:i
- test , trai n in g ar id5) Evaluate and rev iew progress reports 

operat ion
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1) Ide ntIf y spe cial problems and coord i— nions for de sign and

nate w i th  c o n t ra c t o r  fa r optimum procedure Improve ments
solutions 

6) Updated lIE Ii- ~ f v  i~~a i
8) Conduct laboratory . g r i n d  s zu l i t  ton manuals

and flight tests t-~ evaluate Hi p e r —
7) Training arid m a c -z.,rformance (eg , time and r n - t i m , wa r- v

load , job aIds , ti /rn interface) manuals

9) Partic ipate in deve)opmi.-nt of detail
p lans for f i r s t  f l ight

10) Rede Ei ne op e rabi li ty and maintain-
abil ity g al -

11) Test and eva i rt ii t n t e n~~n,re and
tr a ining t-r(ai pn ut ri t -, id - r~~~r -( i.’
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4) Re ’ ise t e c h n i c r i  t r linirr g and t ions and operat ional

mainte nance m an u a l s  data

DSARE’ II!

Product ion 1) Insure ri i lu t ; , -r r ,pit comply w i th  Same as above - W r i t t e n  r e l - i r t s  of eau h
Contr a ct task
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TABLE 2.1’-3; REPPESENTATIVE OPEF,ATi’.~R PERFORMANCE VARIABLES
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~~ . 1 . 2  (C o n t  inued)

11) ~)l ’~ ii I i c e , it’liii ’i’ ills h i l l  i l l ’ i .  r & ’ q l l i  r ( ’ lE le ’ n t  and n nlt n I t  I ’ , ’ ’ I lh I t -  h&’en - I  I i-i f n _ _ i

hU) l.l m iGi)) l i x  j o b .  ‘t h e r e  hat-i been 110 gi ’ ni rally .im - C & - ) n t i ’ ml a rId app I I I’d i - t I  - ind~i rd I z n  - i i

appro~1( ’ It , nor has there been any pr~- i ’ 1st ’  and systemat i r ’ d e f i n i t i o n  u t  t in -

p r oct tm t-isi - Pt I nvo lvc id . LIFE app roaches have been highly I nd iv idua ii zc-d and

Ii , ’avil y dej-endent on professional experience , skill and judgment. I n i t i a l l y

h i d  j v i d i i a l s  u n-i t’d t i l e  a p p r o a c h  that best suited their own needs , r S  r e q u  ired ,

t i m  de l i l i t s  and maintain an o v e r a l l  sys tem concep t , to i d e n t i fy  and t r a c k

rcl ,it i ’,elv routine areas of development , and to identif y and res o lv - Urli ’.fil e

m i t  r’ r i t i n ~ il problem areas. Unfortunately, the record demonstratet-s tha t

l i imIf lV ar eas  were ove r looked .  Use of the  more i n t u i t  ly e , ind i v i d u a l i z e d

app r oac h became CV Cfl less satisfactory with the advent of increasingl y

-omplex systems .

FIFE sy.stem anal ysis  t echn iques  were developed to provid i ’  a mor e t - v s t e m a t i c

prm -ugre ssion of methods that would enhance quality, impact and thoroughness

of  t e ch n i c a l  c ’f f o r t .  A n a l y t i c  methods  tha t evolved p a r a l l e l  t h e  requir e—

n e n t s  o f M 1 1. — h1 —46855 in s u p p o r t i n g  s y s t e m  deve lopment  f rom e a r ly  c o nc e p t

- I formulat ion throug h detailed analysis and criti que of task perform aro-e

r e q u i r e m i n t s , cap a b i l i t i e s  and workload , Howev er , applications of many

o t  the  me thod s are s t i l l  in the e v o l u t i o n a r y  s tage , and t h e r e  has been

i n a d e q u a t e  deve lopment  and c o r r e l a t i o n  of i n f o r m a t i o n  in tile sequence  of

m e t h o d o l o g i c a l  s t e p s , SO t h a t  o u t p l l t s  f r o m  one s t e p  are not ye t  c l n - i i r l y

d e f i n e d  i n r I l t s  f o r  the  n e x t .  More sy s t e m a t i c  a p p l i c a t i o n s  r e m a i n e d

l i c a v i l ’.’ a f u n c t i o n  of i n d i v i d u a l  e x p e r t i s e  and judgment :  in s k i p p i n g  s t eps ,

in t~s in g  i n t u i t i o n  and i n s i g h t , and in “o p t i m i z i n g ” the  r isks accep ted  in

m ;iking short cuts. Redundancy between systems still carr~~ d some of tile

tot inn of” re—inventing the wheel” and a tendemcy to avoid some elements

I t - i  t i n t - - u - c  s c a r y . U n f o r t u n a t e l y there  r emained a correspond ing r i s k  of

ovt ’r ls ,i - .- i n g  k i - ~’ d at a  e l emen t s , of i g n o r i n g  an unfamiliar problem area ,

or n i t  ( . i i I i n i ~ to  pe rce ive  the  imp l i c a t i o n s  of a new c o n t e x t  f o r  t r a d i t i o n a l

or r ii : it i nc  systems and equipment concepts .

In summary, t h e’ basic approach sequence f o r  HFE r e q u i r e m e n t s  is o l l t h i n e c i

in  M I L — H — 4 6 8 5 5 .  However , app lications have lacked in consistent utilizati on

of a precisel y dci m e d  and systematic procedure. In t u r n , c o m p u t e r  r n o t l e l i l m g
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2.1.2 (Continued)

hits been somewhat constrained by the absence of logical , quantifiable steps

in procedure; and submodel development has been more general purpose than

desirable in concept , in order to su i t  a l t e r n a t ive approaches .  On t he  other

h and , i f  an approach were adopted , developed and stored to o f f e r  i n f o r m a t ion

rapidl y , and with little or no effort by the analyst , it would very likel y

be used extensively.

The Compute r  Aided Function—Allocation Evaluation System (CAFES) is a

c o m p u t e r i z e d  design tool being developed to a s s i s t  the  human f a c t r t r i - i

eng inee r ing  ana lys t  in sys tem development  programs . Basic features are

s umm a r i z e d  in Table 2.1— 4 , r e f l e c t i n g  both a cor re la t ion  w i t h  many of the

F requirements  of l’HL— li—4 6855 and capabi l i t ies  fo r  resolving some of the problems

desc r ibed  in earl ier  t e x t .  CAFES is a c rew sy s t e m s  di ’t-i i gn suppor t  too l

based on human engineering methods , computer aids , human performance data ,

and data management  needs . It  is in tended  to suppor t  crew sst ems

: engineers  in system development efforts , including man—machine research ,

requirements analysis , des ign , test , training , and maintenance systems

development . Princip le advantages are that: it can he applie~ extremely

4 early in concept development  to r e t r i e v e , s t r u c t u r e  and use available

i n f o r m a t i o n , it can continue to be used as a developmental tool and as a

- 
n 

recording system for on—going project efforts , ansI it can expedite.

Considerable potential for CAFES refinement to reduce system development

• 
workload for the analyst was considered to exist if a manual methodological

concept were to be devised that could satisf y all the hardware system program ,

specification and technological requirements indicated earlier . By esta-

blishing an appropriate analytic baseline for both manual methods and for

application of CAFES computer models , nuch of the manual organiza~’ion of

concepts  and data could be pre—constructed and stored in the CAFES framework.

A c c o r d i n g l y ,  the analyst could avoid excessive involvement in detailed

concept st r u c t u r i n g  or p rogramming  type  operations . Instead , he could use

and manage the pr e—st ored  data by except ion or b y ref inement  and expansion .

A c c o r d i n g l y ,  i t  would be ea s ie r  to use ti-IC fire—structured baseline as a

“ spr ing  o f f ”  for added developments , t h a n  to become heav i ly  involved  in

organizing relatively r o u t i n e  concepts  and d a t a .  -

1’.
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2.1.2 (Continued)

The present study was thus to develop a baseline approach for lIFE analysis

that would support all req u irements , provide an ini tial concep t for a
future system , and provide a ref erence model for identifying candida te
CAFES refinements . An essLntial element was to identify concepts that

could enhance CAFES use and interpretation , including assistance in

spotting problem areas in providing solutions , and evaluating effectiveness

of the solutions .

An important feature of this approach, was to provide a framework for the

retention and application of essential and critical analyst capabilities

F: ~ as part of the process, so that he could understand and use CAFES effec—

tively to:

o Identify critical system problems .

o Provide innovative solutions to non—routine or extremely difficult

problem areas .

o Evaluate the implications of model operations and data quality relative

to the problem at hand .

o Of f load routine data retrieval , organization and calculation functions .

Basic CAFES structure provides considerable assistance along such lines .

The intent of the “single thread baseline concep t was to es tablish a
bridge between representative manual methods and operations on one hand
and the CAFES submodels on the other hand. This was to include definition

of more routine programmable and tedious elements in contras t to analyst

needs and capabili ties as an evaluator , decision maker , problem solver
and innovator.

4
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2. 2 AN A i Y TIC A L PROCESS DEVEL OPMENT

Evolut ion of a baseline process methodology for HFE activities has been in

developm ental stages for many y t - ar s . This is the set of activities , and

t he sequence  of even t s , w h i c h  are u n d e r t a k e n  by t he  human f a c t o r s  a n a l y s t

during a s : .ste u l development cycl e . A number  of approaches  have bet-n

dt -n.a-Iope d as each of the  HFE a c t i v i t y  elements has been examined , changed ,

a l ter e d , adde d to , ex c luded , g iven d i f f e r e n t  emph asis , resurrected under

LIiI lerent titles and had format and c o n t e n t  a l t e r e d .  T h r o u g h o u t  t h i s

e v o l u t i on a r y  process (wh ich  is still going on) there has been an evolution

of a niors- ~‘n i n s i s t e n t  set  of d e f i n i t i o n s , a general agreement on the or d er i n i

oi  the c I & -0L~f l t S  and a genera l  agreement  on the d e f i n i t i o n  of the  e l emen t s .

P r o d u c t i o n  of a base l ine  human factors enginecring methodology with

i n t e n de d  list! of ti le CAFES submodels  as an i n t e g r a l  p a r t  is a un ique  under-

taking. The processes  and t e c h n i q u e s  invo lved  in CAFES arc  not  new h u t

in  the past have required manual efforts i i i  such d u r a t i o n  as to f r e q u e n t l y
4 r ende r  the  r e s u l t s  mo re of a verification of previous decisions than ,i

design too l to be used during the development of the weapons system . l’he

lISt! of computer computational speed and capacity to support the process in

CAFES provides for quick , accurate data retrieval , organization and calcu-

lations , m d also the stnirage and processing capacity necessary for a

newer a i j m l  s - t i c  mode —— to b egin  comparison to alternate solutions within

an early time frame compatible with the weapons system development needs.

P r o d u c i n g  i n i t ia l weapon svst e ru  m iss i o n  f u n c t i o n a l  f l o w  d e f i n i t i o n s  wi l l

still he laborious and t ime  c o n s u m i n g ,  bu t  because of  r edundancy  and

common a l i ty  between systems (e.g., between aircraft) can be used i n d e f —

4 i n it e l y .  I t  is on ly  necessary  tha t new system e lemen t s  or un i que mis s ion

r e l a t e d  junct ional r e q u i r e m e n t s  w i l l  r equ i re  d e f in i t i o n  f o r  a new a p p l i c a —

tion of a weapon syi -;telnI . Anal ysis and comparison of alternate functions

alloca tions and rL-tinemen t s anywhere in the ana lytic structure will he

r eal i l v .mnd quickly accomp lished in CAFES , and presentation methods a rc

- 
,~~ ava ila b li. -r the anaIys~ to comprehend  and i n t e r p r e t  da ta , i m p l i c a t i o n s

and r e s u l t s .  

-
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2.2 (Continued)

Development of a baseline process has required re—examinat ion of candidate

HFE activity elements related methodological concepts and their relation-

ship with Computer Aided Function—Allocation Evaluation Systems (CAFES)

submodels. The submodels are designed to do the routine data retrieval ,

organization and calculations necessary to support the analytic process ,

by acqu i r i ng  and helping to app ly useful , comprehensive , comparative and

absolute data. These data processes and calculations are needed from

early functions allocations through detailed evaluation of ph ysi al and

visual compatibilities of crew and crew station configurations , task

sequencing , detailed task allocation between man and machine , task alloca-

tion among crew members, crew workloads and effectiveness of a given task

set vs mission requirements.

3
4
I

4
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2 .2 .1 B a se l i n e  Process

~lo re g e l m e r m  I but. t y p ical a re as  of BYE ac t i v  i cy  dun rig a sys tem deve lopmen t

t -yc le a rt ’ i l l u s t r a t e d  in F igu re  2 .2 — 1.  Th is  f i g u r e  p rovides  a summary of

t h e  t\ ’pes of e f f o r t s  and expec te d  In p u t s .  A summary concept  for  t h e

o v e r a l l  f low of DFE task processes is shown in Figure  2.2—2 . ‘Ih i s  f i g u r e

summarizes the interna l working r e l a t  ionsii ip f o r  lIFE t asks  and i l l u s t r a t e s

di r e c t  lv or b y i m p l i c a t i o n  the  i n t e r e l a t i o n s i m i p  of these tasks wi tim hard—

wa re , sot  t w a r t - , m a n n i n g ,  t r a i n i n g  and p r o c e d u r e s  a c t i v i t i e s .

Ti le spet - i f i t - Ba se l i ne  Process  “ s ing le t h r e a d ”  M e t h o d o l o g y  sequence  adop ted

C f o r  pu rpose  of t ime  p r e sen t  s tud y is diagrammed in Fi gure  2 . 2 — 3 . TI- ic

approac h o u tl i n cd  ident ~~fie s  both s p e c i f i c  HFE e f f o r t s  and t h e i r  s e q u e n c i n g,

f o r  a s y s t e m  deve lopmen t  p rog ram c a r r i e d  ou t  f r o m  ea r ly  c o n c ep t  f o r m u l a t i o n

on t h r oug h t h e desi gn and deve lopment  process .  Subsequen t  d i sc u s s i o n  in

this scctioO. on Analytic Process Development expands on the  approach  by

providing summary descriptions , by outlining any particular restraints

4 or ground rules for app lication , and by providing examples as appropriate.

This approach provides for develop ing the  information that was required

b’.’ the system acquisition requirements that were summarized in Table
-

. 
2 . 1 — 1 .  It is structured in such a way that the analyst can adopt and

follow the methodology usefully , early in a program , can r e t r i e v e  and

organ ize  such i n f o r m a t i o n  as exists and is recorded in a meanin gful ,

useable forma t , and can i n i t i a t e  an a n a l y t i c  process  t h a t  can be used

through system development.

2.2.1.1 Operational Requirements/Mission Profil e-

The general system operational requirements are an evolving composite of

requirements starting w i t h  t h e  General Operational Requirement (GOR) and

p r o g r e s s i n g  t h r o u g h t i m e  i-~pec i  l ie Op e r ; I t  i o n a l ReqIl irements ( S O R )  as was

i l l u s t ra t e d  in Table 2 . 2 — I . Time o p e r a t  ional  r e q u l  rement s  d c i  inc t h e

system for developmental considerat ion  and Out line t h e  l i m i t s  of o p e r a t io n s

or t i l t -  f u l l  i l l in g  of t i m e  weapons s y s t e m  m i s s i o n  a c t i v i t i e s.

During the progress ive evolution t l t  t h e  syst em , i t e ra t i v e  u p d a t e s  and

expansions art- incorpo rated from v a r i o u s  a n a l y s i s , e v a l u a t i o n , p r o d u c t i o n

and user groups. A a - t m i led and romp I ~ i c  de f i iii t i  on of sY s t e m  opcr a t  ioua 1
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2.  2.  I . I (Genii m i m i e d

re - - m i r - i m e - lt ts prov ide  t i m e -  j t ldge illi lIt a I i i  i t  er i m  liv s i t i t - i m e I i-~~e -Il t s u l  I I -

Si - I [O O C;  - - V s t t f l (  nay  h~ t -ompa rcti and t - v m i  t a t  m d  j 01 lii 551011 StiSt e-i s

p r i - : m h  i i  i t O  v s .

i .t~~Im m u  i t !  gt - n e - r ; m l  m e q t m i m a - : i i e - i i t s  v i i i  m e - l u t E -  s m i c l i  ( i - a t - m i s s ; m s  t h e

e l  0. ’.- i t  l i - s  I - ‘ l e -  pt  e rued . t h e -  dmm r~m t i o n  of  t i m  S i - I iv  l i v

re- l o i r e - i , p h y . s i c m l  i t r - m i t ~~- l i 5 t  I t  S I i  t - e - e 55 t i ’  i i i  Sil t i S I \ ’  5 V ~~ t i - l i  f i m m i c t i s i s

I c  t o  - - r : - i m e -1 , S i t u  p u - r h m p s  t i l e -  h i - s i  c e b i t -  re -i- . m - r ip l c - r i -  ill it pt -c t  irm 

s ssmr\ l i i iic t t in s .  In i t ia! lIVE I a s k  at - I  i v  i t ’ -- w i l l  t O i l t idi id e - mi t i—

o i - i i - n  - - [ a ny  h u m a n  l a - i -c s  j m r o b  1 (001 a l e t s  ~m i i d  g - f l i -r ; i  I p i t  f o r m a i t - - 1-—

t~~)Ci (i lOg t - : i s i d i - r - m t  i ons , r i - q t m i r i - i i c m i t s  a n t  - r i  i t - r i m .  As t i 1 1  cm ’ t t s - p t

- t e !  i~~ i t  i o n  e-vol y e s , s m i c n  act  i v  i t v  w i  I I b c - - o re - s i n  i I sr i  v fl ie ’ ! i  d c i i  n i l  ivE - .

- - m r  i - - d~ f i n  i t  i o n  c i  op - r m I  i t~m itm I i a - p m o  r~-rs-n t s m o d a s s o - i t m t e -d c i J e e - r ; m —

I ion s !  t i e -si - r i p t  i~ ’ns , an i n i t i a l  m i s s i o n  ‘ i- ’ t  l i e  (sli t -il as is i ) l u s t r r m t ed

i c r  a i r c r a f t  i i i  I j~~~ i i i i -  2 . 2 — -,) c - an  be i t O h -  I r m i c t e - - l  t o  g r ; m p i m i c ~m l l v  d c p i~ I

-~ajor r e - q m e i r i - i t s  in  L i l t  l e i r i r  f o n t - i  lona l e l e m e n t s  i n  L i l t  p r o f  i i i - . 1~~t h

[ti n e - t i - n-ni eli -meri t (or f u n c t  l a n a i  req m ii r i -roe -n t )  d i - s& -r ihe .s a .s~ -g0ni n t t i !  t i m e

51 5 it’l l . 1- m i - i m  si -gone -n t is 5 1 1 0  C t i I O t h m  inc-h , that is , it i~ m~ a c l m - m r l v

J1~~t i n - a m m i s l m . t U l e  s t a r t — i c — c o m p l e t e  0 10 - r a t  ion , set t i n g  t h i  s t t g e  f o r

~m ih s , -c 0 ut-n t in d e -n t~~~ed breakd own for mor e- tit - ta l li -i  I in~~t j ona l r t - q u i r e r h t - n t  S.

2 . 2 . 1 . 2  M i s s i o n  S c e n a r i o / G r o s s  l i m e - I inc

N i ss e on Se~~m nm r i i

Ht , - M i s s  en S~~ nii r io is - m i -v~ - 1~ -pcd  i r e ’ni t m t  ‘ m i s s i o n  p m ’f i l - I  an d  opt - r a t  i o n ; m l

req i l  i r e t - - -  i t o  E n  na  r ra  t V t-  - - r m~ • I c N I ss t t ’ll Se-ens  r I c  v e r b a l  l v  h i - s e -  r lb i -~

t h e  ev - n °  w h i t -l i  :-m~ kc up  t h e - f u l l  m i s si - -i t er st-nue -nt s o l  t i m e -  mis s ion ,

s u m m a r i n i o m - :  t v p i m - a l  op e r ;m t  i o ns , a s s - o m p t  ions , m i s s i o n  ellvlm -onmen t and

mi ssi on events t h a t m i g h t  oct -or. R e - v  i-vents i n  n o r m a  I and d e g r a d e - il

ope ’ 1 i ri s :m re- id entifi ed and expi m m e d  i n  an  o p e r a t i o n a l  ct i n t  e S t  t o

e l i S I l i t  r h i t  a l l  r i - a m i j r i n i - i m t s  - o i l  be- i d e n t i f  i t -i l  and  are- t- -~ m r i n -d durin g

t h e  c o u r s e - o t  t h e  eva l m i - s i i n t o . i n t -  e n m r i o  p r - c v id e s t im e s t i l e - V  c c i  i n t m - r —

r a t i o n  n e t - - i c - I  t o  con!  i r t  I m n e i e r t - i t a n ( l l m l g iii t i c - s i  re - t i svs t c in ‘ i tc - i ~S t 1 t) O s ,

N~~~~~~~~~~~~~ -- .  
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2 . ’ . 1.2 (Continue-d)

I -’  h e r m i t  s v s t e - m  l imi t i o n s , a c t i o n  in t l  i n f o r m a t im e n ri- qu i rerrit- nts , and t o

ci - y e  - J op a d e t a i l e d  f u n c  t b i b  I I tow.

T i m i - s cen ar i o  is one e e l  t h e  r!e - m n c c i i  i ca l  s s - g m t - i i t s  in th t- i - . m r l y he- I i n i t i e c n

of 5c - m j c t c n -  s v s i t -ms r i - q m l i r i - i r l e n t s . t ic-cause t i t i - s c e n a r i o  r e f l e c t s  m l  c - g r i m —

I u n  of  e ) p e - r m t  i o n a l  r e q u i r e m e n t s , i t  is t mi-  m i t  ia 1 sou rt - e  0! t n t  m mr rr m ; m t I °n

to i - s ta h l  isle such sy s t e m  & - l e - i r e n t s  and c o n s t r a i n t s  as are  r e l a t e - i l  t o  cc

Si  ~~~~
- , c rew f u m e -  t ions , and e q u i p m e n t  c a n d i d a t e s .  A l l  di- c is i o n s  i i m r ’ - - t g i t -  - o r

tie - v e l o p r r i en t  w i l l  u l t i m a t e l y  r e f e r  b a t - k  Go t h e  i n i t i a l  r e q i i i r e n i i -n t s

d e f i n i i  ion  and se - e - oo~m r i o  to  resolve  any  c o n f l i c t s  of j u d g em en t or e q u i ; c n i i - n t

sc - i t - - i  i on  and mis c .

E l e m e n t s  n i  i l v ~ s c e n a r i o  m u s t , a t  a m i n i m u m , be sot I ic  ( c - l i l l y  ~ et : t i 1 e - c i

t~ c c -onvt -’i a -o iotpr eihensive u n d e r s t a n d i n g  of the  m I S S I O n , and to pars i t

br - t m k  o u t  0 1 v~- m r i a t  ion s  r e l a t  ing to such  f e - a t t i r e s  as (1)  ih i -  i I s m s e - .s eI

ti e m i s s i o n , ( 2 )  t he  t y p e  of a c t i v i t y  p e r f o r m e d  in eat -h p h a s e , (3 )  t h e

d e g r e e of :m- t - t i r a - y ,  ( 4 )  any  i n t e r d e p c - n d e n t - i e s  of l i i  i v i t  ies  as t o  t i r O n ,

i n f o r m a t i o n  t r a n s f e r , e t c . ,  and (5)  t h e  f u n c t i o n s  a l l o c a t e d  to  s p c - c i t i c

- -
~i~

-
~ 

- t  h t i r d w a r € , to  a crewman or t i  S c o m b i n a t  ion of t l  marl and a

bs v s t em .

s- - t -na r ic ’ n a r r a t i v e  u s u a l l y  is capab  ft ol p r o v i d i n g  t h e  ab t c v i -  i n f o r m a t i o n .

-i c na r r :m f i v  f o rt s  o f t e n  p rov ides  more i n f o r m a l  m u  i i t m t  is n e c e s s a ry  fo r

-. b- - - - , t e n t  a n a l y t i c  s t eps , b u t  i t  does ass i s t  in e s ta b l i s h i n g  an i m p l i e d

b o u n d a r y  Lu  t b . - scope of miss ion  concept  and o p e r a t i o n s  w h i c h  may or ray

n o t  be c - st a b l i sh e d  by t h e  o p e r a t i n g  r e q u i r e m e n t s  or des ign  sp e c i f i c a t i o n s .

— The p r ov i s i o n  of a n a r r a t i v e  scenario also provides an earl y opport unir \-

fo r  r e — e v a l u a t i o n  o f miss ion concepts and d e fin i t i o n s  to ensure system
- 

- miss ion , o b j e c t i v e s  and requirements are clearly defined and describ -d .

The following example of a narrative scenario (modified from r e f e r ence  43)
is inc l uded in  t h i s  sec t ion  to  provide  both  an i l l u s t r a t i v e  examp le and
a basis  f o r  e x a m i n i n g  the  Fun d i ona i  Flow Block Diag r ams  w h i c h  may be

genera ted  i ron t he  sci-o t ;mr io . As will be eviden t , i t  would  t ake  v e -rv  l i t t l e

p 31
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2 . 2 . 1 . 2  (Cout  i n u e d )

umd ~i i  t i i c n a l i n f o r n i a t i o i m  t i e i n c or p o ra t i -  and  full y de scrib e l e t  c1 Ic-ti - i - 0  t i - r i m

and t - tmp: mbi l i t  i t s  ot all systems , in cluding opt-rat ing eein - t r :iint s :it md r c

f - m u n  r i  mod i -s

Sct - l t a r I 0 examp  l e t  V F A — V / Sl ’O L  A i r c r ;m  f t  C l o s e -  A i r  S u p p o r t

Sea Coot re -c l S h ip  — 81 (SC S— 8 1 ) i s  on s t a t  ion 160 m i l e s  S o u t h i s e - : -  I - - I

b a t t l  i m c i - a .  At a p r e — d a w n  h r  i t - I  i ng  V i - A— ’i’/ Sl ’OL s q u a d r o n  p i l i t s  e r - -
i n f o  rined i h a t  maj  or  g r o u n d  of f en s  j  yes it cc- 1 t ’  he in I t 1 n i t  ed i t  h a - h  c, -:m I-s

i t  is a n t  Ic  i p ai ed  t h a t  C l o s e  A i r  S u p p o r t  (GAS ) w i l l  hi- r e -m i t t  i [ c - t b  a n d  i s- u

i f  S C S— 8 1  ‘ S \ ‘ i A \ — \ / S T O L ’ s h a v e  been coni  i gu rr - d f t t r  t h i s  m i s s  l e n ;  5 1 1  1—
p i - r s t ’n I i t - 1 and a r m o r  p i cci - ing  rru un i t  i ons  hav e  b e t -n  Loaded , t h e :  ir odu  1:1 r CAh
p e - c u l  i i r  a v i o n i c s  have  been i n s t a l le d , and a l l  - l o l x j l  l a r y  GAS s o f t w a r e  h - i - c
been Lo aded .  R o u t i n e  b r i e f i n g  i n f o r m a t i o n  i s  t - x c - h a n g c - d — i n c l u d i n g  w e - a t h~- r .
a nt i c  i p u i t ed  d e fen s e s , modes and codes of t h e  d ay ,  d e p a r t u r t -  an d  b z i t  t l ~~

m c i -a COITItTI Un i c a t  ion  f r e q u en c  ic-s . and l au n ch  I imes . T h -  t ic ‘—i r an  I h a t
b e - m s  been des i gn a t e d  Y a n k e e  Fl i g h t  . O c t a l  led p r o — f  l i g ht  I n s pe  - - r i o t i s  c ad
been c om p l e t e d  e a r l i e r  and t h e  p i l o t s  q u i c k l y  move  to  t h m t - j  r se c r - r a f
and  s t a r t  i -ng i nes .  S v st  em c h e c k s  ar e  run  w h i l e  t h a t  equ i p r n t -n t  r e q u i r i n g
i n i t i a l i z a t i o n  is b r o u g h t  on l i n e .  Thi- f i r s t  \ ‘ F A— V / S T O L  is spo t t e d ,
l au r i e -h  c l e a r a n ce  is o b t a i n e d  and a s h o r t  t a k e o f f  ( S f 0 )  is i-xe ci t e -h .

F i g u r e  2.2—5 depicts the mission graphicall y amid T~ blt- 2.1—S cont ai n s
4 ih i -  m i s s i o n  seg m e n t s , or phases .

ç Y a n k e e  Leaker  t akes  o f f , r e t ra ct s  ge - - a r  and f l ap s  and b e g i n s  t r a n s i t i o n
t o  c u c i rp l e t e l y  c o n v e n t i o n a l f l i g h t .  A q u i c k  g lance  at  h is  em e r g e n cy / w a r n i ng
- i i i  I i — p u r p o s e  d i s p l ay  r e — a s s u r e s  h i m  t h a t  a l l  s y s t e m s  c m r & -  ( t i n e - i  ion  ing

i t r e l i & -r l y .  ile beg ins  a c l i m b i n g  t u r n  to  the  se l e ct e d  i n l a n d  h e a d i n g  sod
v i s u u i l l v  s p o t t  ing h i s  w i n g m a n  b e g i n s  ac- t - e l er a t i r i g  i - i  m a x i m u m  c— n d u r a n c t -
i ir s p i - e d  and a l t  l t u d e .  He n o t e - -s on h i s  h o r i z o n t a l  s i t - r a t i o n  d isp l a y  the-

o l e  - t r  -su e - a l l y  g e n e r a t e d  way p o i n t s  arid c h e c k  p o i n t s  s u p e r i m p o s e d  r i v e r
t I -  p rH  c - i t ed  map p r e s e n t a t i o n .  Ss’ i t c l m i n g  (JHI - I r e -q u e n ci e s , Yank e t -  Li-ader
i c , n I j c L s - c  t h e  D i r e c t  A i r  S u p p o r t  C e n t e r  f o r  h i s  spe lt  i i  a s s i g n m e n t  a n d
en r ou t e  c le a r a n c e .  He and his  w i n g m a n  c m r e  a s s i g n e d  t o  A i r b o r n e  Forward
A i r  C o n t r o l l e r — A l pha ( F A C ( A ) — A l p h a ) and a r e  g i v e n  a y e - c t - - s  t o  Al pha f r o m
t h e i r  C0~~st ch e c k p o i n t .  The o u t b o u n d  c r u ise  is r o u t In c .  T h e  p a s s i ve
i i i  - - e l  c l e t t c t  ion and w a r n i n g  sys t em is ve ry  q u i e t ;  t h e  r a d a r  i s  p l a c e d
Lfl - O c t I t i b y ,  and t h e  p r o m i n e n t  c o a s t a l  c h e c k p o i n t  w i l l  he a c q u i r e d  e i t h e r
v i s u a l l y  or electro—optica lly.

At dawn t i l e -  g r t l m m n d  f e a t u r e  chee -k p o i n t  is d e t i - et e d  send confirmed by Sensors
u i t  tin e x tended rsmu i gt- . Ytinki- i- Leader raises Forward Air Controller—Alpha
V A C ( A ) — ,~ i p lia on t h e  p r e — a s s i gned secure - c o m m u n i c a t  ion channel and ri-ct -
h i s  s p e c i f i c  m i s s i o n  a s si g n m ent  and a more compl i - t e  b r i e f i n g .  F A C ( A )
informs Yankee Flig ht thmum t an a d v a n c e  enemy f o r t - i- has  mov ed up d u r i n g
t h e -  n i gi mi and will soon be w i t h i n  striking d i s t a n c e  of a s t r a t eg i c
fr lc-n dlv posit ion. Tht- en emy lo ir e -c  m - t culsis ts of n i n n y  troops , li ght armore-d
veh Ic Its , and rocket launchers. Recent e-x p i r i c -lit -i - has indicated that the
c - n c - I S v wil l also be i-quipped with advanced - m 1 c h i  I i ty portable infrared
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TAIILE 2 . 1— 5 CLOSE Al R SUPPORT — FUN G I  I m~~-\~ ~i I SS I 0~ PHASES

1 .0 P R E — F I ,  I Gi l T

2 . 0  LA U NC h

3.0 CLIMB 10 A L T I T U D E

4 . 0 RENDEZVOUS

5 5 . 0  OUTBOUND CRU I SE

6.0 DLSCLNT

7 .0  LOITER

8 .0 P RE — ATT ACK

9 . 0  ATTACK

10.0 ESCAPE

11.0 CLIMB TO ALTITUDE
-

‘ 12 .0  INBOUND C R U I S E

4 13.0 REN DEZVOUS

14.0 RECOVER

15.0 POST FLIGHT
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2.2 .1.2 (Continued)

Sc - i- oa r  in ( C o n t i nu e d )

homing missiles, There is no enemy air support . Preparations are under-
way ( o r  defense against the imminent attack. FAC(A)—A l pha provides an
upda t ed vector from the coastal checkpoint and assigns Yankee Fli ght a
l o i ter  position. Yankee Leader provides an estimated time of arrival
(ETA) and crossing t h e  coastline performs a navigation update , reduces
power , and drops to a terrain following altitude. The penetration route -
has been chose-ri to minimize detection. No known enemy radar sites are
along t h e route. There are no rockets indicated by the thre-at detection
and warning set. Anticipating his upcoming strikes , Yankee Leaker reviews
h i s  ordnance load.

Reaching the loiter po int , Yankee Flight re—establishes contact with
FAC(A)—Alpha for update and target information. Alpha reports that
friendl y troops are presently pinned down under enemy rocket and mortar
shelling. Strikes against enemy artillery could force it to seek cover
which would allow friendly ground troops to move up. FAC(A)—Alpha and
Yankee Flight establish visual contact and the FAC (A) reports that he
will transmit coordinates of the enemy position . Since the weather is

- 
excellent and the attack will he executed visuall y, Yankee Leader selects
a tactical presentation and selects the a i r — t o — g r o u n d  mode on h i s  elec-
tronic disp lays. Also , since the enemy is still removed from the friend ly

- 
- - 

forces , Yankee Leader decides on a low—level approach , pop—up , and rocket
attack. In ord’~r to take maximum advantage of a possible suprise element ,
Yankee Red will ~xecute the same attack from a d i f f e r e n t  head ing .  Yankee
Leader designates the reference coordinates on his tactical disp lay for
steering commands; due to the relatively flat terrain he selects a narrow
f i e ld  of view (NFOV) fo r  the d is p lay on the  V e r t i c a l  S i t u a t i o n  Di sp lay
(VSD). Verifying and arming his ordnance selection , he coordinates with
Yankee Red and i n i t i a t e s  his l o w — l e v e l , high speed dash. Maintaining a
p r e c i s e - -  heading , Yankee Leader d e t e c t s  his  t a r g e t  several  mi l e s  out  and
makes minor steering corrections. He pops—up , enters the dive , tracks
his targets and launches his ordnance. FAC(A)—Alpha confirms that his
a t t a c k  has el iminated two of the  enemy rocket  launchers. Yankee Red has
equal success a few seconds later. Circling hig h above the  b a t t l e  area ,
FAC (A)—Al pha reports tha t the remaining rocket launchers are moving to
what  l i t t l e  cover the re  is , while ground troops and many small  veh ic les  -

are advancing.

Yankee Leader and FAC (A)—Alpha , in conjunction with the FAC (C) (Forward
Air Controller—Ground), decide upon additional , low level strikes u t i l i z i n g
the aircraft cannon. Yankee Leader ’s break—off has removed him from the
immediate battle area but the coordinates for the rocket -attack were
precise and he can accurately and quickly return to the battle area. He
selects the guns to be employed. With the element of suprise gone , Yankee
Leader is primarily concerned with encountering the infrared missil es.
After coordinating with FAC (A)—Alp ha and Ya nkee Red , Yankee Leader
initiates his return to the battle. Slewing the high resol utlein sensor
to designated reference points on his  t a c t i c a l  d i s p l a y ,  Yankee Leader
can begin a preliminary search of the target area before visually acquiring
it. Assuming tha t any mobile missiles are confined to the immediate batti t-
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2.2 .1.2 (Continued)

Sce n a r i o  (Continued )

area , Yankee  Leader c l imbs  to a b e t t e r  scare-li a l t i t u d e  and r educes  a i r speed
somewhat .  He m o n i t o r s  h i s  t h r e a t  d e t e c t i o n  arid w a r n i n g  i n f o r m a t i o n  care -—
f u l l - n . W h i l e  slewing  the sensor the p i lo t  d e t e c t s  some s n m a l l  v e h i c u l a r
traffic. Yankee Leader increases power and heads direc tly along t h e
b e a r i n g  to  these t a rge t s .  S t i l l  s e a r c h i n g  w i t h  his  sensor , lie-  n o t e s  w h a t
appears  to be t r o o p  a c t i v i t y  and makes the  necessary  s te- i- r i n g  a~ j u i s t m en L s .
Not comp l e t e l y  sure  of th e  a c t i v i t y  he has de tec ted  he r eques t s  ( FAC (G)
to m a r k  the f o r w a r d  edge of the f r i e n d l y  posi t ion . Sweeping the  a p p r o p r i a t e
sensor in the direction he believes to be toward the friendly forces he
d e t e c t s  t he “mark ”  r e t u r n s  and c o n f i r m s  h is  o r i e n t a t i o n  of tbie  b a t t l e  area .
lie is no w p o s i t i v e  t h a t  the  a c t i v i t y  lie had de tec ted  is indeed t h e- enemy
advancemeni. Yankee Leader drops to a lower altitude and attempts to
t r a n s i t i o n  to v i sua l  opera t ions . Fly ing  d i r ec t ly toward the  enemy l i n e
Yankee Leader visually acquires the intended target area. He verifies that
guns ar e se lected and notes the number of round s still available. He
t r a i ns his s ight  on the in tended  t a rge t  area.  When he confirm s that it
is in—range  he begins a ser ies  of short  bu r s t s  a long  the  enemy f o r w a r d
l ine . D e t e c t i n g  a prominent  gro und f l ash , he immediatel y assumes infrared
missile launch , breaks off his a t t a c k  and takes advan tage  of h i s  c r a f t ’ s
uni que maneuvering capabi l i ty  to avoid the miss i l e .

C l i m b i n g  to a s a f e r  a l t i t u d e , he sees Yankee Red comple t ing  h is  a t t a c k .
Both  Yankee Leader and Yankee Red turn fo r  one more a t t a c k  ruin . Fo l l owing
this strike the friendly forces take advantage of the temporary confusion
and disorganization to launch a counter—offensive and the engagement
becomes too confined to allow any further air support . FAC (A)—Al pha
releases the s t r ike  aircraft and informs the Direct Air Support Center
(DASC) which releases Yankee Flight for a return to ship. Yankee Flight
d e p a r t s  on the  p re—es tabl i shed  head ing ,  a i r—speed  and a l t i t u d e .

Yankee Leader suddenly receives and confirms a threat warning, that he
is being i l lumina ted  by a tracking radar. Disp layed information indicates
t h e  source  of the illuminatic!i and a recommended action. I-h e pe r fo rm s
coun te rmeasu re  opera t ions  and makes a q u i c k  visua l search fo r  a poss ib l e
m i s s i l e  l aunch  or even an i n — f l i g ht  m i s s ile .  l i e  sees nothing. He receives
a hi gher priority warning that the emitter is closing . Since Yankee Leader
cannot see the missile , he instinctively rolls into a very sharp  b r e a k — o f f .

— P u l l i n g  out  a t  low a l t i t u d e , he f i n d s  t h a t  he has broken t r a c k  and e lects

, - to  dash to the coast at terrain following altitude. Feet wet , Ya nkee
4 F l i ght  c l imbs to a g rea te r  a l t i t u d e, selects  l o ca l  a i r  contro l frequency,

and activates homing aids for the return to ship. SCS—8l Combat Informa—
tion Center contacts Yankee Flight and reports that CIC i-s t r a c k i n g  them
on radar. Avionics are selectively shut down , vertical take—off/landing
node is selected on the primary fli ght disp lay , and transition to vertical
f l i g h t  is accomp l i shed .  Yankee Leader executes  a v e r t i c a l  l a n d i n g ,  taxis ,

I and shu t s  down .

H 36

II.. III _. 

~~~~~~~~~~~~~~~~ 

- - c - - 
~~~~~~~~ ~~~ &.-~ ‘~~ . .,, - -e~~ -~~~~ W~~~~~ - -~ ~~~~~~~~~~~~~~~~~~~~~~

— ~~~S.& J
_ - _________________



2 .1.1. 2 ( C o n t i n u e d )

(ross ‘F I n it- li tie-

A gr oss  I i nc- h inc f o r  t h e  var ious  m i s s i o n  p hases u -an  he c-c-a ahl  i s h i e e l  - i t  t h u s

point . inspect ion e e l  t h e -  m i s s i o n  p r o f i l e -  w i l l  id e -n t  i t  c - c l - l l - c t e  d m i s s i o n

c i t - m e - s i t s  ( e . g . ,  t a k e — o f f )  for  w h i ch  t ime-  c o n s t r a i n t s  can  h e -  c - s t  i n c i t e - e l .  i c e

5 C f l . I  t- i n  p r o v i d e s  add  i t  ion ;i l t inc r e - I  a t e - i l  i n f o r m a t  ion front ~nb i - I i  e-~~ t i s c e t  i - s

o r t ue - i l r ime- c o n s t r a i n t s  as imposed by t h e  mission c i ! )  bc d e t e r m i n e d .  
$

~ [th s ich i r i t o r s s c u t  i on , both t h e  g i -n e r a l  m i s s i o n  p r o f i l e  ( F i g u r e -  2 . 2 —  i )

and i he  p i ~~t c e r i a l  scen a r i o  ( F i g ure- 2 . 2 — 5 )  c an  be a dj u s t e d  t o  r e - f l i t t l :s e-

c oa s t  r d m t s .

~hi - re -su i t i n g  c~ross L i m e  l i n i  is i l l u s t r a t e - u i  in Fi gurt- 2 .  2 — ( . R e f i n i n g

of t i n e - I t ru e i n f o r m a t i o n  w i l l  he- a sonewhat  i t e r a t  ( V t -  p r o c e s s , t o  ma j o t  a i n

c u r r e n t i n f ~c rma t ion on b o t h  a b s o l u t e -  ari d i n f l e x i b l e  t ime const m i n t  c~ a n - i

-) t o  c s ta hl i s h u  and m a i n t a i n  t ime budge t  i - s t  i m a t -s and  c o n s t r a i n t s  as r e - l e -va ut

t o  I c  ear  t o i l s  m i s s i o n  p h a s e - s .

2 . 1 . 1 . 3  F u n c t i o n a l i - l ow B l o c k  D i a g r a m s

I - u n c t  ional f l o w s , in  b l o c k  d i a g r a m  f o r m a t , a n -  d e v e l o p e d  f r o m  t h e  r c i s s  i e i

prof  i l e .  These f lows  are s y s t e m  levi - i a n d  n o n s p e c i f i c , i . e . , t he- v a r e

a i re  r a f t  sy s tem and f u n i -t ion orient c-cl t e e d e f i n e  f u m e  t i ou ia  I re-qu i r e - m e - n t  s

f o r  o p e r a t  ions t h a t  hu av i-  io be p e r f o r m e d , and s-i t hout  di  st i n g c u  i s h i i n g  h o w

they  a n -  t o  be p e r f o r m e d  or d i s t  i n g u i s h i n g  mau l  or  e q u i p m e n t  f e e t  u r e a .

E x a m p l e s  of  t o p  l eve l  f lows are p r e s e n te d  i n  F i g u r e  1 . 2 — 7 , i l l u s t  r at  tu g

t h e  s e g m e n t e d  n a t u r e  of  t he  f l o w s , w i t h  c l e a r l y  c h i s r i n g u i s h a b l e  sc - I t —

co n t a  m e d  f u n c t i o n s .  Ea ch of the  top  l e v e i  , m a i n  f u u m - t  lo r i s .  i n c o r p -  r u t  e s

s i m i l a r l y  s e l f — c o n t a i n e d  and d i ag r a mm a b l e  s u b f un c t i o n s .  These-  a re

r e f l e c t e d  a p p r o p r i a t e l y  in f l o w  d i a g r am s  wI de -h  a l s o  r e f l e c t  S uc c e SS iv e

levels e e l  i n d en t u r e , or can be re- f l e e - t e d  in an o u t l i n e  f o r m a t .  The n e x t

l e v e l  of  i n d e n t u r e  f o r  r ep resen t  log ove ral l  m i s s i o n  f u n c i  i ons/ ope  r a t  i e e n s

- I r e  shown in  F i g u r e  2 . 2 — 8 , and more- d e t a i l e d  ic -y e- is  f o r  r e p r e s e n t a t i v e -

p r e - — I l  i g h t  ac t  iv i t  ies a r e -  i l l u s t r a t e d  in T a b l e  2. 1 — 6 .  A n o t h e r  ap p r e -e a c h i

f o r  hot2 t h e  p r o f i l e - -  and f u n c  t oti s dma I y s is f o r  rep r e- se- ct  at i vc- l a n d i  rig

o p e r a t i o n s  t h a t  ar e -  app l i c a ble  t o  c u l l  a i r c r a f t  ( I  .e- . , cOmili u rn f u n c t i o ns )

is presented in Fi g ures  1. 2 — 9 ,  2 . 2 — 1 0  ari d 2 . 2 — i l  . l -t ii I a n o t h er , mor e
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TABLE 2 .  1 - $

RI-~i l -3-:SiINTAT I VE Fu l4cT1o:~u . l- LOW I :-d)t-2-i j ti it l-~ — i’Ri-Th_ IGHI

1 .0 l ’REFh ~ I (dli

- 1 .1 llrie-fing

1.1.1 N o t a t e  B r i e f i n g  Da ta

1.1.2 Assemble Flight Aids

1.1 .2 . 1 F l i gh t  Plan

1 . 1 .2 . 2  Maps

* 
1.1. 2 . 3 N a v i g a L i o n  ar -eel Coru ~u u t u u u i e e t i o ns \idc--

1. 2  St a r t  P r e f l i g h t  A c t i v i t i e s
— 

~
- 1.2.1 Acquire Crew Station

1.2.1.1 Acqu i r e  Connectors

1.2.1 .1.1 LIfe- Support

1 .2 .1.1.2  Commun icat ions

1 . 2 . 1 . 1.3 R e s t r a i n t s

1.2 . 2 Acqui re  System S t a t u s

1.2. 2.1 Vehicle Subsystems

1 .2.2 .1 .1  Fuel
- 1.2 .2 .1. 2 Hy d raul i c

1 . 2.2 . 1.3  E l e c t r i c a l

1. 2.2.1.4 Fire Control

1.2.2.1.5 Propulsion

1.2.2 .2 SIlr~ iva l Subsystems

[. 2 . 1 .2 . 1  E n v i r o n m e n t a l  C o n t r o l

I . 2 - . I . 2 Oxygen

1. 2 . 1 . 2 . 1  ~m er g c ncv  Supp lies

1 .2.2 . 3 ( omrnauu e i  - d I d  Con t  r o l

1 . 1 . I . . I Rcid l e C S

I 3 .  - - c - . i g e ( c u l l

1. 2 . 1.  1. 1 D i s i -  I - i v s

1 .2  • 2.4 .se I ( $ - I d 5

1 .1 .2 . -. . 1 S l i c e - $ - -m l -  I

I’ l . I . 2 . - e . 1  S t i l l s
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TABLE 2 . 1 — l u  (Con t inued )

)
I .  I Bring R e q u i r e d  E q u i p men t on L i n e -

1. 1.1 A c q u i r e  Sy s t e m 2e- . u d i n e s s  )
1.3 .1.1 Activate Vehicle Subsystems

1.3.1.1.1 Propulsion

1.3.1 .1.2  E l e c t r i c a l

1.3.1.1. 3 Fuel

1.3.1 .1.4 Hydraulic

1.3 .1 .1.5 Fire- Control

1 .3.1.1 .6 Environmental Control

1 . 3 .1. 1 . 7  L i f e  Suppor t

1.3.1 .1.8 Communications

1.3.1.1.9 N a v i g a t i o n

1.3.1.1.10 Addi t iona l  Displays

1.4 Fina l Pro—Flig ht

1.4.1 Verif y Vehicle and Crew Status

1.4.1.1 Moni tor  Vehicle Subsystems

1.4.1.1.1 Warning Disp lays

1.4.1.2 Verify External Readiness

1.4. 1.2 .1 Ground Cont ro l  C l e a r a n ce -

1.4.1.2 .2 Exte rna l  V e h i c l e  R e s t r a i n t

1.4.1.2 .3 G round Crew R e a d i n e s s
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2 . 2 .  1. 3 (Cont inueci )

b as ic  a ppr oa ch  w i t h  b r o a d e r  l it  (lit V , t h a t  tt i  I I : ( l  I ~ $ * -  app  1 l e d  to i m p x ~ l V c

11c ~~ j h j l ~~t V  is shown in ~ ig I i r e  1. 1 — 1 2  I I I ! 1 i b ] , -  2 . 1— 7 , r e- I I c - c l i ng slctiuri -i rv

in 1 e )r nia t iOu t 1 t t  I I ln c t  i n I — a c t  i o n —  i r l I - c I I I O L  ion  (~~de-ti t cr c- s f o r  - i p-e ;s l i e  I c -

r e f l i c  I i  n e o p e r i t  ion in  event  t h e -  l : - \ S m i s s  i 1) 11 i s  mod i t  led t i e i n c  1 I t $ I c ~

re~ u e - l i n g .  (A co mp l e t e  t a b u l a t  ion of  re i - / c r  r e - f u e l i ng  r e q u l  r e - n i e n t s  is

present ~d in -\ p p en d i x  A. ) this a p p ro a c h is p r e f e r r e d  as be ing  most

gi nc - r a l l y  app l i c a b l e , pa r t  i c u l a r l y  f o r  t h e  type- ce f d i s c - s  e n v i s i o n e d  I or

(;AFI -Is . As is e -v i den t , f u n c t i o n a l  f l o w s  progress  t h r o u g h -i log ic al ri-I Ifli —

I d e - l I t  an d b reakdown r e f l e c t e d  by severa l  le -ve l s  of i n d e n L u r e  to e s tab l i s h

* all e X L c i I s i v e  baseline de finition of sys t em f u n c t i o n a l  p or t or i n a n c e  requ i re -

m e n t s . These requirements a r e  to be developed to  the  l owest and  most

d e t a i l e d  level of i n d e n t u r e  w i t h o u t  regard  to  d i s t i n c t i v e  imp l e- Inent at ion

-n u d e s , h a r d w a r e  concep t s  or m a n / e q u i p m e n t  f e a t u r e s  and t r a d e — o f f  s.

The functional flow ~na1 yses may he carried to any necessar Y level of

inden t ure to appropriately reflect the systematic structuri ng of all

f u n c t i o n a l r equ i r emen t s .  When complete - , they relate t he  f o l l o w i n g

necessary  elemen t of i n f o r m a t i o n :

1) Miss ion  phase

2) Phase f u n c t i o n

3) F u n c t i o n  a c t i v i t y

4)  Man—mach ine i n t e r f a c e -  a c t i o n — i n f o r m a t i o n  u n i t s  Lo sat i s f y

a c t i v i t y

5) Task c h a r a c t e r  1st ics  t h a t  c-a n be a s s oc iat e d  w ith each

a c t i o n — i n f o r m a t ion u n i t

— F unctions and subfunctions are - reviewed and ana ly zed in depth for ptobab le-

vI riation s related to the  system requirement s and o p e r a t i o n s .  Even during

e- u r l .y de- r - I o pn~e -n t  , b o t i ~ a l te r n a t  ive- mission r e q u i r e m e n t s  and t h e  e x p e c t e d

d o w n s t r e am  d e - i c l op m en t a l  impa c t $ 1 sue- h - l l t ~ - rn ~n t 1 v l - .s I r e -  app ra i s ed  to

- 
-. 

pr oduce- an ear l y gross ens t  m a t e -  oil l i k e ly  c rew i n te r f a c e  r e q u i r e m e n t s ,

capii h I l i t  y ,  S p e d  i a l  pre$V~ s ions  O l l h e d . potent i;s l p r o b l e m s  and p r o b a b l e

so l u t i o n s .  In  some -  cases , the human f a t  l~ r s analyst may a l s o  nc-ed t o

p roduce  p r e l i m i n a r y  work load  da ta  and te e provid e information for m a n n i n g
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2.2. 1.3 ( C o n t i n ue d )

and t r a i n  j u g  - a t  j l n l l t l s .  At any r at e , lie mus t  a l it  it  ip a t e  I I  w i d e  var  i - t y

e lf  both norma l and nIII- ~sion—s peec t I C  p e e i - i s l b i l  i t  ie.s to) form a j e I C l p -II Ic- l I t

fo r  c row p e - r f e r m a n c e - f e - a s  lb l i l L y ,  s u p p o r t  r L - q u i  r I - l I f t - I l  t S and d o v e]  OpflIellt

!le e e l S .

In  2- i l imloa r y ,  f t - n c  t i e n al  f l o w s  pro\ ’ i de  a d c - L a  l i e d  and compr e l len s  ly e  i n v en t o r y

at  a l l  -iV ~~ t C III r e . I I I I 1  c ement s  and  an c -x t e n s iv e  c h eck l i s t  of sy s t I -rI flinct 1011 5

a nd C O I l S  id er a t  ions tha t  i - e~st be conside red  in a ss u r i n g  ab i l  i t v  to  p - r f o r m

the  01551011 . P r o p ~-r l y  s t r u c t u r e d , the  i n v e n t o r y  w i l l  p~~~ceud  f r o m  f I l n c —

t ic - na l  in d en t  I r s -S co mmon to a l l  s i m i l a r  sys tems  ( e . g .  , a i  re -ra t t j , through

indent arc-s pc-cul j a r  to  an a i r c r a f t  type  ( e . g . ,  f i g h t e r s)  and  on to  func-

t i o n a l  e l em e n t s  t h a t  are s p e c i f i c  to miss ion  o p e r a t i o n s .  D e t a i l e d  a n a l y s i s

at  t l i e .- f t o n c t  i ons  is r e q u i r e d  to  d e t e r m i n e  bas ic  m e t h o d s  of a c h i c - v o I I I l - n t

po s s i bl e  e q u i pm e n t s , and man—equi pm en t t r ades  in o r de r to  effectivel y

I I determine w i i i - h  el emen t s  should  be p e r f o r m e d  by equi pmen t and w h i - - l i  s h o u l d

he p e r t  a rmed by man .

l ist- ker c- l c-irent ref t h e  f u n c t i o n a l  f l o w  a n a l y s is , f o r  c o m p u te r i z e d  s tl c r aCu

and use.- , is the logical chain re t careful ly devele-ped and clearl y distinct

f u n c t i o n a l r e q u i r em e n t s  at each level  c f  indenture . At the top  level ,

a logical  c h a i n  of un ique  f u n c t i o n s  is s y n t h e s i z e d  to meet  a mar c- gross

f u n c t i o n a l  need t h a t  c o u l d  be t i t l e d  “C o m p l e t e  Miss ion . t ’ C o n v e r s e ly ,

* 
each top  level  f uo c t  ion establishes a f u n c t i o n a l  r e q u i r *~r~c-n t t ha t  inc ludes

lower level , s i m i l a r l y  u n i q u e  and st- U c o n t a i n e d  s u b — f l I n t i an - s  l~i I i c l I  d e f i n e

all  necessa ry  and re I i t c d  a l e me n t s  to  sat  i s f y  i t s  O C I d S .  T h i s  pr o~- c-ss

c a r r i e s  on down t h r o u~~h more  and  Ino ra  d a t  a i l e d  t u n c i  ions I IPI  i i  a l l  p o i - s s i b l c -
) C l e m e n t  s ar e  i d e n t i f i e d , as si l ah i e  and i d e n t i f i a b l e  p or t a r m a n e e  r e h j  c c—

t i ve s / cr i t e r ia  t O O t  can he assoc ia ted  w i t h  t he  f un c t i o n a l  e ) e m e n t s .
4

Carried tti r eIII d il li e lowest Leve l  of in d e n tu r e , the  f u n c t i o na l  I lOW S w i l l .

i n c l e r p l ’ r . I t C -  e x t r e m e l y  sp e ri  f i c  ac t  i ons  t h a t  mus t  be p e r f o r m e d  t o  sat i s f v

t he f u n c t  i ai ;~l rI - q u  i r em cn t  , and i n f o r m a t i o n  t h a t  mus t  he ava i ab l . e a

p e r f o r m  the r e k I t o d  a c t i o n s .  The r e s u l t  is an extremely etc -tailed and

- 
-~~ c o m p r e h e n si v e -  in v e n t o r y  of t - v c - r v  p o s s i b l e .- r e q u i r e m e n t  f o r  t h e  m i s s i o n .

.-\ t  t h i s  level  of d e . - t a i  1 , t h e r e  is  I css q u e s t  ion as I c  w h a t  c a nd  i d a t
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2.2. 1. 1 (Continued )

e.-qu i pmi-nt  w i i  sat  is f v t he.- need , if in fac t such  equ I pin eut  exists (wh Ic

is mo re r i -ad i ly apparent). S int l larl y ,  t h e r e  a r c -  f ew e r  j u d g e m o r i t a l  fa- tors

in i d e n t i r v o n g  and performing specific man—equi pment  c a p a b i l i t y  t r a d e — o f f s

for a functions allocation.

Effectiveness of this particular activity is one of the most criti c - al to

es tab l i s h i n g  a s t anda rd  base l ine  f o r  any  sys t em ( e . g . ,  a i r p l a n e )  f e s r  use. -

of CAFES.  It is also one of the most difficult in t er m s  of m a i n t a i n i n g  a

consisten t and logical chain in the.- structural breakdown . Most frequentl y ,

the tend€-rs cv is to skip the logicall y structured cha in of requirements and

i n-l entti res and to get to specific hardware app lications concepts as rapidl y

as p o s s i b l e .  In this circumstance , the result may be unique to the system ,

the  a n a l y s t  or to the specific system concept at h a n d , and may lack the

required generality for repeated use. According ly ,  a whole new dc-volop—

ment may become necessary for each new analyst or new system . (One such

contrast was reflected in the distinctions in t he  f u n c t i o n a l f l o w s  f o r

- - Figure 2 . 2 — 8  and the associa ted  i n d e n t u r e s  of Table 2.1—6 , in comparison

‘ with a similar intent for Figure 2.2—12 and Table 2.1—7 , which is con-

tinued in Appendix A.)

2.2.1.4 Function—Action—Information Req uirements

The analytic procedures for performing preliminary functions analyses are

dependen t on the analyst and his objectives. Several alternatives exist

for this particular analyses, e.g., to make the allocation from the level

o t  the detail provided by the functional flows . However , experience h as

shown that more task—related detail is desirable before making allocation

F trades. A format that has been useful in producing this detail in an

appropriate context is system “action—information requirements ” (Fi gure

- 2.2—13) or to ca r ry  t h i s  even further and reflect associated trade—off

information and data (Figure 2.2—14). The action—information requirements

define the specific actions necessary to perform a function and , in turn ,
:1

those  s p e c i f i c  i n f o r m a t i o n  e lements  tha t must  be p r o v i d e d  to  p e r f o r m  the

act  ion .  An o t he r  f o r m a t  is to d e f i n e  t h e  - i c t  i o n — i n f o r m a t ion r equ i  rements
as extensions and part of the functional flows (i.e., as more detailed

levels of indenture).
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System Function!
Requirements

Action Requirements Informat ion Requ irements

Common to al l
Approach Prof i les

1.0 I n i t i a t e  Pre—Approach 1.0. 1 Review Approach Orientat ion
4 Procedures Approach In format ion  Approach Constraints

o Approa ch Requirements
o Obstacles
o H a2 ard s
o Weather M~n i n l a

- 1.0.2 Coordi n ate  Communicat ion
Approach with o Path Designation

- - Control o Unique Limitations!
Constrai n ts

o Environmental Conditions

j  1.1 Acquire Initial Nay! 1.1.1 Determine Runway Position and
Runway References Relative Runway Orientation

Position and Airplane Position and
Orientation o Bearing/Range

o Alt i tude  Ab ove Field
o HeadingfTrack

1.1.2 A ssess Runway Position References
- Requ ire rie nt ~ for A/C Position Reference

Ru nway Ai~proa ch Appr oach Profi le
Approach Path Constraints
Environmental Limitations
Guidance/Contro l System

Performa nce
Missed Approach Procedures

~T ~~R L  2 .  2—1 FUNCTIONAL ANALY SI F , REP RES~~NTA TT VE T1FVT~ I NF~~ (iF ACT TO N / I NFORM- ~TT I e t~

RF OUIREMEN ’r S (ADAPTED FROM REFEREN CE -‘e 4 ’t
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2.2.1.4 (Continued)

The resulting level of detail leads to the identification of specific

functional elements for allocation. Additionally, the particular deveiop—

sent t h a t  has been pre sented in the  preceding outline and figures can be

developed for a general purpose basic format , emphasizing fundamental opera-

tions t h a t  are not hardware specific (Figures 2.2—9 through 2.2— 11+). As is

apparen t , a number  of r e l evan t  t rades , dec is ions  and candidate allocation

concepts can be identified with early and preliminary d e f i n i t io n  of syste r

requirements .

2.2.1.5 C1nI ida te Control—Display Equipments Identification

Candidate equipment can be identified and listed tentatively for every

detailed requirer-t-n~. Indicated by the functional flow and ~ction—inforrnation

requirements. These candidates would cover all possibilities , including

functions that are common to all such systems (e.g., aircraft) and to a

type (fighters) as well as those functions that are mission specific. To

the extent that functional requirements indicate a performance objective

or criteria , the extent of equipment ability to satisfy the requirement

can also be appraised. Equipment ability to satisfy several rela ted or

alternative requirements can also he identified . Finally, each piece of

equipment has associated with it detailed task requirements. Accordingly ,

deta iled task information is determinable for trade—offs related to

completing functions allocations , for identifying task performance problems ,

for possible new concepts involving equipment—task Integration , and for

all subsequent phases of lIFE efforts.

In sumtuarv , equipment characteristics related to detail functions can be

identified and data obtained or made available to t i e  extent that r ight

he req uired for functions allocation trade—offs . Several trade charac-

teris t ics , features and possibilities become more readily apparent at this

level of detail , e.g. , equipment reliabilities , capab ilitie~~; man—machine

in terface features ; and related crew performance require ments (including such

features as task elements , comp lexi ty ,  ti me accuracy and reliability);

dimensions ; wei ght; and cos t.
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2. 2. 1 . h Cr U-w — E qu i psi-nt 1- une t I - ~~~ A l  I - e -  i i  I - -I

‘it  thi s ; p o i n t , p a r t i — u l a r l v  w i t h  l u n e t t o i j i l  I- i n t l  - i l  i - - l 1 — i l L I e r l . I I ~on

req ti i r e -m on t  s c:a r r  ic- d to q u i  to dot  ;i i i  eel c - V t  I~ I ’ I J  I ~ i ieI I i - i t  eqi l  i 1101(01 t S

b i d  c l l a r l i c - t e . r i - ;t i c s  id~ nt i t ieel , th e. - . l 1 l b I l \ S t  w i l l  j i v e -  t h e  l I c e  c - - - - - i l ’ . m l

C d t  i l l )  t o  p e r f o r m  a credible s e r ie s  of  t r a d e - — c l  fs t o  - i i  - i t  110- t 10115 1 -

m a n  ai~cl !0111C11 i 00

W i t h  t h e . -  p 0 - -cc -n t  HF ’ E t e c l i n o l e e g i c a l s t a r e — c t — a r t , t h - r c -  I S  l1- c- l e - i r I v

de.t i c ~~i~~ l t  w i v  to outline all analyst dec isions , Operat l O l l -  a nd  0 l l i - t r l  I f l h I l ~

h : I c r l— s - q I ! t p : I e I ; t  interface elements that mi ght be invo l ved in perf e rrIS ing 0

l iinct louis  a l l o c a t i o n .  The allocation p r o c e s s  can  he- d e s c r i b E d , east

. 111 1 c c - c  l on e -c- and allocations can be used , and historical result s e~;l I l  cc

ip p i ltd. Programmable features for dat~i r e t r i e - 5’a and  p rocess l o g  ceo be.-

used t - - s u p p o r t  t h i s  process  and to  va l  i d a t  e~ results , h r  to  I S I j D e  r e .  a l t  o r —

Lit ly e . -  a 11 oc-i t ions .  Howeve r , t he u l t i m a t e  d c - c  is  ion and r c-sp cn i h i  i -;

SCi  11 r I -m ai n w i t h  the  ana lyst; l~e may as - c e - p t  t h e  p r i o r  data or mriav

- i n - ii tern ;ttiv e.- because of some special mission f e a t u r e  or o b j e c t i ’~e ..

4
l -e 1 Low i ng  d i s c u s s i o n  summar izes  i n f o r m a t i o n  to  be cons  i L- red  and dc  s - r i h e - -

an i~~p rcca ~-h to performing t h e al locations . As a p r c - e : l u t  i ona rv n - c t  - - , t~ j i t ~

a c t u a l  j t i l i t y  r e s u l t s  in a p p i  j e O t  i on  w i l l  be d e p e n d e n t  on t 1 e -  I e-vel e l i

det i ii ~i i  I lab  le. - , and will involve t h e  t e c h n i c al  k n o w l e d g e  1111 ) 1 U - I L - c - c t  I so

• - i  t he- i l l _ i l  vst . lle wever , t he  bu rden  e 11! t h e  a n a l  v s t  w i  1 1 b~ r I -d o - E d

draniat b illy i t pr i- -eding (letaile.-d informa tion is ;ivai l i b li- , ;ind I I I !  he

r~ - 1 u- - e-d touch furthe r if an ana lytic method c cl coot irming all ccc-at i c - u s  i s

: i ; i e l  i€- d i c r  preliminary allocat ion con c e p t s  (c- . g. , The. Funct ions Al locaL i i i

I - lo d e  1 and  The W o r k l o a d  A n a l y s i s  i n  CAFES )

- - In pe’rforniiiig the actual allocation , the 01111 l y s t  j a I l  pro ceed 4 y s t  e - : ; ; i t  i c;i l i v

t h r o u g h i l l  f u n c t  ional  r e q u i r e m e n t s  and ~d e~i it  i i  v Sp e c  la  I or opt  1- 1 1 1 1  i l l  c~c a

t i on S  (-0 .- c-ring candidate equipments to su It the fle~c- cl. -\ l  t c rna t O c T  V , l i e

m l  ~ - i t  j O c l ! t  I fy new equipment or a u t o m a t  ion con - c -pt s t ha t ) e . O r  co i ls  i e l c - r a t  i on
A

or :li 1I h t be re-quired , either to satisf y the O i S Sj o n  cr  t e e m t  - - r o t e  s c - i c  e t c - d

r e q u i r c - o c -n t s .  Spe -c i f  ii assumpt Ic~ OS  tha t may b e . - i nvol  ~- e.-d ifl ~~ i r i e ~ r !I1 i iDg

I c a n c t  j ell s a l i c e at ions may a l so  r e l a t e  to  genera l  o b j e c t  iv c - s  01 I~e -e ~e I 0 —

~~ - l I t 5  s u c h  as variations in desired crew size and s k i l l s  - -r t i l e  p o s s i h i l i t
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2 . 2 .  1. 6  (Co n t i n u e d )

of jot raE-n w t a sk  s i lO  i lug. .Judgemer n ts that I f lb i ’ 1 be req u i red can vu r~-

dr a i ro i t  ~c;Il l~ ; a r a n g e  of  parameters such as are indicated in Tuhie.- 2.1— 5

oar ’ he.-a r c on s i d e r a t i o n .  A d d i t i o n a l l y , ap p i  b I l L i o n  of  such t r a d e - — c - I f s  as

arc - i l l u s t r a t e d  by t he  ‘ F i t t ’ s L i s t ” c o m p a r i s o n s  of man ’s c ap abi l it ie-s

versus equipment capabilities (‘fable 2.1—9) will be involved. Als o , t h e

man— m ae- li m e interfac e.- l m a r a e .  t e r i s t  ics t h a t  we- r e.- o u t  1 i n - d  in  l a b i  e.- 2 . 1—3

will be.- elements in suc-h jud gements .

Resulting allocations wil l remain to be v er i f i e d  in t e rms  U t  su ch Varia—

t 1011 5 as prc hab ie  success , crew n u m b e r  and skil Is , operation al feasibilit y ,

and suitability. Limitations in past app lications have been in the a r - - i-

o t: detail de finiti n and consideration of all requirements , confirming

that all possible requirements are met , providing specific consi deration

and comparisons of viable options , or establishing variations in l e.vcl s of

automation that might be desirable. Use of quantitative methods to

i- - -rform specific allocation trade—offs has varied. Finally , verif ying

suitability of allocation s analytically has tended to rel y on detailed

4 time line analyses and workload estimates (with iterative U5C~ of mockups

and various levels of man—in—loop simulation).

Eventual completion of initial allocations are somewhat interactive with

all rcic sequent activities. As performance of the analyses described later

discussion~i indicates a problem area , resolution of the problem may well

require re—examination of the initial allocations.

2.2.1 .7 Gross Definition of Intracrew Tasks

Initial .~~~location or specific tasks to a g iven crewman is the responsi—

4 bility of the human factors anal yst. This initi al task assignmen t may

be done on traditional or experience grounds according to- rim i l ar activ i ti c s

performed in like vehicles. Ibis allocation provides the basis for assessing

4 t Ime line teasibi lity crew interact lotis f o r  crew workload.

In earl y phases of system developmen t , the human factors anal yst is most

m t - -rested in gross capability of given hardware systems to perform the
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TABLE 2 .1-8: PERSONNEL/SKILL ~$SUMPTIO~ S

- ‘.c c -A l .

1_ yp, R,- -~ 
I _ h c r t r c - - r c c - ,

Si~~ t l - c  l~~ . e - , l ry

s k i l l  o-~- - :  i n-ye , -,-

D r  e l - n e- II — -I yi-i-
Pr i t - - l e e r  - L , -v e l
B e c 5 - - , - , i e e ~I I c rc-

I c I e r  C Fe . c rcr ~-v
U~l - ce e n en -r e i e t . r f i r i - c ; e r

P- i l l  nc-c

A l  t i - ne - I t  I v ~~-s

Pr c r I I r ed - — - I t
O t l e e r  —

e 
‘I_IC IIA C I c C!

Phv r- ra l  C~e er d I c e - r e

St ri-r n e~O-
C~r - r c l  I n e t  or e

S k e t l  t e ,  I

P r a c t i c e 1  !r . c ~I 
a O t h e r

SI.!O - 1R ‘nr c e.

V i n j c c c e — A- - ee b t V  A -~J i ! e e e i - - e t y  Te . t O  c r  Il~~i e r

tk- cn t h  l~~r c e p l  ion  C~ ce D i - - r ~~c r e ,  c - c e 1c- , e r o - r t c o r t  t i k c ! t s
Corer ,  e- ~! di r - - y e  j o r c  l~~~cc:;  r   n c H - —  or~~, - Tcne- St r i -c

Color Or- c - c - c c - c  0 -~~o . - - 1 1 c r - c .  . - r  D e x t e r c c y
Re 1- . --- . Tine ? n c o  0-c-n Il, - r c o r s p a t c b c c e t e

4 r ! c y s c -  I ’ -c --I 1c r i~~- r ? l t ,  c c cl cc - c Sensitivity

10’ t,- r - . Re r cogr ie tc r- - c ical Tr ed,-—c)l (c Other

DICe r

1 vI! cOC R Ch AC 11.0

Apt I t e ! , -  l d ec rcnc - - -cc- -s

Mot ivat ,- - .; C e c e r a l  1 r - r s u e i I it v
At t i !~ c 0 IQ
Ternj - r i l e -n t Pr cc t i c - i l Cr - 0 —e l m

D c c c  I c e  O ther

A I c  . - C c l r c - -
A- :~~ I y t c c  c . c - c I t I t v
Oh 11 - c c - I  Iv

- 
- 
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S I A N  V S .  M A C H I N E

M A N  E X C E L S  I N  M A C H I N E S  E X C E L  I N

Detection of certain forms of -.- e.-ry Monitorin g (both men and machines)
low energy levels

Sensitivity to an extremely wide Performing routine , repetitive , or
variety of stimuli very precise operations

Perceiving patterns and making Responding very quickly to control
generalizations about them signals

detecting signals in high noise Exerting great force , smoothly and
levels with precision

Ability to store large amounts of S ton ing  and recal l ing large amounts
information for long periods — of i n f o r m a t i o n  in short time—
and recalling relevant facts at periods

a appropriate moments

A b i l i t y  to exercise jud gment Pe r fo rr l ing  comp lex and rapid
where  events canno t he complete ly  c o m p u t a t i o n  w i t h  high accuracy
def ined

Improvising and adopting flexible Sensitivity to stimuli beyond the
procedures range of human sensitivity (infra-

red , radio waves , etc.)

Ability to react to unexpected l)oing many different things at
low—probab ility events one L I _ I l e l ’

Apply ing  originality in s o l v i n g  l) e duc t i ve  processes
problems : i.e., alternative
solutions

Ah iiit y to profit from experi— Insensitivity to extraneous factors
ience and alter course of i~ctjun

A l - i l i t y  to perform fine manipula— Ability to repeat operations very
tion , expeciall y where misalignment rapidly , continuously , and pre—
appears unexpectedly cisely tile same way over a long

per iod 
-

• Abil ity to continue to perform Operating in environments w h i c h  are
- when overloaded hostile to man or beyond human

tolerance

Abil ity to reason inductivel y

TABLE 2.1-9: “FITT ’S LI ST CO~PAR1SON OF MAN ’S CA Pc\1e1LITIFS VERSUS !IQUIPMUNT
CAPABILITIES (From Reference 46)
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2 . I . 7 (~~e -l l t i n u t - c l )

I l l i e t it ’ll an d 11 1 05  f l h i i l l — e q l i i p t t l e tl t e a p ~t b i  I i t  v fe -a tc i r e -t ~ if ! e c l i n g  pe r l e l r i - . e l ce r . .

Ilie :1T1 i I V i - i t , te ~ i i e - r i e i r lri l b s  j e .)b nicis t i ’ l t c O t  i v t .’l y ,  I le l e l !  e - : - L c - n s i v e  ( l i i i

f o r  r e- v  1 t c  a n d  p r e l  iln i l i l i r ,  el i -c is ions, l I t -  r c - q e i n - n t  l v  h e i S t  a l I t  i t  i j l c i  - the

det i i l c d  i tfl;D I - 1  0 t t lie l i n e  t i ems Ii) bc 1 c r  t o  rm nc-e l 1115 t l i i  i fl I I c i e  - l I e  - e - c e l l !  I - I /
e l I  sj ) I I V  r e q  i i i  r e - m i ll t 5 t Ie  I c - I  tOI l  , b i n d  pc r or n iC i t l c  c- c - a t  i ris - N i c e  i i  i l l  I - I —

I I I !  i ’ll - l e t  L O s S  tie ’ ! I l  led crew ~~~~~~ (1111 w o r k l o a d .

E c i t i e  I t~~c I c j l  1 1 - 5 5  i ntl func - t (cr 1 1 5  analyses c r c c v i d c  a ( - c c m p r e - I I e - l l ; I v e -  e D I O l l l i 7 e —

I c it e e l b i l l  m i s s i o n  j u n c t i o n s , I re D m s h e l l  g r o s s  I i i n c t i u i i  i i ]  b - l i o n s  l I C e 1

j i l t , - - r e \ ~ : lss i g m t m c - n t s  ~lay  b e -  made i f  d e s i r a b le  or  ne c - i-c1 ; c r y .  c \ l  0 1 1 . 1 !  i -

I Ii l I C a l v s t  ir e sb te l  pe r t or !— t h e  al lo rat ion  and  c - c c a l c i . c t e  l il t ’ t I : : c e  I

.1 : l c I . e n r  1O r k l - ie l  i mp l i e -I l t l c e f l S , f ront  ~ h i t -h c r e w  i l h l m i - c e r r e - d e l  re - I -h o t s  e e l l I l J

be e j c : l r : l i secl (or  a l t e - r I l  m i — e ly, spc- e - i f i c  hl e c -d s  t o r  i n - r e . - c ; - 2  ~i i i N  l i t  i~~t I

cc n m i l d  be l i - cl  c i i i ) .  O I l -h  i I c t j V j t i c 5  r e f i n e  t h e  base-li ne b r  c - i  t o r t s

r e l a t i n g  t o  cr ~ - s- t a sk  d e l  l l l l L L l f l S , c o n t r o l , d i s p l a y ,  a n d  - p e r a t i c o m l s

r e q c l i : c - i  c i i  , cr 0 5  s d . i t  iOO C e ) l D f l g u r l t i o n  l l l i c c j ) 1 5 , s - r k ] c c : i . l  c - v i l e  0 i e rn cc ,

c r ow  s t a t  i~~n il dn . -s igo - elev (  I Opilici n t ev I l  I t i l l  t I O i l , 1111(1 1 lie t r a i t i  in g  , man n  i l~:~

and c r c  - c e - J u  r i - s r e q u i r e m en t s .

The  h u m a n  f — i c .-t o r s  on g i n e e r  ig  ;i I S I V S t , ~i L  t h i s  p o i n t , lids a ~l n t  Il l I c l i  111,1

well orgcn i ~ced i n v e n t o ry  and  ehec-Ni i s t  ot ~ s y s t e m  Iuiie - t l c D fl - l to  c c -  o r !  oru je-d

a c o r n - i  i t e o d a n a l y s i s  of  f u n c t i~t nIi l r e q c i i r e : - .i - - c L t s , a i d e  r n a t iv c -  allo c- :i t 11111

( c o n c e p t  s and associated t a s k  r eq e t i r e men t  - - - T h -  l i l t _ I  lost m u st  be c o b ]  c- I c

c on v c - r t  t h e s e  j u n e - I  i ons  i n t e r  spec i f  ic m a l l — e q l l i p m - s - m l t  i n t e l- v i  L i  nfl  nn - c j m l i  r e —

: l k - m l t - -i and concepts , and to  r e f i n e  c on y  ad dt t i c r m m ; c l  d a t a  r e - c j c ~ i r e m - o t s I c r

Inure  s p c- c i f  it- dc- f i n  i t i o n  c r 1  l l l l r d w b l r ( -  f t c - m s  and  t a s k s  r e - b - l i r e - I  c - f  t b c e -

CC SC ill .  The i d e - n t  i f  i c - c o t  i on  of l I m e -  e q u i p m l l c - n t  , L I c e -  t a sk s , t h e  - i  0 c c - O l e -  o f

t a s k s , -‘- d t l ie  o p e r e t  i o n s  th c- n h t - e -ome t ltc- has is I dl r de- v e-1 . op i l i r - u c l I r  j n~ - .

. i n i  c - v a l u a t i ng  c I n I I J : I t c -  d r e w  s ta t  1 c m c c I h e !1t 5 .

2 .2 .1 .M O p n -r t !  j o l l a ] S c - q u c i l lce  Diagrams (OS1) ’s)

I l d d ’ S 1 re  e l i  ti-n app ] i eel 1 r o un d  LIt is pd lit in  d iv e I op m -n t  a I ana l \‘5e 1i

( F i g i . ir e s  2 . 2 — 2 ;  2 . 2 — 3 ) .  il ie I : l e - t h i O i , Illustrated i n  Figure- 2.2— ] e , i s
C’ u s e f u l  in  L r i  k i n g  s r - s t  em i n f o r m a t  t e e n f l o w  and el i - c is ions I l k - I s  1 c Y i \ e T I e i l
11
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2.2. 1. 1 Le c Il 1 inued)

b e t w e e n  sc ib s  y —- L C n n -i and bet W e l i  I lie mcii nin d eq c i i  pm ef i l  , - . g . , t lii- I r a m s  t e n

at  t h e- m a n — e - cj u i p m e t i t  I l t e r l n i e - e- . I t  p r o v i e l e - s  f o r  a s s u r i ng  t h a t  t h e - r e -  a r t -  flea

cI~)eli Iom ~m s in the c h a i n  of  e v e nt s  i n v o l v e d  i n  ac -romp i i  sit i ng  a g I VeIl l i m e —

t i - o h , and f o r  y e n  ifving that t he  r e q t i i r e - m n c - n t s  a r e  -- c i i  t ably  m et .  i t  I I l f i  he

p a r t  i c e i h I l r l V  u sef u l in  p e - r f o c -m i n g  detailed evaluations of c r i t i c e  I t a s k

e y e l i d s e r r  f o r  c r i t i q u i n g  de t a i  l ie1  ch a r a c t e n i s t  l I ~S elf  t h e  man C q i i i pi~e f i t

in  t i - r f a c -~- , For u xamp l~ - , oy e~f l t s  and ac t  iv i t  I c - S  I I SSOc lot  I - c l  w i t h  a cn it i c a l

t a s k ~i n be t r . i e -eel  b ack  ant i f o r t h  icc - t w c e - I I  —im u b s y s t e m s , be t - w e - c - : ; subs~- s t  c- I l l s

and d p i - r a t  ors  , and be twe en ope m l  - c r 5 .  I - i  th s h dc-tail , t li i-  ana  l o s !

r if  V L i m i t  L i  ce s e m i  u I tell) l 5 1]) p rop r Ia t o  , 11111 t a 11 ml e- c - essa nC I e- ~~t lire - -- e e l

i n t e r f a c e  i n p u t s  and o u t p u t  -c a r e  p r c - s e - t i t  , and t h at  he coinpre lienel s h ut - ov e r -

a l l  op 5 - r a t i o n .  A c c o r d i n g l y ,  hi- has  t h e  n c - c - e s s l r y  j n f e l r n ma t i c m ll t o  I s r i l l i t e -

spec- i f  ii~ e l e m e n t s  in th en f l o w  t h a t  ~c r c - of i mp o r t  to  the- c r c - I c , and  to  c - V a ] —

il at e  Su i  t a b i  l i t v  of t h e  m a n — e q u i p m e n t  i n t e r f a c e  ( in c lu d  i n g  t h e  I vpe i d

r e q u i r e m e n t , e f f e c t i v e n e s s  of t h e  man ~i t  p e r f o r m i n g  t h e  r e q u i r e m e n t s , and

a p p r o p ri a t e n e s s  ci  i n t e r f a c e desi gn f c - e t e i r e - s f o r  e - f f o c - t i v e ’  p e r f o r m a n c e ) .

In a c t u a l  p r a c t i c e t , use of OSD ’s is a v a r i a b l e  r e l a t e d  t m  nnalvst pre—

te- r ollee ’. Thr ough fu n c t i o n s  and t a s k  a n a l y s i s  or t h r o u g h  f e rn ;l i OSD development

t i l e  j u t  c-n t  is accomp l i s h e d  b y t h e - a n a l y s t .  As iliush r a te - c l i n  t h e  re-p m - i - c -cl—

t a t  ive- d i a g r a m , the  m e t h o d  is f o r m a l , d e t a i l e d  c h i c ]  l a b o r i o u s .  C o n v e r s r - I v ,

i t  is f c - a s ib l e  to use t h e -  me thod  at  g r o s s e r  l e - V I 1S , ntnd 5011Cc analyst S d i S c

i t  in  such  a w a y .  R e g a r d l e s s  of  ana l y s t  p r c - t  c - r e - n - os , t h e - r e  is ge l e v e l

a g r e e m e n t  tha t OSD ’ s a re  UIdr f cii  t o n  t h o c o~- I j i e  r i t  1 e l lS ana I I - s e - s  I ny c )  l v i  ng

c r i t i c a l  t a sks  or in t e r a - -t  ions  among s i -y e - r u  cr es- Oc F I b e r s

I) Task — Work load  An ; m I v s i s

I lie p r i m a r Y  p u r p c c s e  of a t a s k  an a l v s  i s  or t w o r k l . c l l m h  ana l ys  is i s  I n I  i rm

t hat  task r c - q u i n e m m e n t s  c - an  he-  m e t  w i t h ou t  u n du e  d i  I I I  c u l t  tm~ ou ch  do fle e t

jt,vcl vo c rnf Ii c t  ing d emands on the  c r ewman ;  t h a t  p r - -c .- i s  i on s  f o r  tas k

performance arc- e f fe -c t i ye - ; a m i e  t h a t  t i me and w -rkloael c - O i l d  i t i c r11 5 a r e  suc h

that ther e - is an adequate- mar cn in of task t i m e  t o  c - r f c r r m ,

T a s k  a n a l  vs  i s  in c  I t i l e - s  task dc- f iii i t ion , d ov i  r i ne- cr i - w  a c t  I e ) l i 5 , informat ion

r e - ~j m i I  r e - m i n t s  and  m w  p e - r t o ~~~ance  capahil i t  b e ’ s  V S .  c o n t r o l s , d i s p l e o s
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2.2.1.9 (Continued)

associated crew performance requirements. Three elements accrue : (1) an

appraisal oh task difficulty , feasibility, and s k i l l s  f or ref i n i ng con t ro l /

d i s p lay concepts and feedback to ea r l i e r  urocesses ; ( 2 )  task sequenc ing ,

t i c l l c  and t l m r . e t j l l e  feasibility; (3) initial control—dis play—crew operations

requirements .

task analyses objectives are to comple te  and r e f i n e  crew t a sk  d e f i n i t i o n  and

task data, Initiall y, this consis ts of conver t ing functions nihi oc a ted to

tite crew and control—display imp lications to task requi renrents and features .

~ e- s e- task elements are evaluated to assure adequate provisions for c - f : c m c —

tiv e crew—equipment performance of each task. Basic task teasihllitv is

evaluated , constraints for man—machine interface operations are identifie d ,

and associated design/development needs are specified. Potential neafl

em u ip m e n t  combinations are evaluated  f o r  t u e  type  of crew per fo rmance  fea-

tures ( e . g . , ski l ls, percep tual motor) that are involved. Limitations are

further appraised for: system performance implications , practical si gni-

ficance of such imp lications ; possible reallocation; or possible resolution

by c- -cntrol—di sp iav design features . As lircitations are resolved , - c c n t rol—

disp lay re f inemen t s  and ope ra t ions  requ i rements  are s p e c i f i e d .

DETAILED TASK T IME L I NE

The d etai l ed m i s s i o n  t i m el i n e  p r o v i d e s  t i e  base  f o r  ev a lu at i ni .  dO t o  I L ’a S i —

b i l  i ty of task  comple t i on  in t i m e  and of r e su l t i ng  crew me ~m hner w ork  I coma s .

I t  p rovides f o r  i d e n t i f i c a t i o n  and c o r r e l a t i o n  of the i n d i v i d u a l  c r e -~- t a s k s ,

the order of execu t i n n , and  t hic ~ estimated time elapsed .

— Initial mission timelines described ear 1 icr (sec tion 2.2.1.2) amount - -c l to

gross task definitions , to beg in t he comparison of candidate equ irere - - ; t / n ; a n

f u n c t i o n a l loca t ions . The - i nit i a l  e v a l u a t i o n  of til e t i t r - l i n e  is si r ~i i a r

to the top level indenture of a functional flow block diagram , in that

many tacks an d individual elements are grouped into relatively long t iil e

frames in order to assess the impact for a crewman over the total m ission

segment. Successive iterations tend tn concentrate on those segments of

t h e  mission which have critical time frame limits , critica l work loads ,

critical activities requiring intense and all e- n c ;omt- .- h d c - ~ i f i g  concentration
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2 . 2 .  1.9 (Cont  t on e d )

of t h e  c r e w , o r thos e- ac t  iv It ic -s with ci cem e n t s  whose- ( ‘X e e  lit I O f l  i s  n l a n d b i  t c r y

for s l i c e e - SS Uu l  comp letion of the  mission seg m e n t  u n d e r  i l Iv e - s t  igat i o n .

(F i g t i r e - 2 .  2—6 Li leistrates an in i t  ia 1 t imel inc c - va 1 t a t  l O l l  i t  t be In iss i o n

p itase level; b-’igure 2 . 2 — 1 6  i l l u s t r a t e d  a d e - t i j  I u d  s n e e c u e l  h~ t into—

l i n e ’ e v a l u a t i o n . )

The m e l  I F I c~ i s  a ch rono l o g  i c - a l  l i s t i n g  en f t h e  u -V - m e t  S n - -: 1 c c  - t c - - I e - d c  e z r

during the execution of a mission or m i s s i o n  -. -g m u c - c l t  . I b ~ I l c l m c i n  t i c  tor .

a n a l y s t  is r e q u i r e - ct to s p e c i f y t a s k s  to  be a c e - o m p i  i --~~n ’ eI u i - I  I t IC - hln ct b e e n

of the  a c t i v i t y ,  and time constrained limits.

Considerable  da ta  on task  execu t i on  t ime- s a re  a v a i l u h e l n o  in  t h e y  I t I e  1 , u t l i t o ,

human  eng i n e e r i n g  books and I n d u s t r i a l  Eng i n e - c - r i n g  501cr C v .  l er wo c .or ,

these data may not be available in sufficient detail to es se i r ’- di re-c t

applicability. in m o s t  instances it is necessary f t  t h e -  i c d z r c l c c I - c e  F - m s

ana l yst to improvise or synthesize performance t ime c l , e t u to h~ al-el - - te n

comp lete the timeline. The data and methods descr ib -d in t i c.- I c :o I St c r c

produced by the American Institute for Research may a l s e e  be - u s e f u l  in

this regard. Limitations in current data will , hopefull y, be ceer re- ct ed

as the fund of knowled ge continues to build. Each systems development

program should provide some additional information tha t can enhance- a

F data storage system .

Based on r e p r e s e n t a t i v e, s i m i l a r  e q u i p m e n t  and  the type and n umber  ~f

operations or on expected equi pment features , data used ma’,- be from

empirical , measurements for such equipment in a mockup or simulator , or

from an anal ytic accumulation of the time required to perform distinct
-- 

- 
operations with the representative equi pment (e.g., to adjust knob , fli p

switch , push button). If there is no s im i l a r  equ ipment , it may become

nec essary tam estimate from similar task elements on other equi pm ent , or

through mockup or simulation approximations of the activ lt i e s in order to

produce t ime estimates . Alternatively, if specific equi pmen t , related

task events and task sequences are available , ana l ytic or mockup—simulation

da ta shou ld  be read i l y ob ta i nab l e .
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2. 2 .  1 .9  (Coot i t i c t e d I

e\t a ny  r a t e , mi nd  parti c ularly l e e r  t a Sk l - :  i l l  c r i t i e t i  m i s s i o n  p e l r t  l e e l O - : ,

j O l t  i al c - s t  i m m i t e s  or data w i l l  ccc l ii ire- re fin e-me-n t to  t i t e -  e X t  ~ n t  inor --

spe~e i f  1 C edi ct pme’nt tea tor e-s and 0 1)4 -rat  i nn a  1 procedu re- S ar e  i c l i  - I c  t i t  l e d

d u r  in~ sv s t e n t  dcv elopttit-nt . As c i e - t a l  l ed  e - q u i p t l t e n t s  i n c h  o p e r a t  ions  ar e-

de f i n e d  I I  ~-ar lv ana l y s e s , related tine lines will Ice - r e -~l I -~d elI . l l e l V  st ~i h l t . - .

liow eveir , t I O C  to pe - r f  ore  m a y  he - i n f l u e t i c - e c i  by  r e l a t i v e -  p hvsi al le s at I I I

n t  e - e l t l i p l I t ( - I l t s  in t i l l ?  c re~ - s t a t i o n .  A d d i t i c - i i a l  e x a m i n a t  l e n  e e f  e r i t  i c - a l

c-vents ma’.- be - el e- .it- ah le whe n er e w s t a t  i o n  c o n fi g b t r a t  m itt Ce e flc c~ f l t  S a r -

d i C ~ i i ed

Ii ORKLOA 1) ANALY S IS

E ar l  iest possible workload appraisals are - needed t - c . s s e i  F e -  t t a t  l e - s L I  1 t i n ,

task loads are within the scope of crew size- and c a p a b i l  it s - . k c - r k l o a d

ana l vs is is per fo rmed  to  d e t e r m i n e  if  t h e -  a - - c u m u  I a t  i on  c i t  t :isi- :~ p e r  I l t t  it

t i m e  can be p e - r fo r m ed  by tho cre-wnIarl . I h e  o b j e c t ly e  of s l id - l i  10 1 1 1 1 1  \ 5 1  5

is  t e )  v e r i f y  t h a t  no c o m b i n a t i o n  of tasks required of t h e  o p e - r c t c r  t a l - : e -

:~c ’ r . - t a sk  load c ap a c i ty , s k i l l s , or t i m e  to  p e r f o r m  t han i s  a v a i l a b l e - .

- , m r k l e i a d  as a d e s c r i p t o r  of e f f o r t  has been  a c o n t r o v e r s i a l  t e r m , p r i n - i r i  I ’

b e c a u s e  of  t h e  n u m b e r  of v a r i a b l e s  t h a t  m i g h t  be c o n s i d e r e d  t o  he I I I V e l ?cel .

Quanti f ication of effort for appi icat ions as des i red  h e r e  las  been d i i  F i c t i l t

Such related measurement as energy expended , heart rate , physical ae - t i v i t v

and  m an y  o t h e r  elements are not readily responsive to short t n r m  we m rk lcc a el

peaks inc measurement purposes , and are not readily usable as p r e d i c to r s

for short time multi—task events. Mor e definitiv e- re-search may he

desirable , h u t a more pragmatic app  h eat ion to present systems pr cmg r erns

has h e-en needed .

Industrial Eng ineering time and motion methods provided t h e  fr .lrmc wcc r i~ fe m r

a conce p t which has been used in elementar y manual app i i c a t  i o n s .  I s  l I F e

t h e  t a s k —  t i m e l i n c  base , p e r c e n t  w o r k l o a d  j  udgement s h a v e  beet) m a d e -  a— c t 0

• t in- n S t  e F t of mn e -n t a  1 and  ph y s i c a l effort or commit enient involve - - I - i t  I n c  y e - -

-~ m e n t a l  unit s of Lime. Such feature-s as ehe taile* d task ch.-ir ac - t e r i - c t  ics li t !

t l l e  i r ‘‘ I timi d ’ (t asks that d y e  t 1  a pped dO e  It cmi her  i n  L inc  ) - i nc h  kn own ‘ we e t i - —

load’’ problem areas (from past e- - : i ) c - r i e n c , - )  c o u l d  bc t ise -e l t e e  a p p r a i s e -  l i l t ’
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2 . .  1. 4 (Cc -nt  i n i i e - d )

r e- L i t  i vc -  w e m r k l o i c i  f o r  a c l e w  d e i n c e I n t  . Ill m i p p h  !l ! i t ion , tI ’ e- ana l y s t  c e m l i l d

nuk~- intornod juicl gentetit 5 l h e c e m t  b o t h  til e a i t l ou n t  o t  c r e w  ‘‘ i I IV e I lV I F I n n t ” and

Ic- - ; l t t I O l i l )  t O t  r e -se-  rye c m i p : l e -  i Ly t l i m i t  n I l  g i l t , r e 5tt t a I I ) , m l n ~1 t he - t i  c l i i r t emst m a t  ed

cc - sick load t n - y e  Is. R ea soi t ab  Ic a g r e e m e n t  b e t w e e n  a n a l y s t s  is ~y - m m e - r a l l y

o bsc -- r \ - e ’d  in  t he -  r e - s u i t s  f rom t i l l S  i n€ - t h o d o l o g v .

Bas Ic -- pr  i t ic I p 1 c c-i a n d  p r o c e d u r e s  have bee-it dev c- el i d e - el  s - i c  I ch 
~~~~ 

rm i  t w o r k l o a d

comp I r isons between system concepts. (t tti- 511011 flI c t hod r e - - : l a g r l  i Se-s I h a t  an

n c -  r at  o r s iu tc i  I t  and -oI ls  I y pe r  f o r m s  se mv e r :c  I f lUt e’ I io ns  i n  ; l c e O n t p I i 511 i ng  a

S i l I d - l e  t a s k , l . e_’ .,  \ - j s l l a l  a u d i t o ry , s e g n i t i \ n c : , anti physic -al m ot i e nn (e.g.,

r i g h t  l i o n e l , b i t h and , a m o u n t  of travel) , he p i l O t  is , e f t e - c t i v e -  e - v a u u a —

t ion of s t P  I S l e l  re - i ll i r e -c-c recccgn it ion of t h e  I a c t  t h a t  sc - v e r a  I e t p e - r a t o r

“ c h a nn e  is ” a re I ieee lye’d in a t a s k , a nd c O I F V U  r se I y 0 t i c e -  r “ c h al l  n e i s  ar e

relat iv~- Iv  f rn- n - for p e t  t or : c i a n ce  of o t he r  t a s k s .

Improved S e t  1 0 ( 1 c m  L O g S  was des I rab I cc- . hl e i we v e-  r , c o m p u t e r capab  I lit los were

i 1 t e e S S ar V  t o  m o s t  l u l l  Y d e v e l o p  this t n e t h od o l  c c g v  . l i e  CAFI -; S g~m r k l o a d

Ana l ys  is M ode l  is the- Ire -s i -nt c- -v o l  U t  i c -n a r y  ~ t : i g c -  c - I  t h i s  m e t h o d

2 . 2 .  1 . 11) Cr l -w S t a t  l i en  Con ti i e c i r a t  ion C e m e n c e -p t s, i r a d e — O f f s  and D e s i g n

Iii  i t  ia l  objec e i v c - s f o r  t h i s  e v o l u t i o n a r y  p r o c ess arc -  t o  i d e n t i f y  and e v a l—

l a t e f e - i c - i l b l e  c rew s t a t  ion conf  i g r lr a t  i o n s  to sc-l oot a sp e c i f i c  c c m n e ’ept

Sue h cmhj em~~t ices  phase  i n t o  t h e  p h v s  i c - a l  d e s i g n , d e v e l o p r c - r i t  and e v a lu a t  ion

of a give -n e c t i f  i gu r a t i o n  . Typically, this pro - n - - c s h a s  bee- n s t a r t  i ng

s i m u l t a n e o u s l y with , or even preceeding the FIFE a n a ly s e s .  N i c e- ideall y ,

i t should follow the analyses.

I n  n - c r l y  s tage’s , t h e- c r e w  s ta t i o n  des i g n e r  sh o t i l d  h a v e  a t  l e a s t  such  i n f e e r —

n a t i o n  i t s  ( a )  t h e  m i s s ion  r e c p i i r e m e o t s , c a n d i d a t e  c ’ o n t r o l - d i s p l ay e q u i pmen t s ,

i n t e r n a l  and e x t e r n a l  v is ion r e q u l  r e-mo n t  s , c o r r e l a t e d  t a sk  r e q u i r e m e n t s ,

c r e w  v i c - e t i a l — p h y s  ic - a l  a ccess  needs , seat  lF i ~ and i r~’c-~ r o s s/ eg ress n* -eds and

p o s s i b h - - c r t .- w comp l emen t s ;  I b )  spe~c - i i  l e F t  i d O l S , s t a n da r d s  an d  d e s i g n  h a n d —

book r eql i  i r em en i  s , e v e - r i n g  t h e  f u  h~I r a n p e - Ii i - i c - v  St  a t  ion de s i gn var  i ah l  c - - u ;

(c) approximate dimensions and arrangement of the - In c  - o c u p  led s p i c e;
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2. 2. I . I t i  ( C e m ~ t i i t l l t ’ ei )

( c - I ) ge - I c c i i i  g r o un d  r u l e - -c t e l  w e n r k  t i c -’ , i-sto ic cs c - n t  i c - c l  i t y  e e l  ml  t i — ,k  o r

e p e - t  c t i - c c , f r e e i c i i - c c c v 01  l i S t ’ and I U i t c t i e e l l : l l  g r c e l i ~t i r cg ~ef ~- ‘ u t  r e e l s  I n l e t  c 1i~~l - l i V ~~,

1151 i~~) t i l t  l I r e e p l ) I f l t ? t l y  c i t  t he cn p e- ratn irs , ,itid (i ) ec c U ( -  c r  he-sc - i - - i  e r c I i r e h i z ’  - i

d c -sig n i cI Ic t i c e s , bI sect c l i i  i x p e - r i e - i t c - c - , c om p a r a b l i ’  u v u t  o t IS  a n d  m t n a l e g e - e e c i - _

s i t c i a r i on s .  For e x a t t t p l e - , t I l e ’ r e - q t l i r e m r - n t s  in M i l i t a r y  S t a n d a r d  N I L — I l — I i ?

- i c c - -  r e l e v a n t  t l l r e i u g i l ou t  t i l l s  p r o e- es s .  Fr e e m  S l I d - l i  i n p l i t s , ,ui d m r e - I c c  h i s

i n g e n u i t y  ani d a b i l i t y  te e  e i l I t d i - l V e  t i e - v  c o n c e p t s  o r  a l t e r n a t i v e -s t h a t  sat  i s f y

t i l e c  tic - c- IS , l I e  e ’f  f e L t S  t l l e  c i c e 0 S c - S i r y  e - l c : c p t - t e r l i s e - ~ and integ rat i mn s t e l  c l i v n l c c p

c- I c I J l c - L l L e  01) 1 ig d i r c - i t 0115. l t I e ’ c-O a r e  t y p i c a l  lv  re -I m e d  d u r i n g  O c c e - l o p m c n t

- ‘ I  p r o  I i n i in a r v  d r a w  logs , and “ s o f t ” m o c k u p s  a re  u se-el  l eer furth e r c e sc c ; l r  l c - ; c e c i ,

r e- t i r e - n c - n t  ~I f l l i  c - v a l u a t i o n .  M u l t  i p l e -  c r i t i q l l e s  f r i - n  m u l t i p l e -  ~n I c C ~ ; I O u 1 l t S  a r e

a p p l i e d .  L se -  of t h e  m o c k up s  max’ v ~r ’  f re in  p e - r f c i r m i n g  i n d i v i d u a l i-~~ntml p I l a n c e-

c- lie - c ks f o r  ci i sp  l ay , coot ro I o r  :~ r r l t i g e - cs e - c l  t , t h r o c i g h ec- v a l u a  t ion 01 i_ r o y  i s  i o n s

I e i r  cc g ive -r i  s e r i e s  cit  t a s k s , t e  an  e v a l u a t i o n  of  o v e r a l l  ~- l f e e -~ i - e - ne-s~ I c y

c e - r e t  l i l y  and verball y pr ogress log t h r o ugh  t i l e  mission scenario . l rp r uvc-d

d i r  new I -of l - e ’ I:e t c-n may a l s o  be- m o c -k e -d t ip .  Se l e c te d  a re a s  may lie- fu rther

e-X l F e l n e - d  be t r a n s f e - t - r i n g  c - v a l ua t i o n s  to  a p a r t — t a s k  s im u l a t  I c e d

Ice - eventua l ri-su It from t h e  var  i o m m s  cr i t  ique s  and e v a l u a t i o n s  i s  t l m e

- c e - l e c t i on cif ci s p e c i f ic  c an t  i g i lr a t i o t i  w i t h  n e c e s s a r y  r e f i n e m e n t s .  Ic i t h i

t h i S  i-me ’ l i -c t i o n , p h y s i c a l  d e s i g n , d e-~-- e- l o p r n e n t  and ev a lu a t  ion  u n c l e - r g c - e -s

e -o~itin lug it t -rat ion of any of a l l  p r i o r  p rocesses, i_ is r e q u i red t o  assure-

an e f f e c t i v e -  c r ew i n t e r f : l e : e  is e v o l v i n g  t h a t  mee t s  r e q u i r e m e n t s  of t h e

c Ie - m :e l  op in g  sys tem and prov  ides f o r  n e c e s s a r y  crew p e r f o r m a n c e .  T h i s  I : i t t  c - r

t lvi  ty  p hase- s f rum des i gn mockup  e v a  I e i a t  ions t h r o u g h  m ere -as  in g  l v

represent I t  i ve  s i m u l a t i o n  and h a r d w a r e  d e c v e - i o p r i e ’ n t  , and  p rc ce - c- -e - clc -~ - c i  I hi r - s c~~h

(I ig ll t e V I l c I l t  j e l l s . During the process , the cc-of igurat i o n  be c - o r m ce- s f i r m

and less re s p o n s i v e  to sy s t e m  dc,- s i gn  changes for any prob lom s and s oh u t  l iens

u h i e r  t h a n  t ho~ c: that c , in  be so lved  by p r o c e d u r e  c h a n g e s  d i r  t h c e s e -  t h a t

i n v o l v e  m~ or safety—of— flight items .

All t ue - s e -  I -  t iv it i d-s are sufficientl y familiar and relativel y standard in

t he- des ign  p r o c e s s , so that t h e r e is n o need for e x t  e t l s i v v  d i  s c l i c - s 1 c m  iii

t I l e’ t y p i ca l  p r o b l e m s  and  t h e  t y p e s  of s o l u t i o ns  t h a t  l l f l m e - h i - C - I F app i l ed .
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2.2 .1.10 ( C e n t  inueel )

t h e ’  k c -  p e e  m t  to be- made- is t h i a t  t hi- e - f I o r ts  c u t  I I l i ed  ~~~t~~~- l . b u s  1 y W i  11

si g n i f  j c - c c l I l t I \ -  imp r o v e  eifl t h e  t y p i c a l  l i t t t i t t i  i o n s  t h a t  a r e -  C d-~~Ie5~ e d I  m i t  t h i s

- h~~~’~ l e e  c - - c , - l I t  u t  -

ke c-mIlItS Ic - s d i n t o  the- test and c-valuation p r o gr ; I I I I , w i t h  111cc o b j n ’ c t l y e ’s  t o

de-uiems tr a te - that the overall development suitably m eets mission re quir e—

L Ie -n t 5 CO d t h a t  the  Sy s t e m  c- -a n be c on t r o l l e d , op e r a  t ed , ma ititaioe- d clO d

s u p i c e e t  c - e l  h e t r a i n e d  p e r s o n n e l

2.2. 1 . I I Manning , Training and Proc edures Requirements

Cc - n s t  0 1 - c y s t  ,- :c c-p c- r a t i o n  and  m a i n t i _ -Ii ~l I i c e - i n  t e r c c l c -  01 p c - - r s o n n e l  i s  d i r e c t l y

cut e l j c ce e l l s t  r ab l v re- I i c - c t ~- i  i n  t h e - s e -  e l e m e n t s .  h-h i fictive-ness c i f  p a i n  lIFE

m r - -v is 1 11)5 v i  1 1 show ii~~ 10 t i l l s  a r e - I , c c s  n t i n t b e - r clod t y p e u  01 pe- r~ otitio I

r e q u i r e - c l  u s i l l  I c - - y e - i s , d c l  e:-~t e  c c l - f  t r a i n i n g  r e q u i r e d .

- \ s  l v i i i l  sy s t e m  cr -ran- ~ p l ise l o t - - c e j 5 r c t l - c c ~ - , l a r g e -  t -omp l e - m e - t i t s  of

cc - - r s er1 t ce ’~ - c-- i th t i l e r  n h e r l i t i -  e n t r y  - r i l l s  m c i  be p r c --s o l e - c t e d  a n t  t r a i ne d ,

l t e C Vj d e - d  t’; j~~ li c o n  5 i r v  - 1 or a t  j e eflS nd c - I i c c t e - n c i l d -  - h ci ndbo ce ss . and  p r e p a r e d

~ c ( te st , c- -t ’il ci.i ~ c- d i r  o l e  rw i-c c- - app ly l i c e  sc ’s t e l c - . P e - r s on t i e l  who arc-

- i l l c e e . I n e I _ _ c - l h  h e , pr e - p a r -  and e - - ; m l i p 1 i . _ ’el m u s t  i c e - r, cd v to a e e c  t c - c i e  ii h i a r t v _ i r c ’

C l e S Ic -’l F t  i s  i t  - - m e - s  c d i  t i l e  - m e  ,inel ‘ rt ,irm any e n d  a l l  r e l a t e d  f u n e - t i o n s .

\ m -  e c r e c i n g i r , - I n d  i t t  I c c l r c i h l e l  v i t h  d c- si gn and L c l  r i  a t i o n  e f f o r t s :  p e r s o n n e l

i t d l d c I c c - r s  l o t  skills are- estabi isL e - I ;  r l i r l h c c t -  - 1 1 1 1 i - c - c e nt s , p l a n n i n g ,  cou rse- s

and i n -c L r u e t l e m o  a r e -  l e t  i c l e - d acid c i cc c tm p l i simc - - i ;  clod t e c h n i c a l  publi - cttion s

g cc- m v i c - h i 1F~~ 0 1c- c- - r a t  ion and c c l  t n t  i - c l a n  c - c- - I n s t  r ue  L ions  and  d at  ci I r e -  he it i c  p r o d u c e d

I n c  e r c c l t  i_ en dir t sv s t  c--ms and r e c l a t e d  t a sk s  p r o v i d e - c - n  t i m e ’ starting p c l i n t  for

e i e ’ t ; m i l i I F L l  t h e  t i m i n i n g  program r e - q u i r c - 1 : I e - l l t s , se-lec - ti ein c c l  t r a i n i n g  m et h o d s ,

and bath Id e-c i t i f - c- i rc. ~ an d m i t  h a t  log d e v e l o p m e n t  ol  r e q u i r e d  t r a i n i n g

em q i i  i pm e n i

In o r e t  ~ r to Itlec L the OVe - cal I r e - q u  i r e - l i c e  - I I  t i-i and  hac e- qua  l i t  fed  pc r se inne 1

a v a i l a bl e  as t h e  e q u ip m -nt  c e - c  c - Th e- s aVil i ~ ,hl - - , m o n o  i n g ,  t r a i n i n g  and  pro—

c c - l c l r e -S s p e c i a l  isis must fore-i ast many at  t i l e  l t a r - I w a  re d e v e l o p m e n t s  and
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2 . 1 . 1.  I I  (L ou t  i n u e ~c h )

i n i t i a t e - r e l a t e d  a c t i v i t i e s . 1 , 1 1  l i e - S t  P o s s i b l e ’  d e l  i n t t i e i l i  c i i  c l I l i n i n i g ,

I r c I  i t t  i i t g  u t d P ro e - e - d l c ra I r e q u  I r e -Inc- i t  L u  is re-d iet  i r e d  ii i  O f e c e r  I I)  ut r i l e  I l l  re-

the h I t - cm , r l l m c s .  htoth pa~st e x p  1e ’I :c e w i t h  s i m i l a r  s y s t e l n c dc , d e t - ’_ i l e - c - i  ( i f l I~~~~

ic e n l i  f l eiwc- iBid 1, 111c r a n c l l \ - t Ic r e m r- ; i i l  I s  a r c - c  r e v i e~wc- cI a n d  e’V,1lu~tt n -c l f c c r

imp I i e d  -e- r at  ion  co ld! mci lot e - I t c i u c e- n c m c ds . A c c i n  rd I ng I y , thc- q ua l i t  of

c - a n y  - l ~~ I i ’ F i t  l e O  I s  eh e ’pc nde t i t  d i n  t i l e  l e vi- I of e-xpc - - r m e ’ i t c - - and d i n  I he’ c i c c c e - c c n i t

c - i f  d e L h I  p r o - - i d l e-d by t i l e - a t i i h v t j c - da ta. \d di t io n a i  d e -f i n i t i ot i i- s ci -  c - c c —

p 1 j u h c -- c - l as c - h e - s I ill c - he -c is ions are mache and os task ana l Vse -s a re cd c f l i [ 1  l e t  ed

Manli t i c -~. I T - I  i n  L u g ,  and pc oce -durcs requiremen ts inte crc - - late- wit Ii 0(111 a re

cl i -  - i d _ I c - - m i t din t h e -  t vp~- of  d a t c i  p r o v i d e d  by t h e  huma n eng inee r f o g  d c - - y e

o f  t a s k  and  ec-q~i ipme’nt dci La , task—t ime I inc ~ n~~l y s e - s a n d  w c t r k  1 oad ar ia  l vs e-c  ,

and a re  d i r e - c t  1 v a t  f e - i’ t e d  by c or r e sp o n t d  l i p  dc c - i s  loris . Ne eded d a t a  in c I c c d e - - ~

al I e-he-nret its of both tra du t lanai and new s’- -c t enis t a s k s .  M an p o w e r  k- - c - I s

- l o ch skills are similarly depenlent upon tasks and t a s k  structure. Trainin g ,

~ioc h p r c e c - c - d c c r e u  r e q u i rement s  I re-  s i c : i i l a r l v  d e p e - t l d e n t  i n  t e r m s  o h  ( 1

c h c - r i v i n g  specific training object iv c --s and (2) d~~f init i g c e - q u i t i - c c c e - d i t s  f o r

e x i s t i n g  and new s k i l l s , c l l r r i cu l a  needs , and  c r a l o i n g ,  a p e - ra t i o n s , and

ma i n t e n a n c e  m a n u a l s .

The- p0 I n t  is t h i a t  d e t a i l e d  d e v e l op m e n t  of t h e - s e  req l i i  r e - c c e - n t  s i s depe t id e ni t

on l I F E  p r o d u c t s  w h i c h  e c d i n v e y ,  a m o n g  c-tIter in forma t ic-n e le m e n t s , t i m e - t yp e

and d j il t i c u l  ty of t r a i n i n g  t a s k s .  I f  sc i c l i  j o f e I r m a t  ion  IS n o t  avail m ibi c-

t h e  t r a  i n i n g  tina I v s t  m u s t  r e - I c  i l e c i v i l y on past experienc e- and progre ss ive

i c - c - i  i-c u d e c i s i o n s .  Most t y p i c a l  lv . t h e  LI F E an a l c si  and t h e  training!

m c I n n i n g / ~i r c c e m d lu r e c s  S p e e l I l i s t  ar e  w o r k i n g  i n  P a r a l l e l , sci t h a t  c- - st  e c i s I ’c - e -

c - e i o r i h  i n c- i t ic - n o is r c - -q i i i  r e e l  t o  ma i li  to in cu r r e n c ~\’ on u n p u b  I i  sited i u t  irma  I i  on

\ - -c tIl e- - 150 1 ‘-- 1 i i  p r e i c - e - s u  mc~ve ’s 00 , t i l e ’  l i F E  is r c e d u e ’ in g  \ ‘er’~ spec i f  m c - t a s k —

k :  m i t  i c c- i n f o r c c v i t  ie i ni . Re’ e c r d i n g a nd t r a n s i  d - r r i n g  t h i s  i rlt or ma t i c - i d  pr - cv Ide- s

th e  d c - t c i i led d a l i that 111 bc used 1 ci de v e l o p  t r c u i n l t t g  r c ’ q i l m  F e p l c n l t s  a c e d

c n } e~~c - t  h V e - s , cod that h s-l p n - c refine manning atid p r e c c e - c h u r -c - ; n e - i - k .

t h e ’ re- i i n c - c d - l I t  of candid ate- e-qu i pm e-nt subsyst cr15 -Ind - dln cp e m c c - n t s  d t i r i : lg

sc c e - t S Sj o e  j t e r c~~ ion  of c r e - v s t c i t i c i r i  eva l u a t i o n  h e l ps t o  t l l r t l i , - t -  r f i n e  t l t e
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2.2.1 .11 (Continued)

t y p e c - i  tr aiii i itg func tions and skill m i x e s .  F c n r  e x a m p l e , t Ile - s p e c - i f  I c  
It

ac t lv ii i c - - i  ot  s up p o r t  cr ews i - i l l  be part jail y defined d i ne - c- eqil i lime-li t

c’ aoel i d a  Ic - s  b e c - c c e n l n e - kn own . The’ e- q i~ i p ine -n t  c-and i d c i  I I ’ S  will have  assoc- Jo tc--d

r c - p h a e - e - c c c e - n t  ThO j t i t e t i d i i i c e r e q u i r e - m e - i t t  s wll ic - - I l  mci v be c ise ’ d to f u r t h e r  e - c c t a b l  ish

t rci in)  i l  p , m a n t i  h i t . - I dId proe - e - d li re- re-c l cii re-m e-li Is  f o r  s u p p o r t  anti ma l o t  enance-

The ohj  c - c t  i v c - ’s , dc - -p t I, and h , -t c i i i of  training is subj ic-ct to  j  l ldg e l t t e nt  by

t h e  t n c i i n in g  , l n l l v-c t , j u S t  c l . ; f l t l l d h c i t  I l I e ’ s e l e c t ion of equipment candidate-s

fe-cr an clnkn eiwo dc - - - . c - i  0 1 - n c - c e - tnt m l  sv ste-i tt is stibj cc t I - - t h e  j  l idgeme -n t  of t h e

hutnta n  n a c to r s  c i n c i l v ’ m t . lie - c-an nula k e o :- : tensive use of d e v e l op m e n t a l  i n f o r —

cci citiein describe- el p r c v i d i u s i v  in t h i s  r e p o r t .
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2 . .‘ . _ ‘ l iF l - : > l c -  t I l e l e l s  cn~~h l t , i  Lmi Re’e l l l i re . - l d ; e I l  I s  — u n - d c  I u c i l i  he — l i e  ce  1 ‘ l I l a -  c d t  5
c i n ch  I tl lji i c  - y e  c - d c  - I t  —

1 ic I’  c I t c c e , l e  - I c n ,’V c - l I l t  I 1 1 c c -  , ! i n  pr ~h i l t c -  p ; e 1 1 t e n t s  c i i  I l i t  5 f~ d e e r  t is e t n i V mille-

d -  I - - Id 1- e5 ~ i i i  h e  - - p d )  r c a c l I e ’ S  . I t . c l - c - - s c c c c t  d c  I l Ie  re  I - - I l i e ’ I u I I r -  e ric - - cinch

Se -e l l I e n ,  - - c - il I c- - c 1111 d l  - ce-S I 11,1 1 i r e  - I V  ci I I - lb I - . t u t e l  I I c  - t I I I  V - - - - - c c  I I d i n - I l  . H -  - c - c  - vi - r ,

i t  ft m u l ee e d . , i i i >  c c  - c i  _ i; c -I ic - n c - - ci sI r.c I c-cl tee wo nk cI S  i l l  I c (el e e l  . I - I - cc-s p i - V 1 c - ic

- i ce - i c i c l e - I l l  -v5 tc c - d . d 1 i c - l I l l . ~ l c c r r e ec~:it lg t i l e  ey e- r d- he h ttl i t t ; ’, r illp c cn t  p e i t e - I l t  l c d

111 : 1: c c i i ~~ i e I e - r a t  i on s  L e n  s j c c - ’ c - i i  i . c h h v  u t r l t c -- t c l r e -d r e - l o i n  c i c i n t s  c l a n , ; !  t e c

51c c - . i t  ic d d l i s S I c e d )  r - - i e s .  h I l l s  c l h i l c r c  . I c h i  d d e ’ h JiS i c  s c c l d c  01)11 c c c t n s t r c c i n  the-

t ypo Inc -I -p c .e I i t v  e l  l c t c ~ t h a t c c c i p b l l  cc  l i e-  l i e - c t  l e e r  t k e s e ’  k c v - i t t m  c - - i c - c c - - c I t S

whie Ii c c c - l t e - c c - s s c l r .  - m u c - h  s l i t  I i c i e ’Iit  t o  ldd ,ike m p p r c - p n i c l t  e 11t H J c c i s i o n s.

i- c c-- , - r  c i  h i - l-~ c l . i t . c  i - - n i l  r , - d c c e - c l t  c e d l i c e I e t i ~ c ute- I c  I O d d  (c d i p p r - c d c l l  t h a t  iris

IdOe’Id c I c S -  r i I - ~ 1 . lie I c - t i I c c e s i n g  d i s c l l s s l e d u i  l m i g l i l  ig l i t s  s i c - c  mci~~c i r d c i i : ,  - d r c ’as

t h a t  b la o e i c c - e l i  i c - I c - l i t i i  i c - - h I r em i n l p rc -cc-d ii t c - . Sc i - t I c c l n s .  I)isc lcs slon tile-n t u r n s —

- 0 d c e n r e -  e S t  e l I  s i c - c ’  h i : i e  r i p t  i cel l  e e l I c l l i e c -  c-I:! rml cons i d e - c d t  I dill - s cuid equ i pm e- nl  -

4 - t m t . I

2. 2 . 2 . 1 n L Ie -u i r, c l -I c Do ve’  1~ p1c c c i t  S

F i r s t , i t  c - c - e i u l e i  be , c d V c l n t  (p o l ls t o  have  a i c m i  h a b i t -  f o r  r e  m d v d c e c 5 s  and ddc ic

ge- n c - ’r c I L i , -: e-cl In l i . ;s i cnn S e Il. c ~~ i~~’5 a n d  :m f e l l 1 c - c t  i l  r e - I C I e c - e - I l t . m t  i m e ’  bj si c -

fu n c t i o n i 1 I I c m w c; re-I I c - - - Li :I~~, e- c-i lntn n l ce ti I unct I c d d L d  I r d c c i  d es-c 01 S f c i r  ec ic i t  c - i f

Se-ye- I c i  I I I  j e e r  Se - ,d~~Ol1 svst o h s  ( e . g . ,  1 i r c ~ r c i i  t , ships , c odds- (lid and c e i i t t r c i l

c - m c : s t c d i~~~) .  F c c i t l i e - r  i e r e - I i k 1 ec- .- d I  l e i r  I c - l i e s (e . i .  , f i g l l te ’r ’c ) W e e l l i t h  also be

Il se f lil , h I l t S  w o u l d  I I  lc - - v i i t n  cc m m ~~c c r e-c c c rk e l  t ort t h a t  a p p l i e s  I l e c l I d  11, 5

p r o g r c i c i  c c e t l c  c - p t  d 1 I l l i i t I - c d - m liii i -c l  r l y  c-va 1 cl - It 100 ci I r e - - i t  i - e d  p rob I cdl i  ,i r o d -c ,

ciiiel e a r n ’ s  tl l r c - c l - - . i le c I t c - he- - 1 d m , d e v e lecp ll te c n t , L c S t  ~ntil c - c , !  hiti t ion ) . A c c e s s

ten sw-h m h a s - I  m c  we n u l.l i c ik e’ I e - ; l S i h I e -  11 V e r y  t i l e i r e n l l p ll r e - v i c - - c c -- cili c - h check—

c c i i  c i t  c d i t i c e - p t  lm 1 e l i c m d  d c c m ls l~~- r  h I L t , cv e nl I rant e - c d r l V  SIIflI fl I c I r i c - -s o f  pre -—

I i m i c l a r v  ‘p e r i t  l i m p .  r d - c l l l i n d - d e e l d t s .  I c - c - t i L l e d  d I e - c I e l p idle’ll t e e l  S l I d  hi i t i l o r d d l l i 5 d

IS dc-s i 1 , 1  Ii he ’ . l : ’ di  I S  hiu~ nIl e l V Ip c d h l i  1 ity tel cir ce- h i t m t i t p c- c c - - c -- nc - s uc i l  dccl mm ,

once- dc- ce l o i e ; ’ c l .

I,

- - h e - c e u n d i c , i t  c c - u  I l  I ’  c-I c - s i r  i b l e  I c  j l l i t j ; c t e .- ci t c l l i l i l m c t  t e r n  e e l  c n e d d I s c l I i . d r ~~ ,

pr ohl€-n ts ;lnd . I I L I - r d l -  n I V e -  s~’ b c i t i c l e i d  I I n c - c l  I c i  c - i c I i  I l i n i C t l c - i i t c l l I e-e I lli r e -c c c e l i t .
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2. 2. 2. 1 (Cei i it  in u e d )

- ‘this wc- n I I i d  p n c ’v  i c - I c -’ in v c i l u c ib i  ci inlorlllation for t he -  LIFE ana lys t i n  mak  I l I d

trado—offs c inch  dc-- c--i s  ions in  p r e l i m i n a r y  I e i l l c t i e i l m s  c c l h e m - at i o ns .  m u  iation

-~ c i n c h  cc-m t i l i h i d l t ic-It c i t  sue-l i  i l i f c i n ln at  ion is d e s i r a b l e . A f o r m a t  s t ich  as was

ill ustrated in I-igure 2.2_1!e could be used for this purpose.

lii i rd lv , the app r e l p r t d i l e  del m i t  h - ti , management  , c - er g a n i z at  ion ari d i n t c - - -p. rc m —

tic-n of t c i sk  c hdl t a is  a continuing quandary ; a data s y s t e m  w i t h  d c d t d l  b a n k

— i s  n c - eec - Ic - c l, and i m p r c .u v e c -me - n t s  in te’chn ological data comparability and utility

w i l l  a l so  he a c o n t i n u i n g  r e q u i r e m e n t .  In l ieu of s e t t i n g  p r c - - d i c t i v e

c - r 1  t c -- ri a , presen t m e t h o d s  are t o  assimilate e l e m e n t s  of  e mp i r i ca l  d at a  to

c-- st a b i ish  an a c c u r n t u l I t e d  p r e d i c t i o n  of ab i l i t y  to meet an external c r i t e r i a .

This  c e l i d it l o n  w i l l  l i k e l y  c o n t i n u e  f o r  some t ime . Much of th e available

IhI - ’E d a t a  is not dir e c t l y  comparable , is frequentl y incompa tible and is o f t e n

cotttradictory. Even w i t h  a common data element that could be applied

L c d  r~eu p b m c - c u t  a 5n,cste fll mission analysis ~such as human r e l i a b i l i ty )  the  com—

p c i r a b i l i t v  i l l  c o n c ep t s  is di fficult to establish for such-c events as prob—

abili ty of targe t acquisition versus probability of c o r r e c t l y  s e l e c t i n g  a

r o u t i n e  cc)rn i n t u n i c at i o n  c h a n n e l .  Even i f  c o m p a r a b l e , p e r f o r m a n c e  e-o n s t r ain t s

t hat  d i c t a t e  t a sk  c r i t e r i a  a re  q u i t e  v a r i a b l e  — d i c t a t e d  by m i s s i o n  o p e r a —

tions , mission phases and the criticality of operation. (For example ,

task to l e rances  and assoc ia ted  c r i t e r i a  are e x t r e m e l y broad d u l n i ng r o c - I t in e

c- rui -ce - flight , and conver n-i c-’ly are extreme l y narrow during l c m I c ; i i n g . )

k c l c ; m n i -e o f  c r i t er ia  a r e as va r iab le , w i t h  such d i s t i n c t i v e -  r e q u i r e m e n t s

as p h y s i c a l  s i ze  and s t rc - n .c d t h , s k i l l  l e v i - i s , V i s l c e n  c h a r a c t e r i s t i c s  and

c-m any ot hers .  An i n f o r m a t i o n  sys tem concep t  Ic-er LIFE d c ci:i is ni c e - d ee d; g iven — —

LII  is c d ) n c  e p t  , CAFES d a ta  m a n a g e m e n t  c a p a b i l i ty  c o u ld  be u s e d .

Four th , equipmen t variab le- s effe ict ini g task pentormance - capabilities impact

the HFE p r d- c -- c-ss in provi ding f e c r  e f f e c t i v e  c rew p e r l c — r : ’ I . m n l c e -  10 l i tany w a y s .

Few equ i p m e n t s  are i d e n t i c a l , so tha t c - c i c -h  s i m i l a r  p i c - - c  e- may sati s f v

c - n V i ’ c l l , similar and u n i q c i e -  f u l l- I ional require - l i c l d t S .  h v s  ical character—

p i s t  i c - s  a l so di f f e r , wi th t i l r n - e -  v a r i c i t i e n t c - n  ol Ce) r i s e - c n d l e - d h c c- - :  (a) t lie p h y s i c a l

volume , w e i d h t  and cc - i t  p ar cll cnc ter s ; (h) the physical man—equipment inter—

face parameters ; and ( c )  i n t e r l a c e -  L c ; i c -  c-ct i c i n s — w e r k l o a d  I c t r , I m e t e - r s  s u c h
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1. . 2 . 1  ( t O d I t inc - ic c - i )

— t I l e ’  I cc - S c c l  p e n  c i r i l l m lnc ee  i n v o l v e d ; t a s k  p e r f o  rmance -  s t ep s , r e - p e t  l t t  1105

qu cil if I c - h I  i ons  Inch  t i lne -  ; d l f ld  t a s k  c - r i  t i e c a l  I ty to t i l e -  s y s t e c - n l  i n i s s i d h I ,  . I - c m r l y

j u l  t i .i t  i c - l I t  O f  a d a t a  c c n l e e - c - - i c t  and data tah-culation is recommended.

F if tlu , nu~~c- - r c - i u s  c - f e - s i g n  c o l i st r u i nt s  a r e  lnipose ’d in m e r g i n g  re c qc - I i r ec - Imie n t s  l e e r

ope rd t i o n s , c r e w  pee r f  or lnlan e-e , p h cy s  i.e-a h crew stat ic-n fl vei l c-tat e , p h y s i c a l  r c  i c i—

t h c - c c i s h l i i e c - c -  c-if - - r e -V I V V C S S  cit - c d cm n t h r o p o n t e t r i c  needs  v e r s u s  the  c rew st  c t i e r n

I c i V o l I t  , clOd eeqelipmlc e-nt chccract ecristics . Some su c h  c o n s t r a i n t s  c r c  c o n t r a —

c - i l V t ; rv , s l i c h  ~IS I i h i  re- q d l i r e - n l c - li t f o r  2 8 — i n c h l  feirward pa nel  v i e - w i t i g  e I t s t c c I l c - e-

ve r sus  3 O — i c n c  11 c- l i-cc rcmil cc - ’ f o r  c-icc t i c - in s e a ts .  A d d i t i o n a l  in t L - g r  i t  i d e n  mi I leads

-lr c-- dc-~ i r c c b l e  t h m t  w o u l d  e n h a n c e m  t he  a cces s  to  and s y n t h c - s i  s n i  d c i t , c  and

I c e c - l 5 t  rj i n t s  t ronc various s d e u r c e s, a nd would  a l s o  enhancc --  c - icc - - t r i c c - i i  t 1(111 c c l

s d c c hl in fc -l r lndm tion into t i l e  most  g e n e r a l ly s u i t a b l e  d c - s i g n  c c - i n c  e - p t ~~

S m x c - c , el c idc - IltS of the’ activities in developing requirements s-cr m a n n i ng ,

t r c - I i n i l l g ,  aod p u b l i c c a t i c -ens c o u l d  b e n e f i t  more  c h i r c c t l y and  e x t  c - n s i V e l ’~

f r - c Ia Fhl- E d a t c i  - (his could (cc - a i-connpl  ished i i  progr essive- ch e f h u t i c - e n  o l

lIFE a na ly s o s  m d  d a t a  e i t h u c --r provided direct visibi l i c - v of c - i c  c - -  r e l e v a n t

to t i c c - i  r needs , c-cr p e r m i t  c - c d  r e a dy  e x t r a p o la t i o n  as r e q u i r e d .  ~t m n \ -

i f l t e rc-i - L i v e  1 c cb l n o l o g y  needs  are  i n d i c a t e d  in p r e - s o m d t  dc- ce- Ic-pat ents c- nf

Spec if ic- Bebtccviora l Obje ctiv e -s and Instrllctional System ties i g c , c- .g .  , i n

d e L  iJed t a s k  d a t a , in relative skills and in  n u m b e r  of c rewmen.  More

d c - n  I n i t  ice  c - -c  f o r t s  s-c etlllali c - e- t h e  c-Ia 1mm t r a n s f e r  ~n d u t i l i t y fo r t h is

i n t d - r t c - -  I I I 5 d l c ~~ i n t e r f a c e  is c-l e c - s i r ah  I c - .

2. 2 . 2 .  2 T a s k — E q u  i pn t en t  i d - c - t a  R e ch u i r c m e - n t S  d e c - I  C r i te r i o n  Cons i d e r c i t i c e n s

Cc- f l c ’ r d l l ultimate cr1 te r i o  f e m r  t a s k  p e r f o r n l a n c - e -  icc  c rewm en i s  in t h e - n  f o r c c

c- f i i ; c c c c s g l  c - c l , c-dus taincel nc-c c-- e I e q u i p m e n t  I c - I n  c - -f  l e c t i v e  s c - s t  et c p e r t  e, rm aluc c -

li e w e v c - -r  , c r 1  c - c  - r i - cc l  p a r c - m m -  i c r 5  f e i r  e l i  c-c l i v e  p e r  f o r mn n c e  wi l l f l u e -  t lI d ! t c-

h I  t1 - I I 1 I S S C - u l  p l d I l - e c , re- c l l l d i n g  i s i mp l i s t i c - o v e r a l l  - r i t e r i a . For

‘ - - e l - c l -  I c- , ri me  - r I - -n n -  I - - c - d c - n  t s  f o r  i i i  r -  t I i  t - - ~ t e n - i  p e r f e r m a n - e  c - l u r i n g  land—

, c r e -  ci - t i c - d I l l y  c u t  i c r - c d  f r e i m  l i c e - c r  l I e  r i m  app lied  du r i t i p weapon

dc -- i i ’ . u -r v .  m i  e- i t l - n - r case- , t h e - c-c r i t ’ - u - j , I  i r e  e - s t , ch l i s l i e d  by t i c , - t a is s i o n

- 
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2.2.1.1 (Continued )

j l l m ISe and , m rc - - u n i que iii setting the perfor ummince mb I c - d iv e - s  I c r  s c - - l e e - t e d

lllcill e q u i p m e - m i t  c c -u inb !na t  ions a p p l i c a b l e  to t h e  p hase . In  o i l I e r  words ,

t i d e ’  true crit eria for t a sk  pe r fo rmance  are e s t ab l i shed  by l i c e - ope-rut iunal

con tex t  and c r i t i c - c - l i l l y  for performance. Performance quality and emphasis

w ill t i u c t u a t e  w i t h  selected c r i t i c al  opera t ions  t h a t  are phase r e l a t e d .
A cc c - er d itm g hv , with h c - d c - i l V ’ s HFE state—of—art , both qualitative and quc inti i i —

l i v e  data c c - iu i cte dc --r it ion s are involved . The related data problem thins

becomes one of deve lop ing a c o n c ep t  f o r  e f f e c t i v e  LIFE use of both data

t y p e s .

ln general , the information required to perform human factors engineering

anal ys i s  i n c l u d e s:

o Human performance data ,

o Equi pntcnt characteristics and performance data ,

o Sice c --ifications and standards to he app lied.

In addition to availability of such data , improved provisions are required

for the storage and retrieval of pertinent da ta in o rde r  to m i n i m i z e  ~he

r e a c ti o n  t im e f o r  human f a c t o r s  anal ysts to provide trade—off results or

design information to subsystem designers. While  the crewman is a vitm i l

p a r t  of t it e  s u b s y s t e m , r e l a t e d  desi gn d a t a  m u s t  p r e c e d e  t i m e  f i n a l i z i n g  of

the  c o n f i g u r a t i o n  and S t r u c tu r e  of t ime vehic le .

I J l t i m a r e ’ly ,  the  task  information on human performance should include:

o Nc irccina l  t a s k  performance data ,

o Ef lec cts of operating condit i c - u s  on p e r l o rn u a n c e ,

o III I t c r e r l  t i a l  p e r fo r c cs cci c -  c- dci r a t . c- r ist I c s ,

o App lic able- standards arid c-c -p c -c it I - . i t t m etni, .

N c d l l i  iti ll task p e r f ormance-  d c - i t - i  ~c r c -  d c c c  k - c-i t e c c - I c - - i  inc the- overall capabilit y

o~ a c-crewman to p e r f o r m  c-I specifie-d tmsk. (lnc- - e the question oi task
CI
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- 2.  2 (Ca n t itue’d)

c r 1  c- c r c - c O c c i  c Ip a b i  1 ity has he-en settled , it is t h e n  n e ’ c c - s s c c r v  t e e  d e t e r m i n e

whe t i m c - ’ r t h e  l ie - n  t o  r l d c l d l c  ,- i c - c  w i t  h u i n  t i m e  c o n s t r a i n t s, and w i t h  i it cm c c e - p t a b l e

nei icmb ili tv standards. l I l e  mo llo w in g discussion expands on data needs.

l i ce -  iio~mii u i i  1 t m  c - K d c - m s-i i ivo I c - c - - s  c o n s i d e r a t i o n  o t  a t  l eu s l  t h e  fol lcwing :

o h e r  f e n d  d: d l d c -  c I j u t e ’ ,

c m A c d d l r l c v  , 
-

o R e l i a b i l i ty

c- i Add i t  jonc -m i b e h a v i o r  c h m u r a e - t e r i s t  ics

— C c e g n i  t i d l i  .-m n c - I c - Ic - c is  ic-rn r esponse-

— R e a c t i c in  t i m e

— I- c I r c e  g e n e r a t i o n

c m E r r o r  t y p e , m a g n i  t c c d e ’ , and I re-quency.

Thc c - c - I  fe’Vts of o p e r a t i m u g  c o n d i t i o n s  on p e r f o r m a n c e  a re  a lso  r e q u i r e d .

Th u s d e f i n i t i o n  i s  ti detail tu e capability of the crewman to comp lete

t i d e  r c ’q d l i r e - d  t I u s k  il-c a s a t i s f a c t o r y  m a n n e r .  The change  in o p e r a t i n g

c c c n i c - I i t i o n s  c - - l i e - c t  c hcm n g e s  in p r i o r i t i e s  w i l i c i m  may m o d i f y pa rame t e r s ,

s u e- l i  as :

c -n P e r f o r m a n c e  mean va lue - s

0 P o r t o r r e - m n c e  v a r i a b i l i t y

d) (;r u c c - j c  p e r  to  rman c-ce

c-i P r o b a b i l i t i e s  01 s u c c e s s f u l  c o m p l e t i o n .

m I c e  e m u p a b i l i t i e s  of i n d i v i d u a l s  may be m o d i f i e d  to some e x t e n t  by t r a i n i n g ,

I - c  a c - s~ire ’ p e r f o r m a n c e  of s p e ci f i c  t a s k s  in a m o r e  - c , l t j s i  d l c t o r y  m a n n e r .  ‘th e

d l d t  a t  ch ia uu t c required to alter performance is a function c-if previous

c - --.;cor i c-n e- and  knowledge . c\ c c o r d in g l y ,  t i ce -  a d d i t i o n a l  c l u a r a c t e - r i s t i c s

t i c c u t  c - i  - i c  t lie- needed f o r  e’ach t y p e  of  t a sk  c o e t l d  a l so  i n c l ud e :

c, E t i t r y  level c - c l e c c i t i c c u  and skills

0 S j e c - c i a l  training requirements

o I’ r - - c I i d t  i - - c -  p e r f o r m a n c e  m c ’ a s l u r c - s .
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2 . 2 . 2 . 2  ( C o n t i n u e d )

Add itionall y, relevan t data from the  s p e c i f i c a t i o n s  and standards appli-

cable to all human L m c t c u n s  d e s i g n s  I r e -  r e q u i rc - c The central listing 01

t h es e i te- Ic is w i l l  prov ide  Clue- m m u m m m i y s t  w i t h  ready  I c  oe-ss to the information.

-fite l i s t i n g  also prov ide - s  a c - ch e c k l i s t  whii chu decreases thc chance-s  of

eiv e rl o o k i n g  p e r t i n eu u t r e q e u i r e m e n t s .

2.2. 2. 1 Ocita Systetnu Requirements

A c - L m t c c  Sv st eu u  for  st e c r a g e  au-cd retrieval on Imuman factors e-ngineerirlg

i i m f o r m n i a t i o n  is needed I o n  c-use in time p e r f o r m a n c e  01 bot lu lna uulma l and com—

p u t e - r i z e d  HFE in e t luods .  T h e  different s t age - s  of a n a l y s i s  may require

diff eremuu t or varying level of detail. In  addition , not all Ire- c -cs of

required data will have t h e same dept hu of information available- .

Bot h  the con c e p t c c a l  f r a m e w o r k  and the f o r m d l t  of da ta  s t o r a g e  f o r  read y

d dcceSs , comparisons , use and/or updating is an i m p o r t a n t  aspec t  of da t a

s y s t e m  utility . W i t h  the f o r m a t adop ted , t h e  user  mus t  be able to readily

obtain the level of scut ficient detail necessary to satisfy his needs.

Capabilities and limitations summarizing the entire package of information

on a given human task , or eqc-uipment item , needs to he presented in order

to prevent masking of subtle constraints or comp liecating interaction

effects. Where niultivariate relationshi ps exist , it is essential that

these items are identified and present in the- ste~red data. Addition al

data qualifications that can be relevant include 511(11 variables as:

o Valid ity

() R e c e n c y

o Credibility (e.g., e’stint,iles , e - d ml - c l - d c- -I , measured )

o Accuracy

o Any special qualifi e rs

Finally, it may become nec - c-ssel rv b r  t i c , -  LI FE . d I I l yst to retrieve and

c c - - i l  u c i t e  datmm from the origi utmu l dat a re- i c t n -Id ~ c - .  A c c o r d i n g l y ,  d a t a  should

be re-corded as to t i l e -  date , author and d I r e  c- , i .e .
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2.1.2 .3 (Continued)

o x p c - ’ r h m e n t d u l literatur e-

0 Field data

o Contraictor derived system desi gn data

o ii. I c c c i i c e ee c k s  , gu i d e - c - ,  , and unmunu al s

o S- l b  ~i- - - t i v c - -  dat a f r o m  e xp e r t  op i n i o n .

L I I  c c c d : i , m r v , t h u e  real  r e q u i r e m e n t  for present purposes is f o r  a U c u t c i  Sy S t c- rcc

i h c u t  p r c - m v i d e s  f o r  the systematic’ coding, sto rcige and retrieval of informci—

i n n .  \ s i m n p t e-  c - I~~ t c m  bank c i l t ucep t  is uu u l i k e l y to be adequate. The system

c cs l dl cd v c - c - e l nor storing data must be organized to permit read y access to any

ht d  i v i c - l c c c l  data element as required fo r  review cund use as entered , or f o r
d ±t , i e nt r y  au-cd up dating. Table 2.2—1 presents a preliminary tabulation

ot  t h e type’s, formcmts and trade—off factors to be involved in development

on t h e  dat c system.

2 . 1 . 2 . c+ Data System A pp lications Concept -

Concep tua l l y ,  the pragmatic problem for the LIFE analyst is in identi f v i n g

c - m d  appropriatel y integrating both the qualitative information and the

q c - l c u n m t i t c - I t i v e  d a t a  which  is minimal  and s u f f i c i e n t  to predict or appraise

effectiveness of task performance relative to system requirements.

Numerous approaches could be app lied to resolving this problem. However ,

onl y one will be expanded here in terms of present purposes to develop a

“sing te thread” process for lIFE analyses and CAFES for applications .

-
‘ i cc-sc ma jor c c c n s t ru c t s  can be i n t e r r e l a t e d  in to  one app ro ~u cl u : to t rack and

ccirreta te mission requirements , constraints , tradeoffs influencing task

p e r f o r m a n c e  on the one hand, and to tabulate and use equi pment related

t c m sks and performance data on the other hand. The first construct is

f u n c t i o n a l  requirements oriented and assumes ti-cat basic au-cd detailed

f u n c t i c r n - m I  I lccws are developed or w il l  become c - icc - i l lab le  f o r  each system

(e.g., ce h r c r u i t )  that might be of concern . The second construct is

eqtmi pment cnri ct nt ec h and involves the’ storage and use of t m u s k  p e r f o r m a n c e

re ’qui I c- c - c e n t s  m d  da ta  as re l a t ed  to g iven crew s t a t i o n  eq lu i pment
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1’ABLE 2.2-1: PRELIMINARY S1Jt’~’lARY OF DATA SYSTEM REQUIREMENTS

Data requiremem uits
A. P cit I Types

1. E f f e c t  of operaticinal couuditions on task pe r fo rmance
c - I. Task requirement/tolerance changes — accuracy , timeliness ,

probab ility
b . Changes in b e h a v i o r - effects of stress parameters

I) Performance variability
2) Performance mean values
3) Group performance
4) Probabilit y of successful comp letion .

2. Differential performance characteristics — key task related
a. Skills , skill level
b . Edeucatiouual leve l
c - c - .  Specia l training
d. Oth er correlates predictive of performance

3. MIL—STD or other task/performance/equipment guideline
c-i. Data coded for compliance with standard
b. Standard ’s data retrievable

4. Nominal task performance data —— t ask  e lements
a. Speed
b. Accuracy
c. Reliability
d. Additional behavioral capabilities (c-cognition/decision

responses , reaction time , force gen., etc.)
e. Error type , magnitude , freq uency

5. Equ ipment data
a. Performance characteristics
b. Operating requirements and description

B. Data Format
1. Capacity to call up the level of detail required
2. Total task information presented (prevents masking interaction effects)
3. Capabili ty for mc-ultivariate relationships to be presented or disp layed
4. User organizational freedom— —access requirements and output flexibility
5. MultI—access schema
6. Operational terms employed to facilitate data re’trievai
7. U pdating must be simple to enhance appropriate t Isk—equipment access

and data expau sion
8. Rapid hard copy (user option)
9. Sunnutary of data at a prescribed level be available

C. Data Sources  and Q~~~ i f i ca t ions ( R e t r i e v a l_S o u r c - e , Date ,_Author to B e - -
sp l y~ d wi th  Data)

1. Experimental literature
2. Field da ta
3. System design phase — contractor derived
4. Handbooks , guides , mantials
5. Expert op inion — subjective data

D. Data S t o r e  Dev~~~pprnent
1. Es tab l i sh  ove ra l l  f ramework to p e r m i t  sys temat ic  growth
2. Optimize and encourage d: ja availability

cc
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2. 2.2.4 (Continued)

In t i m e  tir s t ce)nstruct. , t h e u l t imate  level o f d e t a i l de veloped by t h e

func tional flows or other analysis techniques would be extended to reflec t

experience , cuns atisfactory reports and trade—off data much as previ ousl y

i I l c m s t n , i t c -~-1 by Figure 2.2—14 , and repeated here as Figure 2.2—17 for

re m c - m d c - r con venience . C h a r a c t e r i s t i c s  of re levant  va r i ab l e s  concerning the

nuan—e -quipm eimt interface and operator performance features were tabulated

in ‘table 2 .1—3 . That information is also repeated in Table 2.2—2 for con—

j e r m i c -’t i ce .  A t a min imum , this approach would facilitate maximum use of

a c - - m i l a b l e  i n f o r m a t i o n  and da ta  by the analyst for readier appraisal of

resp Ilsc-- ltcir c~c-teristics that could i n fluence  pe r fo rmance , e. g. , respo n se

ty p e , difficult y , consistency , peculiari ties , variability, range and impact

c-in mission performance. It could also facilitate more systematic identi—

f l o a t  ion of data gaps and appraisal of both the  s ign i f i cance  and consequences

at sc-mch gaps.

An addi tional feature of the construct is that the level of i nden tu re

would  car ry  to tha t  level of de ta i l  where spec i f i c  requi rements  i nvo lv ing

man—machine  i n t e r f ac e  uni ts  are i d e n t i f i a b l e, along wi th  c a n d i d a t e  equip-

ments , task requi rements  and constraints or t r a d e — o f f  f ea tu re s . Known

candidate control—disp lay equipments would also be identified at this

level. Howeve r , the construct would retain t h e  flexibility to modify pre—

progr cmn ime d i n f o r m a t i o n  ir~ order to b e t t e r  fit specific mission requirements ,

or to incorporate new equipment concepts , inventions or t r a d e — o f f  in for t n a—
-
‘ t ion  as relevant and desirable. According ly ,  the construct encompasses

the  necessary f e a t u r e s  and a d a p t a b i l i t y  to  r e f l e c t  a l l  possible mission

reqtmiremen ts , to incorporate innovative solutions , and to retain assurance

that all requirements are suitab ly met.

The result i s  a c o n c c - p t  t h a t  relates directl y to earlier discussions

cove: r i t m g  the ’ I :I ,I1 vt i n  process I rum cu rl y f u n c i  m mc l  flows and will not be

fur ther expand ed in th is s e c t i c i t i . It does not offer a straigh t forward

d early - I - m i n t  if i - i h i e ’  ~d r e u g r e c s s i on  f o r  LIFE app i I - - - i t . ion . However , it does

pro v i d e  f -  - r  the -  s y s t c - - r - c~~t i c  r e ’ o c c r c h i n g  of i n f c r m ; m t  i o n  m g cuin st the f u n c t i o n a l

flow indent c u e s .  It c - i l s e u  p r m i v i c - l e s  f o r  in c r c - c s c - - ! ,i~~s c m r a n c e  t h a t  L I F E
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2.2.2. -~v (Continued)

c - I e c i s i o n s  t ake  i n t o  acec oi zu s t b o t h  basic m i s s i o n  p a r a m e t e r s  and a l l  r e l c - v c i t m t

task performance variablta c-i . In the near term mippi I i c- i t ion i t  w i l l  p r o v i d e

an iutc-’rim tecIunologica .l base’ for improving t i l e  scope o f  r e l eu c-an t areas

covered by lIFE efforts while the state—of—art for a quantitative data

bc -h Oc- i c-c being further re t ined and developed . It also offers a framework

f o r  con t i n u i n g  i nc -c o r p o r a t i o n  and tm se  of e i t h e r  q u a n t i t a t i v e  i n f o r m a t i o n

t h at  may no t  be comparable , or qualitative information that may never be

quantifiable.

L
The second construct relates directl y to the c a n d i d a te  m a n — m a c h i t m c - ’  i nt e r t  c - I c e ’

eq uc-pments that are identifiable at the ultimate leve l of indenture in the

func tional flows or other analytic results . It accepts the notion that new

sc-stems may make extensive use ot pre—existing (traditional) controls and

d i sp l ays  fo r  which tasks are d e f i n e d  and task data can be obtained .

A l t e r n a t i v e ly ,  the system may use new control and display concepts which

have been developed and confirmed sufficientl y for data to be available.

The point is that few , if  any ,  new systems will involve radical and

r e v o l u t i o n a r y  changes in the  t o t a l  s t a t e — o f — a r t  t h a t  are so d i -am a t ic  c-is

to i nva l ida te  all p r io r  f u n c t i o n a l  r eq c -u i r emen t s , a ssocia t ed  eq u ip m en t ar i d

data. Accordingly ,  task performance requirements and d a t a  can be t a b u l a t e d

and recorded for each item that is identified from the functional flows .

In turn , pre—existing da ta on equipment—related tasks can be retrieved and

c-use d as each becomes a c a n d i d a t e  in the  f u n c t i o n s — a l l o c a t i o n  p rocess .

S imi lar ly ,  data on ha rdware  c h a r a c t e r is t i c s  and p er f o r m a n e c e  can be s to red

f o r  r e t r i e v a l  and use as r equ i r ed  ( e . g . ,  wei gh t , v o l u m e , i n t er f a c e  si gna ls ,

disp lay—control features).

Accordingly , the second construct is oriented toward m ,In—machine interface

e q u i p m e n t , i.e. , con trols and displays. This constr c- - - t has evolved over

several appLica tions developments , wi th the most re- c ent c-md eiXt!eulsiVe

investi gations sponsored by the- Boeing Commercial \irp lc - Itle Company .

Titled Cockp it Informa tion S t I r m~~r- min d M ,11 1c - l 1 c - n - rnc -n t Sy s t e m  (CISMS , Reference

- ~ c /~2 ) ,  t h e  present development is concerned spe citically with the aircrew

cockpit and c - i s se c  iit ed hardware . It p r o v i c - l i -c o [i- cr definitive iICirdw 1ure
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2.2.2.4 ((~untiniied )

s p e c i f i c a t i o n  cun d f o r  d a t a  st c lrc - lg e and r e t  r i e v ; i i  c o v e r i n g  va r la t i c cll/-c - in

oper cit ion according t e d  f i  ig l u t  phase -c- , I l i g h t rc-”qui r e - I I I c - - I c t s  , I I  ig l ut f u n c t i o n s

su b s v s t c - - m  e l e m e n t s , md rou t r c l—disp lay  cin e’ t j o l t s - . Iiith t h e  I u a r d w a r e  i t  ems

sp e c ifi c -- c - il Iy i d c - - n t i  f l e d , addi tional i n f o r m a t i o n  is i n c l u de d  t h a t  c cI \ d I rs-

iun ct  i o n i l  capabilit ies of t i l e ’  hardware; i u i t e r c - m c - -t i o n  rc- -qui rc--ments between

the operator and equipment; task related information (e.g. , t line, co n s t r a i n t s ,

p er lc lr n a n ec-e r e l i a b i l i t y ) ;  and such physical charcdcteri st i cs as volume , weig ht

- 
-
~ and power  i n p u t  r e q u i r e m e n t s .  In gene ra l , d a t c - c  u p d a t  i-lg c- - an he c - u I - c - c - c - r i p  I isited

di t c c t  lv  fo r t h e equ i pmen t  f o r  w h i c h  new dat c- c- appl ies. c\ti examp le of the

ove r al l  c o n s t r u c t  is illustrated in Figure 2.2— I-S and t i t e ’  de tailed e ’ q d I i I i m ( ’ f l t

ar e as  are shown in Figure 2.2—19.

A p p l i c c - i t i c n n  of the overal l dc - c - ta system concept would bc - to retrieve and

a d a p t  the  f u n c t i o n a l  r e q u i r e m e n t s  f low s of the f i r s t  co n st r u c t , t h r o u g h

the crew station equipment candidates. Candidates could be identified by

the HFE c - in c - i l vi-c -t at t h is poi n t , or he could r e t r i e ve  and review the  e qu i pm e n t

da ta of the second construct before m a k i n g  such selections. In either case

he has ready access to all relevant data for making initial functions

allocations and progressing throug h the FIFE activities described in the

f i r s t  s e ct io n  of  t h i s  r e p o r t .

Such concepts and data as c-Ire described above apply f o r  b o t h  m a n u a l  l iFE
- ‘ methods and those methods augmented by computer c-ui ds . In both instc ince- c-c- ,

the  i n t e n t  and t y p e  of e f f o r t  are  e s s e n t i a l ly t b - c  same , h u t  the  ex t e n t  of

e f f o r t  r e q u i r e d  and leve l of d e p t h  su p p o r t i ng  th i s  r e s u l t s  w i l l  d i f f e r

m a r k e d l y .  The d i f f e r ence is tb-ut the  manua L p r o c ess  w i l l  t end  t o  be- f a r

l ess  comprehens ive  w i t h o u t  a r - i t h e r  e x t e n s i v e  b a s e l i n e  b e i n g  made  a v a i l a b l e .

S i m i la r l y ,  d e t a i l e d  or i t e r a t i v e  c a l c u l a t i o n s  w i l l  b c - less l ik c - lv . On t h e

o the r  h an d , deve lopmen t  o f su ch a b a s e l i n e  does -i i  low f o r  most e f f e c t ive

use of q I l i l i t I t i v e  inf ormation and of professional skill , exp c -rience and

j cu d gnc - ’rt t. Addi tionally, in any new a p p l i c a t i l n l l , t he  c o m p u t e r  can supp lemen t

the  pr ess by f i r s t  r e t r i e v i n g ,  o r g a n i z i n g  and p r e s e n t i n g  i n f o r m a t i o n  f o r

• the FI FE a n a l y s t  t c )  r e v i e w , c r i t i q u e  and modif y; s e c o n d ly , t -c- I c - r g - l n i z i n g  the-

information as instructed; and finall y performing such calcul it ions and

i t e r a t i v e  o p e r a t i o n s  I S  ire required.

83 

~~~~~~~~~~~~~~ ., ~~~~~~~~~~~~ -~~~
±~~~~

—
~

-
~~~ .~ .o ~~~~~~~~~ — 

~~~~~~~~~~~~~~ ~~~~~~~~~~ 
‘V ..



- —s-—.-.--’--—’---- — ----- -

— TASK CODE D E R c V A T I O N  __— ~~~~~~~~~~~~~~~~
- ,-~~c i-- - c - c -  LEVEL i LI c-IL 2 Cc- c- E L 3 ~l vi L4 LIV EL 5 LI ~E L 6

F L ~~ H T  1 F - - -c - iO 5c-~~~~~
y
~~c-~~~~~ ~~~~~dN1RUL ~~~~~~~~~~~~~~~

~ PHASE REQUIREMEN T F-L IM T 1)N I L c - ’ L c . ; f ~~~~~ 
)~~i L A Y  fr..~~ 

c-e l iUMIP UN .—

- s 
- 

~c - s  l I c R I 5 ~~ ~~~~~~~~~ c- 
I

c_ 
~~~~~~~~~~~~~~~~~~~~ ~~ NC Ted) ~~~ 

- 
~~~~~ COI)

/ _~ 0~~~ - 
~~~~ 

-

t ~ ~~~ ~~~~~~~
c - 4

~~~
IN A  

IDENTIFY FONCTI ONA L CATEGORIES T E R M I N A L  ~~~~~~~ST O A A e E ~~~
.CREA S EMS 

I L 

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ REQUEST 
COM8 I NA T  N iF FIELDS 1

LE VEL 1 TO L E V E L E  

- 
-

~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~ O~~~~~~~~~~~~ED c E W ~~~~~~~~~~~~~~~ R€ D E L E c RIcA L E

~~~~~~~- A c - RE~~~RTS .c -~~4 NlNG PL A NNeN G I: ~~~~ DURA r ION :~~~~SAL DESGNAT ION
- INFO • Sc- c- Ic Nc -F  IIVA L TIME • S - : I r c A L  J EST NA c - O N  • ~~-e A 5 ) c -cf F ci c-ic- f ’

- • TRAINING EQUdP • ~~4 A ME-M~ ER .- - 
~ S c - c -  C A ’  - -c -N • ,IIAN - nI - REQMTS • — “4 5’ 4 fL  A C T IV C T Y  •y c i  Bd T ~~~~ c -c-c- A ’ c - c - c - c - c -  c& - -c- ,pi

A N Y  COMBINATION I • TRA INING SYLLA Bu S E X T  v ISION •MIN SAM/SEC • VI  SLIOcc i
OF DATA F 1 1 c - c - S -  51 VISIO N •ELE CT N TERFA CE S . E F I - E ( t - v - c - Y

I LEFT FOO T Fc-P c-S • [li ii v - ° c - v  N

I P’  ~~OO~~ I ‘ELECT INTERFA CES-
I LE FT I-lAND CIUTPc- c-S51 

14 A T HAND •EFFECT ,VITY - dl
9 I c -i~~c - c -  CCONITeON

A l - ec i - ic - I N
v i c - l i lAc - 

I
_ _ _ _

FIGURE 2 .2 - 1 8:  CRE W SYSTEM INFQPJ ’4]\TI ON STORAGE

MANAGEMENT SYSTEM (C I SM S ) I f i n ’

i-I

F 

~- -
~~~~~~~~~L~~~~ ’& ~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~ - 
~~~~

-- - - 
— ----- - -— —~~~~~



-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - --~~~~~~~-
- - -

~~~~~~~~~~~—

r 
- -- - -

~~~~~~~~~~~~~~ ~~~~~~

OiOO dl
— 

- 

A,n. .dtA F* o n , d  P r ’  IOu - 
~~ - - r- -~~ 

- inip, i t ’d  Ac - 1 
~ — - s l o ’ ~. p P d h  I 02

dc- Odd A L c- n- P ti1” 1 P A I ~~~IF Li - 
~

_ 
-

I I I PI I~ ~-c•~ 
IF - ,en l , ,  nx.~ f *0*0 !Id*IACIS

r ~~
- t,, 1 - -, II 1 .10 tI n , - o,

d c- 2 c - d n , ’d’ A ’ -. T o F f l A h I i ’, d i !c- I --e I~~’  n c-c  i c - n - n c - n  - p p e , w  ‘-- p.m o x - c .  I it. tnrv,~~ . 
— — 

-

— d i  - ‘A ., no t AIn t C
- c n x J .  - -

~ ~ - -~~- , / - l ! ~ 0 1  -
Ic- 

- 
- —A f l P  L A I n -  I t I lAy - d c - L I o .  }
I  A Fl..l y os

‘ A d n  I - cc- Al - IS-  I flhdd I -
i c c - c -  x c- no,,n I I A x I 1 I A - nP- l  I o ~ 

c - r i flICAL
S OC I rLn C c - nI l ’’ - ,  lid_ n t one

c - n o n !,, 
— -ic- ~ 

‘ f l,x d  nc- ni- nc - . , 
~~~~~~~ 

-

I — I  •~~~~~, O n d  I 0 111! F 0 07
c - N  s c - cr ‘1’ IS tOpic- N - —

~x i p  fl S c - n A P 1 - X A ! !  Six, . p - fn’1t*astiici
- c - c - c - n c -  -n I n n . c- I - S c -  U,d~ 

I c e ’ s - n  c- 0 1-ti - -- 1 , - d c -  
• I c -  5 1 i c -~~c-~ ZOF I I o r

F Ft Ii - - 1” ! -  5 I O S~ J I so
c - n p i c - c  v - c -  - - u p - n  Mn rots • I - - -

i c - /  t 5.- t I  P1101 fl I —[au - oil tajy lull - ~~
-

A - - 
- - - - c - i n n -p -c UlO EQ

• — 
1 I ~Ji 

ue nt-c 
~~~ 

I ITIBI 
— —

AniA - An taOuelnc I i i
- 

1 0 5  . dl! 
-~ - I c - t S F e A V  p

F 

:‘: — ~~~ n i S n y I dOii 11j1}—J
- ic-- n~

, 
— j  

I - - .,, c-i. 
-

I I I F- I r d r  ‘ -

1 - 2 e  
-

• • nOlA~ c- Ico n — - _ J , n~•c-~-~-r~ 1 - 00*0 ~U’FAa~IB c- .c-1200 2 —_ 
-

S - - C r —--c - 22
-fl a w-nd IIO’t-I_no(TI n’nu - - -L Sd l n_n d c - i c O n  J 

- O TIdOAFT 
- I T I 0 * V T if p i. -

~ 
~~~~~~~~~~~~~~~~ 

~~~~~~~~ ~ ~~ 
~~~~ 

~~~~~~ ~n -

F - - - 
~ i - I niondAli f rreitsenn 

_
~ - 

I 
• ~u c-c, 

— r -
- F - - d~ t 0 *  c- oou lronaO-cd-trdasct ~ c- 0 2*

14— soc - - y LOON DfCpi 
- 

, -
P i p ! -  f i t 5 I c - O N  lc- 

- 
, - 

P(AfrdOl- I c - d i r - i - A  I - 
i y

C - - - I p c- SOC I t -  A i d  is b 1  o -
; n~~d - ~ p c-AO l -n c - - ,

- 
-~ ‘ - PNeiPI nI !TON 

— - -

• I - - c - c -

5l J 
N I c - -~ c - ,tn Ic-Is ICON -

— i i  

-. 

_ _
_
l - 1 c-t,FLO1

- 
0 ,rn’n.r

I ~~~~~ I i [
- - I - I Ac-Ill c-Ac-I 5*01e . A  

I 
— -

I F S - p - A c -  AnA 

~)n!J- Od ’ ,.rncg!ddnl,, 0*1 - I I I iti — -.
z uOo .~i- c - n  p c - f l  ~~ Cd r 

~,
0’ F I R ,  10*7 d -- H - AMId 

- I II F F1 ‘ NI 10*7 I 
~ 

I - mill sir
- 

— l i c - n i -  
~~~~~~~~ u~, r F l i P  tIFF -

- - dL_ 
- I - ~x P ~ 071 Sic  loaF I . - 

-
- - - - -c-Mn c - n  -OHS - I S A c - c - K b  1110 u - I- -,I 

- f l  
- I i  - F i n !  - 1 - 7 0nn cosmic ~~~~ 

-
-

- ‘ ~~d . 
- I - I A I R A 1 P Ic- -c, fltt

I Ic -C - - cc, no Id S Y S T TI*C lxii c- ~/0  }
- x,, , n e -  - nsi-  - PM 15 - I N P  l iFt

— A, ’:- c-~~~~~)yn-7d 
n ! d d  FAA MCI f l ’c - IC PP nbc - — —

L ‘P ~A 
c- 

PX Md Ce A p ‘-‘c
_2~~ — J

- fl c - _ce - - I- , n - I  m y  I
- 

- 1 ~~ ‘ , .‘ n - - - - i l I A c - c - e n  [COT - L~ 4- - ~ - 0~~~ —p7 ,- P - -c, — n - nc-—
- n A  .1

- rsu vt  - - F e - i  A 007 0

- ‘P
- x i  i l l  117 — - ‘ I l  L I ! FM - N p

Fe c - f l  In- I ,- - -. tin.

c-
I

FIG UR E 2 2 - 14 -c - - i PM t F~t c - A l A  (c-B(,A ~ - I : A c - c c s  ~-
dl d d  

- - - —

_
11_ ~~~~~~~~ 

‘F ~~~~~~~~~~~~~- L ~~~~~~ ~~~~~ 4 . ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ 
—

~~~~ 

-



— — —— -—--‘------ - -- — — - - - — — — —P 
~ ~ 

-c
~ ~~~~~~~~ ~

“ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
,_- — —

~~~~~~~~~~~~~~~~~ ~~~~~~~~

- - ,  

~~~~~~

—---

~~~~~~~~~

- -

~~~~ 

- - _ 
---

~~~

------- 
_ - --

~~~~ 
--- - - - 

1

PICOIIF 2 . 2 - t i  (Kn’OT ’DI

S n _ N  ,n,rr

~~~~~c - ’ -- I d 
_,n ~ -

; 
~ • 1 c- c I  ~ 

•
•

l -  ~ i~ l-~ ~ 1 4 -  ~ (n - 
- -  -

- ? .np,’w7 - n,,- N N FdlIOIIC - I! c u-n N diet O n v , c - A T I C O  Fi-x c c I In,- m~n
l f lSPtat , 

- 
T S S T pn,,Yn,T, - c-T UdTi c-d S - C ,cn’ ’eV!

- - 1 01501° t1~ 
— —, I — n - c- - - - - - - —

do  - I I - n d - n  n r c ,  
- I SA - TN!pITAn c-n n -*  -- I Old! I I - 

- I 
- u PI n 

— 1 xvc ,nn’nee - — NA v Y ’ S— - - - ‘ Kfl - PA -~d Y
- 

r-, n 
— 

nwnrpn’p , I sn ~~ I I — -J c-
II 

—
~ ~ II r 1 I n-~ , ~ 1 r 

~~~~~~~ 1 Li. ‘n 
—

I - - on., t - 1 - n c - P t~~ e 
- 

- - I --- 017—I F ? I - - - ~~~~
I I 4

1 - F 
~_ j I Tnd nc - l Ip  1 5 0 2  

1 L n c- I

I ?MF I 

] 

!rV
~ 1 ‘~ 

~~~~~~~~~ 

I 1 
1 00 

- 

~~~ { lOl ‘hI ] r r-

H cc-~~~~~~~~~~ L~~~~~I - ,~~~~Ifl ~~~~~~~ 

- 
~~~oc-~ 

- 
1 

•~

I -_ ~~~~~~~~~~~~~~ L I ~ . c- I____ L - — j
I 

] 

~~

n.n
t

n

!
0 L~r-, 

~~~~~~~~~~~~~~~~~~~~~ 
~~ 

!

L

:
1

_
I P  

1

I °‘~~ c F 
MAI~PI I ‘ i--~ ~

S - - - c- _ J I - - . . - L 
I P I U’ P fidlOd ~~ J n  I 

—

I — -
~~

n-
~~~

’ - ‘ I ‘ AI~TI~flIe! - 
- 

-
~~ ‘i~’ i c - c - I r~n I ~I r’’ I -

- - J -
- -

- I :  , ~~~ c __ .~_ _~J 1 I .. ‘- -—— - -

1 An 1 ~~~ - ,, 1 c- np ’ 
I c 1

- 
- - - ~~~ MACI - c- inpu A - c -  - my,, I 1 ,,,, I

- - - I i - - — — c- - - 
-
c- — L

~~~~ 1 - - - ‘ -e -
Ii ynni ,, - dl n T d , . - - c - — P  I Li  c- - I - -  F I T  - n  - I n~ I

- in —I I  - ~“1fl 7 I 
- 

- - - 5 0 i d , P A 

- 

- 

I n i — c -  n - h

I c - n  

I I ‘k 11 ~~~~ I 

- 

- 

I

I t {  

I 

1 I L ~~

~~~~ 

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

- I - ‘ i noa—t . i r  I c - - e r c c c c  - ,— - .- - r
I L - - - J I - 

- 
- I

n, c--.
~~~~~ 

c-~~~~~~- ,, - , ,  
I 1 L. c - ’ c

-
I 

- 

I,’ - 

- 

n’d ’ nin I’ 
- 

I j
- —- n- L~° f ~u- I —

ne 

]

- - ‘ - n IP-  
-
] I

I 

pt  1 ~ I~~~/

FIGURE 2.2-19 (CONTINUED) : EQUIPMENT DATA ORGANIZATION CONCEPT

-, 
L 

85 
- - - - - - - 

-- 
- 

~~~~

- c 

~~~~~~~~~~ ~~~~~~~~~~~~~~~ L.2~ — - —



‘AD—A O*O *76 BOEING AEROSPACE Co SEATTLE WASH RESEARCH AND ENGINE—ETC F/S 5/5HIMAN FACTORS ENGINEERING ANA LYTIC PROCESS DEFINITION AND CRITE—ETC(IJ)
LWCLAUIFIED D110 1675O—I 

E ~~~IN~~ R N62269 71e—C—O693 

SiU~~~~~~~
1 UUU~~W

_ IN____
_ 

_
L U I  

_ _



FIGUPZ 2 . 2 — i P  C~~~TINUID

_ _ _ _  

2 
_ _ _ _  I _ _ _ _  _ _ _

T!S~~ ’CUZC~ ~~~~ ITOP PP3-S!r DATA MANAGf -COWT~~~L
• •. ~~ ?UNCTIONS suIsysr!pi supsysrvi SUB SYSTVq ~~TPY SUDSYSIU 3PERATI

_ _ _ _  _ _ _ _ _  L _ _ _ _ _  _ _ _ _  _ _ _ _ _

~ FO~~~~~ I~~~ ~~~ s iz 

~~~~~~~~~~~~~~~

LE N T  C33A AC ER~~S1TCS 
I

4 f

FIGURE 2.2-19 (CONTINUED) : EQUIPMENT DATA ORGANIZATION CONCEPT

87

1It~~ ~~~~ ‘~~~~~~~~~~~~~~~~~~~~~kL



2.2.2.4 (Continued)

TASK PERFORMANCE DATA ELEMENTS

The task information currently being used for systems development and the

CAFES submodel assessments are generally derived from “expert” knowledge,

(including knowledge of data sources), rather than being drawn from a

storage bank of information. The ability to further automate task alloca-

tion and workload analysis requires the inclusion of stored information

about human movement, operation , manipulation , cognition , processing and

react ive times as well as efficiency , and effectiveness or reliability of

the above definitions .

The operator , in his primary role as an information processor , decision

maker and controller, will be working in conjunction with specific items

of equipment. Accordingly, to a large extent the type of data and storage

4 requirement can be tied to specific pieces of equipment. This is readily

compatible with the computer storage and retrieval programs . Since

specific subsystems and hardware items are identified in a synthesized

system concept from initial functions allocations , the associated data

(describing actions required by the operator to effect desired requirements)

can be available for functions—tasks allocation, task timeline development

and workload analyses.

The task data tied to a specific mission requirement , subsystem or piece

of equipment can include :

4 1. function(s) performed or augmented by use of equipment ,

2. function criticality,

3. actions required , controls to be actuated , or manipulations to be

performed ,

4. type of information , displays to be viewed or manner of information

feedback provided for each manipulation,

5. more commonly used general location and/or orientation of equipment ,

to define the degree of diffic ulty associated wi th viewing and reaching

of the controls and/or displays,

6. channels of activity necessary to absorb and/or acknowledge information

displayed, as well as to input control actions ,

88
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2.2.2.4 (Continued)

7. type and time duration of required activities ,

8. typ ical response characteristics : frequency , range , consistency ,

9. interdependency of equipment functioning , with associated components

and priorities of operation among equipment functions .

Other task data characteristics of interest include a measure of the

adequacy , rap idity and accuracy ve rsus type of operation (~ .g., a measure

of effectiveness , or of probability of successful completion of the

activity within a specified time period). These types of data contribute

to eval uation of the variabilities between crewstation configurations and

the effects of varying combinations and arrangements of controls and displays.

However , there are limitations and precautions to be observed in establishing

task data characteristics that ara commonly and directly comparable for all

operations . Much of the data that are available are useable in the context

of being qualified and app lied with sound professional expertise , but

4 frequently lack the general utility that would accrue with the ability to

perform more complex mathematical operations , e.g. additive or multiplicative

• uses. Considerable progress has been made in such data areas as human

performance reliability, task performance time and accuracy . These data can

be app lied meaningfully to permit reasonable comparisons of predicted

effectiveness between system concepts , and to produce preliminary appraisals

• for a given system concept. As this data base is refined and improved

through use and validation, si gnifican t improvements will accrue in both the

quality of predictions and ultimate operational results.

CREWSTAT I ON HARDWARE IMPLE MENTAT [ON—LAYOUT DATA

The development of f u n c t i o na l  f low block diagrams to the  lower levels of

i n d e n t u r e  begins to i sola te  r dn d i d a t e  equipmen t components  f o r  various

phases of the  m i s s i o n .  The i d e n t i f i c a t i o n  of candida te  equ ipmen t  by phase

then  leads to an eva~~u at i o n  across the  e n t i r e  miss ion  and a t r a d e — o f f

as to the p r a g m a t i c  arrangemen t w h i c h  appears most f eas ib l e .

The i n f o r m a t i o n  s p e c i f i c a l ly  ( ‘oncern ed w i t h  the  equ ipmen t , in add i t i on  to

f u n c t i o n ( s )  capable  of be ing  p e r f o r m e d , i nc lu d c  the f o l l o w i n g  physica l

4 characteristics :
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2.2.2.4 (Continued)

o dimensions ot p~:ckage

o disp lay/control types , features , quantities

o display/cont rol dimensions

o force required for manipulation

o type of movements necessary

o means to verify control position/actuation

o power input type/quantity

• o related equipment necessary for operation, input signal or output

processing.

Such information is definable for storage and retrieval in an information

system. Prior layout concepts , trade—off qualifications and criticalities,

and such considerations as representative frequency of use are definable

for storage and retrieval. Additional considerations such as unique

requirements for a given display or control related to mission phase (or

peculiar task data, characteristics or constraints related to a given item )

could also be stored for easier use and retrieval. In short , there is a

• strong case for an information system that organizes , stores and makes

available such da ta, with appropriate qualifications , for readier use.

4
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2.3 COMPUTER AIDED FUNCTION—ALLOCATION EVALUATION SYSTEM (CAFES)
CONCEPT SUMMARY , CHARACTERISTICS , OUTPUTS AND USES

• 2.3.1 General

CAFES development is intended to be used to support , enhance and exped ite

the FIFE processes described in preceding sections. The objective is to

provide for improved and timely results and more effective use of such

results in management decision making during a system development program .

This objective is to be accomp lished by computer technology to facilitate

organization , processing and use of data , and to assure early, systematic

and comprehensive treatment of all crew related parameters that need to

he considered in system programs . Representative system areas where such

applications are expected to be beneficial include:

1. Improved development , evaluation and confirmation of crew station

con figurations

4 2. Improved weapon system performance through improved crew performance

( 3. Higher probability of mission success

• 4. Improved manpower utilization

5. Reduced training costs

6. Improved safety through fewer errors and accidents in system operations

7. Improved crew systems performance in airborne systems

• CAFES use for HFE efforts during system development will offer many tech—

nological advantages for the analyst. It will help to develop , record

and provide consistent and comprehensive analysis data relating to present

and future systems developments. It will provide a record of on—going

development decisions and rat ionale during a given program , i.e., a

recording of crew related information for a given system , from early

requirements analyses through design , development , test and evaluation,

and training systems development. It will facilitate data access , inte-

gration , interpretation and use in program support activities. It will

enhancv ab il it y t make effective jud gements while offloading routine ,

elementary and tedious analytic operations. It will provide a tool for

evaluating eIie tivencss of decisions prior to implementation . Finally ,

it will hel p to i d t n t  i f y  data gaps and needed man—machine research to

4 support development.
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2.3.1 (Continued)

In effect , CAFES prov ides computer techni ques to structure , control and

evaluate crew systems aspects of a developing system. It provides for

maximum use of data from experience , research and other programs to provide

early analytic results. It also provides for improved continuity in the

parametric trade—offs of man—machine interfaces necessary for most effective

crew related provision s in a comprehensive system development. ~~st 
)

• spec ifically , CAFES extends the use of computer technology for HFE applica-

tion through :

o Appli cation of computer techniques to assist in requirements defini-

tion, function allocation , workload evaluation , preliminary crew

stat ion design , and evaluation and other human engineering trade—

off studies and activities which have been accomp lished by manual

means.

o Integration of the computer methods to provide efficien t and com-

prehensive capability for more extensive analysis of man—machiae

interface interactions , to provide much of the needed human factors

ii data for systems development , and to prov ide critical trade—decision

data as needed .

However , CAFES cannot work effective ly without guidance based on the

expertise , sk i ll , and professional jud gement s of a knowledgeabl e human

factors engineer. As in more traditiona l methods , he must make numerous

decisions based on interpretation of system requirements , specifications

and application s of qualitative as well as quantitative information . This

will continue to he the case with the type of FiFE information and data

used in the anal yt ic process , and the typ e of trade—off decisions required

4 (e.g., relati ng to crew size , display requirements and features , l if e

support variations and resolution of conflicting data ). The computerized

models can only assist the process by retriev i ng , processing, organizing

and/or presenting data as required. They can also be used to evaluate

the system impac t of alternative trade—off decisions.
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2.3.1 (Continued)

Since CAFES require involvement of the lIFE analyst , effective interface

provisions are continually emphasized. English language formatting is

used for easier use and interpretation . Additionally, model concep t

development is now to the point where added attention to simp lified

• input—output formatting is t imely, to minimize efforts to input ,

access and use the models. One of the goals for the present is to clarify

areas where re lated refiaements are desirable.

In summary, the CAFES concept development and application is based on a

synthesis of (1) crew system methodolog ies, (2)  app licable FIFE data

derived from a diverse set of sources, (3) management by the FIFE analyst

as the control element , evaluator and decision—maker during CAFES opera-

tion , and (4) a computerized data management system coupled with models

supporting typ ical processes to store , retrieve and mani pulate data ,

procedures and programs.

I
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2.3.2 Submodel Definition

For the purpose of permitting comparison of various CAFES operations with

the baseline methodological developments of earlier discussions, summar ies

of the various submodels follow. The summaries provide a CAFES orientation

for the reader who is not familiar with the program , and provide highlights

of relevant features correlated with the baseline process for the reader

who is familiar with the program . Summaries are heavily based on

abstracting and organizing data from publish ed documentation . More

detailed descriptions are available in technical reports published during

development of the submodels. These reports include references 1 through

18 for the Crewstation Geometry Evaluation (CGE) submodel , and 19 through

29 for the Data Management System (DMS), the Function Allocation Model

(FAN), the Workload Assessment Model (WAN), the Computer Aided Design of

Crew Starions Model (CAD), and the Human Operator Simulator (HOS).

Other references (30 through 46) contain background information relevant

to submodel development or to related methods , concepts and applications.

The computer aids are a set of submodels working in conjunction with a

data—information management system . Each submodel may be used individually

or in combination with one or more of the other submodels , depending upon

the requirements for data and analysis at any point in the research ,

development , test and evaluation cycle . The modular construction of

CAFES will  provide f lex ibility for inclusion of the nyriad of parameters

that may have to be integrated for meaningful definition and evaluation

of the human ’s role in a system development.

The CAFES submodels are identified by name below :

1. Data Management System (DMS)

2. Function Allocation Model (FAN)

3. Workload Assessment Model (WAN)

4. Computer—Aided Crew Station Design Model (CAD)

5. Crew Stati on Geometry Evaluation Model (CGE)

6. Human Operator Simulation Model (HOS)

4
V
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2. 3 .2  (Continued)

Each of these CAFE3 components is described in later sections , together

with th e ir development status , inputs, outputs , general purpose , and

ut ilit y . Figure 2.3—1 together with Tables 2.3—1 and —2 provide an

introd uctory overview of these subjects.

The design of the system provides the user with necessary computer program

visibility and essential elements of control for effective use and manage-

ment. Several related objectives are involved in the intent to provide a

tool useable by the human factors engineering community. These objectives

are to provide for:

1. Broad applicability in producing data for human factors engineering

across the full spectrum of man—machine systems, research and develop—

ment activities; and operational problem solving . In addition to

system design and operations , CAFES will also be applicable to train-

ing, maintenance, job—aids , and other functional regimes where human

performance is critical to system effectiveness. For example , CAFES

can be applied to training in several respects:

o Definition of training requirements for crews of a new system

(e.g., task procedures , prof iciency levels, task allocations , etc.).

o Man—machine allocation within a training system (e.g., trade

between instruction by humans and machine—assisted training aids).

o Workload analysis for training procedure development (e.g., for

degraded mode training). -

o Add to design of training devices (e.g., instructor consoles).

o Evaluation of training programs by comparison oftrained skills

versus required skills , trained procedures versus optimum pro—

cedures , etc.

2. Visibility and traceability for quick identification of the factors

having greatest effect on system performance and underlying assump—

t io n s  w h i c h  h e a v i l y  i n f l u e n c e  CAFES e s t i m a t e s  of system performance.
4
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FIGUR E 2.3—1: CAFES INPUTS/OUTPUTS
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2.  3 — 1 ( .\ ‘ L~ ( 2 i’ ( ’ I I :~ •\ IDS

NAME PURPOSE

Data Managem ent  Sy s t e m  Prov ide  a h i g h l y  flexible data storage!
(DNS retrieval system for the full range of HFE data

needs; assure ready orderly use and up d a t i n g .

Func t jon A l l  oca t ion Model P roceas / t t m an— m ac t i tie task a 1 Inca t ion
(F\~’I) solution sets for each alternative equipment

s e l e c t i o n s  per miss ion  r e q u i r e m e n t s .

Work load  Assessment Model Identif y and evaluate tasks , procedures ,
(WAN) frequency and time of display/control usage

on composite mission profiles to verif y over-
all feasibility of spec i f i c  man—m achine
comb that  ions .

Computer  Aided Crews ta t ion  Ass is t  in p r e l i m i n a r y  c rews ta t ion  c o n f i g u r a —
D e s i g n  ~Iode1 t ion  layout  — use FAM and WAN results to

(CAD) systematically structure station configuration
according to design requirements/constraints
derived by FAM and WAN .

Crewstatio.i Geometry Identify potential physical incompatibilities
Evaluation Model between the proposed crewstation and standard

(CGE) anthropometric and ergometric data.

Huma n Operator Simulation Provide a generalized computer—driver model
(HOS) of a human being in a goal—oriented task

processing environment.
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TA B L E  2 . 3 — 2 :  ( :AFE S C A I ’A B I L I T  [ES

FUNC 1 1  ON ALI .OC AT I ON ()  BES I’ CREW S I Z E

o BEST Al ‘FOMA T IO N .EVEI.

o OPTIMUM TASK A l l OCATION

WORKLOAD ASSESSMENT a VERI F ! CAT ION OF’ AI LOCA I’ I ONS

(~~AM) o DETA I l El) P R O C E D U R E  ANALYSES

o OPTIMUM CREW STATION D E S I G N

C COMPUTED A I D E I )  CR E W S T A T I O N  a FEA SIBLE STAT I ON ~~~Y OUTS
D F S T ( ~~ a S E N S I T I V I T Y  TO R EQUIREMENTS ,

(CAD)  CONS TR A I N TS , C R I T E R I A

CR EWST A T [ON GEOMETRY o V E R I F’I C A T I ON  OF l)ETA ILE I )
EVAL [JATI ON CONF I ( ;URA r TONS

(CGF.) o TASK TIME ESTIMATES

H UMAN OPERATOR SIMULATION a HUMA N PERFORMANCE ESTIMAT ES

(HOs ) o S E N S I T I V I T Y  TO BEHAVIORA L FACTORS ,
O P E R A T I N ;  ENVIRONMENTS , ETC .

4
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2.3.2 (Continued)

3. C o n s i s t e n c y  with state of the art in human factors methodology and

da t ~ i but with growth p otential to incorporate new techniques and

improved d a t a .

4. Flex i b i l i t y  to evaluate impact of changes in anal ysis conditions; for

examp le , degraded modes of operation , mission scenario changes , etc.

5. Capabilit y for human factors personnel to interact with CAFES computer

systems suc h tha t iir ~~ ~~,sioua I j tidi’ etne n l can he a ~ded by I t

computed results.

, t ~~~t l  i I i t  v r o t ’ quick n u t m ta t’v r~~sn i t s  f o r  u t u d  it - s  of ‘‘hot ’’ problems

r e q u i r i n g  q u i c k  t u r n a r o u n d , or can be employed  in l o n g — t e r m , i n — d e p t h

s t u d i e s  i n v o l v i n g  e x t e n s i v e  d e t a i l  and i n t e g r a t i o n .

The application of the CAFES submodels in human engineering will be dis—

cussed under  t i  i e e e  io n  i ’ C I I ~~~. tI ~~’ ’ve ~~, I I t  ~ e t t I i t  I t i  o l  I ,.\ S is in

t h e  integrated use of submodels for interactive use of information or to

produce any specific output data and analysis required during new systems

development. An examp le of model relationsh ips is illustrated in Figure

2 . 3 — 2 ;  i n t e r a c t i v e  a p p l i c a t i o n  of these mode l s  can hel p to produce a l l

the  various CAFES results tha t were summarized in Figure 2.3—1.

Prim ary outputs of each mode l are shown in Figure 2.3—2. Major feedback

l oops are also indicated. For examp ’•e , the workload analysis by the Work-

load Assessment Model may suggest a re—exercise of the Function Allocation

Mode l to evaluate different allocation versions , and  outputs from Crew—

station Geometry Evaluation Model may suggest a change in basic configura-

tion to be run on the Computer Aided Crewstation Design M~~ e1 . Consequentl y,

the inte’e r’a t ’ ’~ ‘ i p n h i  l i i ;  i n  t h e  ( , \ I ’ [S m e t  hod s i ! 1  l i e  H i  I v  t a - t I !  l i n t !  s’ e u

• I s i t H  ide  P ; • t ’ e ‘ e  u i ’ tp  I ‘ c i  .i ni I e r  1 : 1 1  t I  -

CAFES can b~ ; i pp l  led i t  i i  t ’ r t i , i t i v ~ l e v e l s  of d e t a i l , and would normall y

DC l I P 1 t ed i t 2 I ’ i L  ly e  v t t i r o u  l i n t  t u e  sy s t e m  d e v e l op m e n t  cy c l e .  Sys tem
i i i t i i l  i s  u e i i I l~~ sK e t ( n v  d u r i i o ;  e ar l y  c o n cep t  l o r m u l a t i o n , b u t  CAFES
c l i i  St  i l l  On ~ip i led • t t  a gr ies l e v el  or , w i t h  n u m e r o u s  as sun tp t  i on s , at a

d c L a I I e ~ l e v ~~l .  is sy st ~~~t l t Ve i i p r f t n t  p r i o r e s s e s , t i l e  r a t i o  of  s y s t e m  d e t a i l
Lu  sy s t e m  i S S U r I I p L  i l l S  i;I ~

, r ov e s  c on s i d e r ab l y  and C A l L S  an a l y s i s  can be c a r r i e d
to much ~r e a N ’ r  d c l  i i i .  ~~i i i ’ 1 l t  ion of t_ l te  v a r io u s  CAFES submodel  s is n o t
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2 . 3 . 2  ( C on t i ~~ued)

c o n s t ra in e d  by level  of d e t a i l .  The Function A l loc ation Model , the Work-

load Assessment Mode l , etc . ,  ‘an operate at any leve l throughout the range

from top leve l functions to very specific subtasks. The second aspec t of

CAFES app l ications , iterative operations , refers to the interact ive nature

of the differen t submodels , and the potential for anal ysis refinement ‘through

multiple runs of each submode l based on dynamic changes in results from the

other CAFES submodels. Although most effective use of CAFES will include

the  sequential application of all submodels , each of the submodels may also

be used independently, and provide data specifically for a given prob l em .

Continued analysis and development of methods for apply ing CAFES to Navy

systems development is required to assure an evolution of maximum practicality

and useabi lity. CAFES app li (’ations to Various Navy missions , systems ,

and developmen t activities are illustrated in Figure 2.3—3. The general

flow for the CAFES application ana l ysis is illustrated in Figure 2.3—4.

4 For any system , the types of data and ana lyses tha t can be produced or

supported by CAFES include :

1. M a n — m a c h i n e  f u n c ti o n  a l l o c a t i o n .

2 .  M i s s i o n  task  a n al y s i s .

3. I n f o r m a t ion r e q u i r e m en t s .

4. Control—display listing .

5. Crew—loading t imeline assessment.

( . Crewstation configuration requirem ents/constraints listing .

7 .  ~C r e w s tat i on  geomet ry  e v a l u a t i o n .

3. O p e r a t i o n a l  p rocedures  s p e c i f i c a t i o n / e v a l ua t i o n .

9. Operator/system performance .

1 0. Cr e w s t a t i o n  des i g n — r e l a t e d  t r a d e — o f f  a n a l y s i s .

Upon comp letion of CAFES developme nt a l i S t  r’ orient od capability will be

available for svstema t i e a l l \ ’  s t r u c t u r i n g  a r d ev ’ i l ua t i l l c  those pa ramete r s

h a v i n g  a d i r e - c t  i m p a c t  on cr . u sys tems  o p e r a t i o n s .  The i n f o r m a t i o n  to be

gene ra t ed  th rough  CAFES ut  i l  i ;~a t  ion  will be i n  c o nt e x t  wi ti t  tha t of o t h e r

sys tems  deve lopment  a c t i v i t i e s  a t  e q u i v a l e n t p o i n t s  in the  deve l opment

cy c l e .

~
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2.3.2 ( C o n t i n u e d )

Submode I s w i I I be app i i cab !  v o tun a n fat tors tasks t h r ough ot i  t ti n - dove I up—

mon t and  op era t  j Ul ia ! cycle of N a v y  mati—m achi ne systems. From early i dent i —

f icat ion  of crew system requirements during the conceptual phase through

system evaluation during fleet operations , CAFES will he exercised repeatedl y

to assist requirem ents anal vses , test and systems design , procedures develop—

men I , and  t r a i n i n g  and ma i n t e r l a n c e  systems development. H

• Followin g d i s c u s s i o n s s u mm a r i z e  th e various models. In order to prctvide

a c o nc e p t u a l  framework for p r e s e n t  discuss ion while minim i zi rig redllndancy

with dat a  wit ich has been pub I i shed , the  approac h for the discuss i uris Was

t O

o B r i e f l y  summar i ze -  the  si ibm o de - 1 ( n i l ( ( p t

hit l i n e  t In  roq i I r e s o r t  I n ; :n • I f i c a t  t r i l l

o Produce such c o m m e n t a r y  as are rd evan t and necessary to

Relate submodel uses to the base 1 in c  methodology

~ dev~ lopcd earl icr

o Identif y desir able refinements

I
For more de t a i l e d  i n f o r m a t i o n  on submodel design , features and operations ,

the reader is referred to appropriate documents in the reference list.

1
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2.3.3 Data Management System (DMS)

2.3.3.1 General Concep t

The Data Management System (DMS) provides two roles In the CAFES concept.

(1) It provides a rorage capability for a I I C I .  cllti env ors

encompassing a variety of different structures , hierarchy and data forms.

(2) It provides the collection of instructions and routines to manipulate

the data for each of the submoclels and

I, It p r o v i d e s  t he interfaces between the computer submodels.

The human factors engineer interfaces with the DMS in several ways.

I ~ 1. to inp ut new data

2. to modify data in storage

3. to delete stored data

4. to instruct CAFES submodel execution

5. to instruct report preparation

6. to receive data reports

The type of information required for the vast and varied human factors task

o requires an extensive storage system . According ly ,  cost effectiveness must

be considered for the data entry taxonomy . The system mus t be flexible and

yet manageable to minimize the cost of inputting , storing, and retrieving the

initial information as well as minimizing the cost of the report summary

data package. Also, it must provide for simple operations to upda te , rep lace ,

modif y ,  augment and otherwise manipulate the data collection. In addition ,

the data management system must allow for communication between the generater

of data and the user of the data , and with the set of computer submodels

which operate with the data.

The data management system is a set of instruct ions which work from initial

It instructions from the human factors analyst to comp ile and allocate da ta in

the format necessary for direct data access or for use by each one of the

CAFES submodels. The results of manipulation by each submodel is bo th pre—

sented and stored , with the initial input information , for retrieval in

report form at a later t1me. The data are also available for transformation

as input data to another submodel. Figure 2.3— 5 illustrates the interactions

of the var ious  funct ions pe rformed by the data management system .
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2.3.3.2 Data Management System Req uirements Specification

Th is dual role of user interface and submodel in terface  p laces spe cial

demands on the data management system in  t c-m s o ~lc ‘u l t l r no ( l : l  I I r ig b u I l t  i l l  t a  y —

to—use data forma t for the human factors engineer and an efficient data

format for transferring data to and from the computer submodels . Specific

design requ i rement s t o which the da ta managemen t sys t em was developed are

summarized in the following listing:

o The input and output formats for the data management system shall be

designed for ease of use and interpretation by human factors engineers .

• o The DMS shall be consistent with CAFES objectives and shall be designed

for efficient interface with all CAFES submodels .

o The DMS shall accommodate all data parameters required by all human

• engineering methods — both computerized and manual.

o The DIIS shall provide options to selectively input or output data with

easy— to—use ins t ruct ions .

o The DMS shall pr ovide f l exib ility for user specification of output

data fo rma t s.

4 o The DMS shall provide means for easy modification , addition , or dele—

tion of data in storage.

o The DMS shall provide safeguards for data in storage such that data

canno t be inadvertently lost or destroyed.

o The DMS shall be efficient in handling and storing both large and

small amounts of data but shall use economical storage means whenever

possible. -

o The detailed structure of the DMS shall be designed for growth potential

to e f f i c i e n t l y  accommodate new data parameter~ and data formats as they

become available (e.g.: when CAFES submodels are added or modified).

o ‘i te DMS shall facilitate high commonality of data parameters between

the var ious submodels and shall be internally consistent in units ,

constants , nomenclature , etc.

o The DMS shall provide error messages and diagnostics for trouble

shoo ting purposes and shall be “fail safe” by supp lying standard

data for submodel execution in the event a user fails to specify

required inpu t data. (This event shall be reported to the user.)
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2. 1 . 1. i Pi ta ~latiagement System Relationship to Baseline Methodology

N iti t  ro ts  e ’n d i d a t e  a rc- a s  f o r  !)MS p r o v i s i o n  in data were identified in the

t O r t 1011 ( ‘Ii b a n e l i n e  m e thodo logy . Iwo m a j o r  d i s t i n c t i o n s  e x i s t e d . The

I i m s t  was b e tw e en  t h a t  i n i t i a l  i n f o r m a t i o n  and data  base which was neces—

n ar y  t o  o r t - l t i i z e  i n f o r mat i o t ’  p r i o r  to  m i t  i a t i m g  a p p l i c a t i o n  of any  of the

var  i ri ~~ b i t  d e l  s . The ~ee~ i i d  was t h a t  i n f o r n t a t  ion and data used by each

n’ih t~~~~i r l .  For c o n v e n i e n c e  ot  d i s cu s s i o n , the  i n i t i a l  da ta  base will he

tr e l t t r h  tore. Information relevant to each submodel will be discussed

in  t h e  ap p r o p r i a t e  submodel discussion.

F otir  iflO j l ) r  preparatory efforts were indicated in the baseline methodology:

o r f lp o~~~i t r  mission requirements , func t ional flows with action—information

r r ’ q l l i r e m e n t s . q u a li t a t i v e  and quantitative task data , and man—machine inter—

t a r e equipment data reflecting both related tasks and hardware characteristics.

For stipp orting such  efforts , I)MS is readily compatible with acceptin g and

rod ri cing quantitative data . I t  can operate effectively with terse s t a t e —

4 me rits such as are  en tered  in functional flows . It can list referent-es for

c a n e s  w i t e  ro analyst retrieva l and review is appropriate. However , operation

becomes combersome when textual material is desired (e.g., mission scenarios —

paragraph 2.2.1 .2; or for information—data qualifications , and pilot commen—

t a rv  — Fi gure 2.2—14). Such unwieldy characteristics can be somewhat reduced

if text is reduced to terse , indentured outline format.

Accordingl y , information that could be stored includes:

M i e n  i r i  Reqci i itment s

o Outline of system operational requirement s

4 o (t n t line ot  m iss io n scen a r i o

ti Minn ion profile data

F r in c  t I ‘n i 1 F l  own

o F v e t ’r r~~’rn n1ori  l u n t ions (all a i r c r a l i

o Fy i ; : ’ t v p  ftiiie tiori n (e .g . , f i g h t e r )

o M i  I ( ) f l  p e c i t  I j a r  l ime t I r ’ l ~~
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2.3.3.3 (Continued)

Task Data

o Task typ es
o Quantitative data (e.g.. reliability ; time ; accuracy)

o Terse outline summaries of qualitative data (pilot comments;

trade—off precautions)

o Reference topics or sources

Man—Machine Interface Equipment Data

o Hardware data (physical features ; performance characteristics)

o Related tasks and task data

Other Data

o Human anthropometry

o Life support data

The ar eas  identified above are prelimin ary , b u t  o i ler a framework for struc-

turing major topical areas relevant to systems development in the DM5.

More extensive development of a manual baseline for a total system concept

is desirable in order to more clearly isola te and designa te a taxonomy

structure for each of the areas. Such development will require considerable

care and attention to detail in order to maintain cost effective operations

of the DMS.

An a -ied, very major advantage to producing such a detailed development

(includ ing such features as detailed functional flow block diagrams and

mission time lines) is the carryover knowledge to similar weapons systems .

Each generic weapons system, such as a f igh ter aircra f t , has common opera-

tional requirements. The commonality of the phase activities such as

pre—fligh t, taxi , take—off , climb, cruise , etc., makes it unnecessary to

construct an entirely new set of functional flows . The functional flow

block diagrams will be capable of covering most nf the operational require-

ments for each new systems development . The individual equipment componen ts
may vary somewhat and mission specific activities will be unique to a

specific weapons system , but the vast majority of tasks , types of subsys tem
components and activities carried out by the crewman will be identical to

previous systems or sufficiently simila r to allow rap id assessmen t of areas
unique to the new weapons system.
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1
• 3~ 4 Fu~ ct  ion  Al  b r a t  ion M odel  (FAM )

2. 3. 4. 1 Fume t jim A I m a t ion Model Concept

The Ftir ~~ t io n \ l  l o c i t  1011 Nl~ tit l (HAM ) ton I -Opt is anong t h e most comp i icated

of t hi t CAFES nubrirode Is. A cord ing lv , i t will be summarized in more detail

t han t he o t h i o r n .

The l A M  In ch i l l  I o t h e r GAl ES subnndels requires the  human f a c t o r s  eng ineering

a o l  l’,’st to  o b t a i n  det a  l i ed  opc-rat i ona I r e q u i r e m e n t s , m i s s i o n  s c e n a r i os ,

h u r t  lor i a  1 f l o w  b lock  ci i agr arn s , ar id  mission time lines. This d e t a i l  is

u u e e e n r l r v  h r - f o r e  - o m p r e b l e n s i v c -  t r a d e — o f f  s of f u n c t  ions and t asks  arc -

p o s s i b 1~~. The in  i t  ia l  p r o d u c t  ion of t h e  necessa ry  i n p u t  da ta  r e q r i i  re- s

r o n i - e n t r a t e d , d e d i c a t e d  e f f o r t  on t he  p a r t  of the  huma n f a c t o r s  e n g i n e e r i n g

analyst . H owever , p r o c e s s i n g  v ia  the  Func t ion  A l loca t ion  Model is rap id

and requires minimal time . Following the computer analysis , the analyst

max- rap idl y progress the examinati on of a large number of alternate solutions .

The FAN is a CAFES subinodni used to assist the human factors engineering

ana l vst to: iden t if y and allocate the tasks and funct ions to be ass i gned to

m i i i  crew—member , identif y required equi pment , and evaluate selected man/

m;i h t j n e  r -o m b i n ~~t ions .  The human f a c t o r s  a n a l y s t  must  u l t i m a t e l y  dec ide

whether a man in to perform a given function or whether equipmen t must be

provided to take ca r e  of these tasks. In certain instances , existing

equi pment is specified for tine- , and it then becomes necessary for the human

factors analyst to verif y that funet ions , tasks , mission objectives and opera-

tional requirements can be satisfied. Once this requirement is satisfied ,

i t  i s  n e c e s sa r y  t o  devise an optimum arrangement of tasks to maximize

mission effectiveness and r e l i a b i l i t y .

Genera l Ftinet ions Al location Considerations

The il b eat ion i i  functions between men and machines is an inext ricab le- process

of system design , development test , and evaluation . As such , function allo c a-

tion is t m o l t  [d isc i p l i n e  ende avor  in which hardware and software desi gners

work in c ope-rat ion with the human factors specialist to design t h e opt innum

man—m acb in- s e t  em. Th is mi n t i d i s e i p l i n a r y  s t r u c t u r e  has r e su l t e d  in the

d e v e l o p m l l l t  of  n r c -roan techni que s for evaluating crew—workstations , man ’s

f u n c  t ion i n n  in t i . -  works  I - m t i o n , and syst en  p e r f o r m a n c e - .
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I

2.3.4.1 (Continued)

Text books, technical reports , and human factors eogineering manuals

adequately discuss function allocation techniques. Thty provide little

help in defining specific procedures for the process of function alloca-

tion. The process of allocation generally falls under the category of

“professional qualitative judgment.” An excellent procedure to follow

in performance of this “judgment” is as follows :

o Listing and analyzing of system functions

o Identify ing plausible candidates for function implementation

o Identif ying criteria for function allocation

o Analyzing data related to above criteria

o Preparing of a comparison matrix that exhibits all candidates

versus the selected criteria .

o Performing weighted , quantified evaluations

o Selecting and justifying of the allocation

o Re—evaluating and periodically updating functions allocated

commensurate with availability of more detailed system development

data.

A traditional allocation method is “allocating functions on the basis

of what man does best and what machine does best.” There are several

guidelines that should be considered when working with this allocation

method:

• o Allocating functions one at a time to either man or machine can

lead to a solution for a full set of mission functions if done

correctly.

F 0 Man and machine are interactive in many functions of man—machine

systems.

o Function allocation is not necessarily always tied to which sub-

systems give best results , that is, particular situations may

demand “non—optimum ” allocations because specific equipment must be

employed .
o The concept implies tinat once allocations are made they be come

permanent assignments , yet the optimum solution may provide flexi—

hilit y for changing allocations to adapt to chi~nging situations .
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2. 1.4 .  1 ( ( r m n t  ni t - I )

A n i m t l u , r t a s k  is t I nt- h . i .  ‘I ii l o t  ion  c r i t e r i a . It ninst be determined

wh I r ~~ r a or - nnorc- import m i t  , .i n i  i n j  whom c c-J o t i ye we i ghting ? Exam pl e-s ot

p e rb or uuu irioc - r j t i ~~- I  i re task m X e r n l t  ion time and a c c u r a c y  of task per—

form ince . l i m e  h u m an  b c  t m r s m u g  inc-er i n-u responsible for c-st ab I ish I ng

q r n a n t i t a t  ive va lue - s f o r  these crit e ria, h in t  aside from thes - prim ary

c r i t e r i a , t h e r e  a re a ho st  ot sc-coiic hary cr i t e r i a  wh i c h  can s i g n i f i c a n t l y

I f l e e t a l l o c a t i o n  ~!c - c i s h o t l s .  Th iese o t h e r  c r i t e r i a , many  q u a l i t a t i v e ,

e m ;  t be i npu t  I rum a source out n ich e lm u ni ;tru actors technology . Examp les

ol  t i n -  so or  i I c - r i  a a r e :

1. (un t (c- . g . , pro -cnr enne flt ; m ) ~)C1~~~t in g)

2 .  \ . i g h n t

~. I u e v e l o p m er n t  t ime

4. Development risk

5. Safet-

6. Ma intainability

4 7. System effectiveness (e.g., targets destroyed)

8. P}uvsi al volume , size limits

9. Survivabilit y

The application of criteria for allocating functions provides a basis

for determining how different allocations might result in a different

system p e r f o r m a n c e  or cost—effectiveness. However , overall system

perf ti ~:in u e is related to (1) how system performance is affected by human

perfo rmi nm -e , and ( 2 )  how human pe r fo rmance  is a f f e c t e d  by sys tem , m i s s i o n ,

or e n v i ron m e n t a l  f a c t o r s .

IAN Pescri p t i o n

li t . -  I- AN o f .- r s  :n m e t h o d  f o r  e v a l u a t i n g  t h e  c o n s e q u e n c e s  of ii b c -a t  i n g  fu m e—

I i ons t O  al  t n  n i t  lye -e l n — c - q u i p m e n n t  comb ina t  i ons .  B a s i c  i n p u t s  to  the model ,

as v t - l i  m s  to  ot h e r  ; \ lT~ models Ire f r o m  t h e  mi s s ion  sc e n a r i o , f u n c t i o n  and

task ~~~ vs is as shown in h - i g t n r e  2 , 3—6.  T h i s  c o u si st s  of a l i s t  of non—

- i l l - a t  ed m~~~el i t  i emi ;i I fu n c t  ions f o r  i presc - r ihed  m i s s i o n  and a p r e s c r i b e d

Ill
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Figure 2. 3—b : Function Allocation Model (FAM)lflPUt-Output Diagram
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2. 1.4. 1 (( ott  t i tuned

s’.- s t e r n  si - l m t m n - . The in ns  h u r l  I m n u m b h u r t  l i s t  c o u l d  r e s u l t  f r o n t  d e ve l op m e n t

of a der ~ m i  l t d  I t nn ciiot: i I flow b i n  k h i ;ng r ;inr or coul d simply ht- a list of

i i i  g hi I ev i l. I t u r n  1 i ons , de pt - i n c h  i m r  u r n  h o w  f~m r de f i n  i ~ j ye  s y s t e m  cit -ye 1 opm -ni t

h t ;ms pr ogn. a d .  l i n e  i t n n i c t  h u n  l i s t  is  ant e ss en t i a l  i n g r - c l i e n t  i i i  I i n n e t  ion

ol l o c t t  ion , an m i s s  ion t rim  I ions - i u ; t  I i rst he idt -n n t if ic-d and anal y z c - d

before c i ; .  - ;lr u he i i  lo m ted 1 m m  man and/or ma chine. To accompi lsh n t htis ,

FAN l a r ; t e s  s i  r h  s i x  rtm o ~or d a t a  grouping s:

1 ink l i t  i

2 .  b i n s  join 5cc-oar l o data

I. l ob le s and constants

• - ~ i e c u  on oh c - c t  I yea

~~ . M ission events

.\ 1 1..~ - a t  i o t t  ye’ r s i o ns

fine  FAN i s  composed 01 t WI n O  in do t m  prom -ens l ug b l o c k s  : The M i s s i o n  Eva l u n u t  or

4 mn I t i e  P r m n  m i n i  re  gen c -r a  t o  r . l ine M i s s i o n  l v a l  no t or  c o m p u t e s  m i s s  j oin su c c ess

ç p r o l  n i ’ i  l i t  ic s  f o r  d i i i  . r c - n t  t a s k  a i l o c a t  ion c a n d i d a t e s , and t i m e  I’ r o - c -d mi r c -

r ; - u u c  r o t o r  proc in ir es ~ L i  1; seqnut; nce based on t a s k  a I l o c a t i o n s  and p r oe - ec hmi r a  I

r u  Ic- s ar id  c - - n c r  r a i n  t s  . The N in s  i o n  Ev a l  u at o r  i s  used to r ank  o r d e r  a l l  t h e

d i n  l en - n t  v i n  Lit i ons  i n  t a s k  u l l u c a t  ion t h a t ar e  u n d e r  c - on s i d e r a t i o n , whereas

t i n . -  ~t i n ,  i h m n r e  g e - n e r a t o r  i s  min ed to  do a ref  m e d  ana ly s i s  ( e . g .  , Op e r a t i o n a l

c !)l :rgrmn;a I for allocation canch i cl ;ite s that are selected as most

pr om is inn . t r im m r . - i flp mi t s nod m m t r t  p u t t  s of t n o s e two ma in p rocessor s  a re

i l l l c t r m t n ~ in  :j ~~m r e  2. 3—h . r;iHn do t i enttr” i t t -n  ( t i ck  i n p u t  d a t a )  w i l l

he def m c d  first. W in e -n t h u s  is comp let m d  for i ll i te tms , their uses in

~ r n , I n n  i n g  t i m e  1 . - s i  red FAN r e su l t s  w i l l  t h e n  he desc  r i be d .

M i  A N t ’  )~ [VU , i t S

Th e Mi ssion l : u l : . m t o r  t o -s m i s s i o n  i c e n ; mr  i n n  t a s k  d i t m in tim. form of a

t a hmnl;u r list of m i s s i o n i  t a s k s , nri n nh ,-r of  t a s k  o c c u r r - u e-s , s t a r t  t i m e  for

i - m i - h r mu , ,- n nrr e ;I( c- arid t irs d u j r ; m  i o n  f o r  t i l t  occurren t- — i i)  c - I t t - , t , a t ask

I o li st - I I il - si  r i -  I by t i n . -  l I F E  -m n ;i  1 ~ s I , I t tn t - i \ .;e t i c k  I o;m l rat I one

( [ i h i c -  .~~ . 1 1 )  ;ms - l irs - r a n  m o d i l i e r  to s c - i l e  t m - ,k exer nn t i m n r  t i mes or

to p r i o r i t i z . - i i~~k e . i t  opt - r i t e ;  w i t h - l i e u • h u . ( l , . - s , s i n - l i  is th e
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TABl E 2 . 3— 3  lASS l OA D RA’l INC SCHEDULE

Task Modifi er 1 1

precision 0... .no precision required
( a c c u r a cy  c r i t i c a l i t y )  l . . . . m o d e ra t e  ca re

2 lose as poss ib le

concentration 0.... little or none required
( c h a n n e l  d e d i c a t i o n )  1... .moderatc attention

2... .very close attention

r e l i a b i l i t y  0 . . .  . u s u a ll y not  mi s s ion  c r i t i c a l
(performance critica lity ) I uccess important (repeat to

make it right)
2. . . .mus t  be r i g h t  f i rs t  t ime

c o n t i n u i t y  0 . . .  . i n t e r r u p t ion s  al lowed u sua l l y
(non—interruptibili tv) l....interruptions inadvisable

2 . .  . . i n t e r r u p t io n s  not  a l lowed

m i s s i o n  p r i o r i t y  0 an he d e f c - r r e d  u n m i a l  l y
(timing criticality) l....delay can c ; u n r s e  m i s s ion  f a i l u r e

2... .delav not allowed

4
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2. I .  4 . 1 ( [ m m n i t i n u e d )

‘‘ in; t c- rrn u ee l I , m t e ’’ rn 155 ion ob oct i vt-n : (a) threat tie tect ion and u uu p p r e s s  ion ;

(h) nav ign it [ nit to target v i c i n i t y ;  (c) target acquisiti on ; (d) weapon delivery ,

on ( f - )  dun m ;igt -  .m .aessmetl t . A c - . u n c e p r n i a l f r amework  f o r  one su it - I n ob jec t  ive ,

. u r g m t  d .- t n - c t  i or; , wi t  Ii 1 ive di- t m - i - t i aim mo d es and bo th  pond li t- I and sequent ía 1

opi- r i t i o n s , i s  i l l u s t r a t e d  in; l -i gcirc 2.3—7 . System task reliabilities for

- m c h  task in t I r e  sequence arc’ c omputed  fu r  both operator and em l i l i pment , on

i i i .  b ;is i s  of  w h i c h  s u b s y s t e m s  i r e  a l l oc at e d  to t h e task , t h e i r  type -  of

n . i r i I  l e l — r e d u n d a n t  r e l a t  ion shi i p .s and t a n k  perf ornman ce reliabil It ion for both

o~~-r utcm r and equipment. Examples of oh locations tha t mi ght he evaluated are

i l l u s t r a t e d  in l’ah i e  2 . 3 — 4 .  I nn  t h e mission evaluator , variable weig hting

l i - tur n I n c  critical tasks ( e . g . , target tracking vs. navigation ;) can be

ncr - cl i f  d e s i r e d .  Probability of success for the intermediate mission objern—

t i y r  in then compu ted by standard reliability methods , e.g., following the

rmnlea for parallel , redund ant or sequential reliabilities. Overall mission

u c c en s  c ; m t u  bet similarly estimated by accumulating reliabilities for performance

i n t e r n u e d i : m t c ” m i s s i o n  objec t ives .

lank al l o c a t i o n  ve rs ions  ar e  c r ea t ed  b y i n t e g r a t i n g  a c o n c e p t  f o r  t he  t asks ,

the ope r at o r s an d the hardware subsystems under consideration . Th is combining

proce ss  r esu l t s  in ca n d i d a t e  c r ew member and equi pment assignments for the

sp.-i i  led t r ie s  ion  tasks. rnclucled in the task allocation in a definition of

how tasks are assi gned in . ones where two or more subsystems are allocated

td) n it - s;imt- task. li u c -; ; ,- tire canes of redundant assignment to improve overall

t an k r e l i a b i l i ty .

The comuuputer can accommodate a large number of different al]- ;itions , ther e—

~ 4 
f o r t -  t h e r e  i s  no n e c e s s i t y  to  d e f e n d  any p a r t i c u l a r  ve r s ion  as the  best  cho ice

pri or to Fui not ion  Al loc~i t  ion  Model execution . Traditionally the human factors

eng ine - i - c is asked to d e riv e  one best choice wbic-h is d i f f i c u l t  t i m  defend

ot t  a c j u u a r m  I it - m t ive b a s i n ; . T h r u n t i g l u q m n a n t  i tat ive allocation ana l vs is , t ine human

f . i m - t i m r n  - n ; n i t l c - e - r  i s  r e la t ivc ’ly f r e e  in  h i s  selec -t i c ;n  of c a n d i d a t e  a)  l o c a t i o n

v e rs  i r i s  amid  to exercise pr .mIessiona l j u d g m e n t  in bot h ln is sel.ct ion of

p t n  t ica  I . m c i  i c la t e s  and his compar ative evaluation of quault i t a t  iv e  r e s u l t s.

t4?
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FIGUR E 2 . 3 — 7 :  TAR G ET ACQUISITION MISSION OBJECTIVE
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TABLE 2 . 3 — 4

E XAMPLES OF SUBSYSTEM ALLOCATIONS

Subsystem allocations to a task:

1. One crew member only .

- 
2. One equipment type only.

3. Two crew members — parallel redundant .

4. Two crew members — sequential redundant.

4
- 5. Two equipments of same type in parallel.

- 
6. Two equipments of different type in parallel.

7. One crew member and one equipment in parallel.

8. Two crew members and one equipment in parallel.

9. Two crew members in parallel with a third crew

member as back—up .

c

4
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2.3.4.1 (Continued)

Referring again to Figure 2 .3—6 , Ll u cu n ex t  Function A l] o- ;i t i on Model input item

is task performance data. These data are used to compute mission success

probabilities for the different allocation versions as is explained later in

this section. Task data included under this category are:

1. Operator reliability as a function of task execution time .

2. Nominal task execution time .

3. Eq n i I p m u i e n t  r o t  t a b  i i i  t v

4. Task load ratings.

5. Task priority .
- 

- 6. Task interruptability classification .

7. Task symbol.

8. Task classif ication .

9. Action mode.

Parameters 1—4 are used in the Mission Evaluator and parameters 5—9 are used

solely by the Procedure Generator , which is discussed in the following text.

The output of the Mission Evaluator section of the Function Allocation Model

- I is a table of mission objective success probabilities (Po) for each alloca-

tion version and each different mission objective specified .

PROCEDURE GENERATOR

The purpose oc~ the Procedures Genera tor is to appl y a lis t of all mission tasks

against a specific scenario and ask the question “who is do ing wha t, and when”.

Ac tivi ty seq uencing is determined by the Procedure Generator which observes

rules and constraints prescribed by the HFE user. These rules and constraints

include :
I I

1. Prerequisi te tasks

2. Mandatory procedures

3. Requi red simultaneity and task overlap exclusions

4. Earliest and latest task start times

5. Interruptability constraints

6. Maxi mum tas k loads per operator
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~

: - - . -

~ 

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-
~~

- ---- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

2. 1.4.1 (Continued)

l i n t  P rocedures  Generator  combines data with other Function Allocation

~lmnr im - 1 i npunts , such as candidate functions allocations , task execut ion t imes ,

and task priorities to produce a task sequence for each operator in a crew—

station. Both tabular and statistical outputs are produced. Tabular outputs

are su f l i c i e n t  to construct Oper ational Sequence Diagrams (these diagrams

are not a current CAFES capability). Statistical outputs covering task

loading variables (Table 2 .3—5) c ;m u m include such information as percent

of time each crew member is busy, or percent of time only one task is being

executed by the crew .

A l l  of these output data assist in the detailed evaluation of allocation

ve r s ions , and they provide both q u a n t i t a t i v e  and quali ta t ive  comparisons .

For example , as f u n c t i o n  a l locat ions are var ied , the degree of operator

in t e rac t ion  is a f f e c t e d  (re f lected in Operational Sequence Diagram data)

as is the number of tasks that can be accomp lished in a given time interval

4 (statistical data). The Procedure Generator complements the Mission

Eval uator because it provides further evidence to support a selection of

f unc t ion allocat ion vers ions f o r  more detailed evaluation (e.g., by the

Workload  Assessment Model , the  Computer  Aided Design of Crewsta t ion  Model ,

e t c . ) .

FUNCTION ALLOCATION MODEL OUTP UT S

Overall FAN opera t ions and outputs are summarized in Figure 2.3—8 and 2.3—9.

The two FAM submodels can produce the following outputs , according to specific

con s t r a in t s (e .g . , t ime ) inp ut b y the HFE user :

4 Mission Evaluator Highli ghts

Mission objective(s) reliability es t ima t es

Overall miss ion reliability es t imates

Perceive d task load

F -; b u n t - r d i — i n k  rd [abili ti e s

P r o c e d m i r c s  Generator h i g h l i g h t s

P or - ’n t  of  tasks  i n t e r r u p t e d  and comple ted

Percent . a t  t inks interrupted and not comp leted

P e r c e n t of t a n k s  n o t  s t a r t e d
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TABLE 2.3—5 STATISTICAL OUTPUT FROM PROCEDURE GENERATO R

1. List  of scheduled tasks tha t  were not s tar ted

at any time.

2. List of scheduled tasks tha t were s t a r t e d  but  not

completed.

3. Lis t  of scheduled tasks tha t  were in t e r rup ted  and

not completed .

4. List  of scheduled tasks tha t  were s t a r t e d  l a t e .

5. List  of scheduled tasks tha t  were i n t e r r u p t e d  and

comp leted.

6. Percentages of total tasks in categories (a)

through (e).

7. Pe rcen t  of time only one t ask  was being done .

8. Percent of t ime two tasks were being done .

9. Percent  of t ime th ree  or more tasks were being done .

10. Pe rcen t  of t ime each opera tor  is busy .
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2.3.4.1 (Continued)

Percent of tasks started but not completed

Percent of tasks started late

Percent  of time operator  busy

Tasks interrupted and completed

Tasks not s t a r t ed

Task s imul tanei ty  s tatus

Tasks started late

Additionally, the FAM can output a detailed task timeline (much as is illus-

t ra ted in Figure 2.3— lO)as an input for the Workload Assessment Model.

2.3.4.2 Function Allocation Model Requirements Spec if ication

The overall objective of the Function Allocation Model (FAN) is to assist

the human factors engineer in identifying function allocations which are

4 promising candidates for detailed evaluation (e.g., workload analysis, crew

j station design). Achievement of this objective implies compliance with a

number of general and specific design requirements. The general FAN design

requiremen ts spec ifica tion included :

o The FAN shall produce data to assist selection of function allocation

candidates but leave final selection to professional judgment of the

human factors engineer.

o The FAN shall provide quantitative comparisons of allocation alterna-

tives on the basis of explicit criteria and provide traceability of all

assumptions.

o The input and output formats for the FAM shall be designed for ease of

use and interpretation by human factors engineers .

o The FAN shall be consistent with CAFES objectives and ahall be designed

for efficien t interface with all other CAFES submodels .

o The FAN shall provide flexibility and options for by—passing detailed or

complex portions of the model when such details are not required or

are no t warran ted for  a given analysis. This flexibility shall include

the specifica tion of model inp u t data .

a The FAN shall be constructed on a modular basis for efficient model

update or future modification, and also to faci l ita te opera t iona l

flexibili ty.
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2. 3 . 4 . 2  (Cont inued)

o The d et a i l e d  s t r u c t u r e  of t h e  FAM s h al l  be des ign ed f o r  growth po t e n t i a l

t o  accommodate  new ty p e s  ot  da t a  and p a r an e t r i c  r e l a t i o n s h ip s  as they

become a va i lab le .

D e t a i l  des ign  r e q u i r em en t s  s p e c i fi c a t i o n s  i n c l u d e d :

o The FA ’1 shall provide means for identif y ing functions or tasks and how

each is allocated to man and/or machine . Tasks shaH be identifiable

by name , symbol , and number (e.g. , d o -  im a l n um b e r  i n d en t  1 1 1 4 -  a - I - o r d  i ng  to  t h e

t : t o k ’ s p o s i t i o n  in a functional flow block diagram). Allocations for

each task shall be to one or more operators (20 maximum) , to combination

of man and machine , or to machines only. When a l l o c a t i o n s  are to more

than one operator/machine , the type of redundancy shall be defined ,

i.e., parallel or sequential redundancy . Combinations of redundanc ,’

types are also allowed. For example: two operators in parallel with

a machine back—up (sequentially redundant).

4 o P r o v i s i o n  shal l  be made to s p e c i f y  up to 20 diff ’~rent allocation versions ,

where each version is a comp lete list of a l l  mission tasks (together

with how each task is a l l o c a t e d) . The FAN s h a l l  be capable of full”
— specif ying all allocation versions from a user prepared input of one

comp lete ve r s ion  ( s t a n d a r d  ve r s ion)  and a s t a t e m e n t  of exceptions to the

standard for each additional version.

o The FAN shall provide for retrieval and display ot allocation versions

and for easy revision of allocation versions.

o Th e FAN shall determine how d i f f e r e n t  a l l o c a t i o n  v er s i o n s  a f f e c t

mission success by computing probab ilities ot m i s s i o n  sUt ~~-e~~s for each

al l o c a t i o n  vers ion .  Nissi ln success estimat e~- shall he dependent on

task performance which , in t u r n , ~h a l i  be dep end7 --nt on how t a sks  are

allocated to man and/or machines. Task performance data for operators

and e q u i p m e n t  s h a l l  he i n p u t  to FAN and these data combined to compute

f l i t ~ 7-1 i Ofl ~ Uo ’ C 1 i ~ -S pr obabil ities .

U ~pe r.-itor t - i - -ik performance data shall be in term s of nominal error rate

(or reliabilit y ), nominal task execution tim e , and a function describ—

ing how tack reliability ‘.‘ . i r i e~ with task execution time. I ’AN shall

accommodate and  i~ 1 1 i’e task perform—m e data vhi ch can v:lrv w i t h

~ 
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2. 1.4.2 (Continued)

ope ra t ional  s i t u a t i o n  ( e . g . ,  ai r c r a f t  c ru i se , ae r i a l  - omhat , t e r r a i n

fo l lowing e t c . ) .  -

o l-’AM sha l l  p rov ide  an o p t i o n  to e i t h e r  i n p u t  the t ask  r e l i a b i l i ty  versus

task time functions as a table of points (15 pairs maximum) or as

segments of second—degree po lynomia l s  (10 s e g m e n t s  max imum ) .

o FAN resu l t s  sha l l  be sensitive to assumptions in the r~i ss ion  scenario .

That is, mission success predictions shall depend on tht~ sequence of

mission tasks tha t reflec t assump tions on the type and timing of mission

events . This dependence on scenario can be imp lemented by allowing the

task sequence to impact tine available to perform the  tasks , which in

turn affects task performance characteristics (via task reliability—

versus—task time stress functions) .

o Provisions shall be made for storage , retrieval and disp lay of mission

scenar io  da ta  wh ich consist of (a)  l is t  of miss ion even t  names , (b)  event

t imes , (c)  mis s ion  task names , (d)  tine at  wh ic h  each task begins ,

(e) task performance time intervals and (f) operational situations under

which  each task is being pe r fo rmed  ( e . g . ,  a i r c r a f t  dive , evasive maneuver ,

e t c .) .  Prov is ion  sha l l  be made fo r  easy m o d i f i c a t i o n  of miss ion  scenar io

da t a .

o FAN shall make first order estimates of crew workload du r ing  a miss ion

for use in scaling nominal task execution times in order to reflect

variations within and between different mission scenarios . Derived

workl oad parameters shall include task difficul ty factors such as

precision , concentration , criticality , mission priority, and task

c o n t i n u i t y . Numer i ca l  r a t i n g s  shall  he assigned to these f a c t o r s  and

the values shall be dependent on operational situation. These workload

4 es t imates  shall  be u.sed to modif y task execution t ime , which then impacts

task pe r fo rmance  and t h e r e f o r e  a f f e c t s  mission success estimates.

o 1AM sha l l  assist in e v a l u a t i o n  of a l l o c a t i o n  a l t e r n a t i v e s  by develop ing

ope ra t i ona l  p rocedures  f o r  s p e c i f i e d  t ask  a l l o c a t i o n  vers ions . Procedure

data generated by FAN shall be sufficient to construct Operational

Sequence Diagrams (OSD ’ s) by manua l or computer methods. Outputs for

the OSD data and symbology information shal l be consis tent  wi th  s t andard

me thods .

e
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1. 3 . 4 .2  ( ( o u t  inued )

0 l i I p U t -S f o r o p e r a t i o n a l  p r t s - e c l c i r e - l  t ha t s h i l l  1) 7- t n - r - c H - d  b y t h e  FAN to

be consistent with 15cr def f i c ed  r u l e s  and coii~;t ra j u t s  ~ t i I - l i  ;is t ask

p r e r e q c i i s i t l s , t a sk  s i m u l t i t n i t t y ,  p r i o r i t  1 6 5 , ca r! icst start time s ,

latest s t a r t  t i m e s .  The FAN -illil l be dt.-si~~t ct - ’ I f I l l  ‘1St- of i n p u t  and

mod i I i c - a t  ion of these l r o I - c - d i r a l  t a t

2 . 1 . -I .  I Func t ion  A l i o c - Il t i O f l  Model Re l atio n ship t 1)  R u s t - l i n e  lIFE
Methodo logy

FAN use r e q u i r e s  d a t i  d e s c r i b e d  in the base l  inc met h i c c c l o l o g v  54 - c t I ( c f l  ‘ ron  I Ii-

soenar it.), f u n c t i o n a l  f l o w s  and iii t e r i ti t o  e q u i pment  c a n d i l a t  1 , , 41  ltit.l i

machine  r e l i a b i l i t y ,  task  rd i a b i l i t y  and  t a sk  t i m e .  I t  cats acc ept c u d  u-sc -

t h i s  d a t a  a t  d i f f e r e n t  l eve l s  of d e t a i l  or i n d e n t u r e , depend ing  on a n a l y s t

p r e f e r e n c e  and a v a i l a b i l i t y  of associated t i me and reliabilit y dat i . Most

d e s i r a b ly , t l i c -  v a s t  m a j o r i t y  of d a t a  wou ld  be in considerable detail , avail—

able in storage and r e t r i e v a b l e  f o r  r e a d y  dec is  i o n s  and model operations.

FAN p icks tip where the  b a s e l i n e  m e t h o d o l ’g ’1- h - ay es  o f f , extending the process

to provide comparative ~Ippr .iii-uals of alt ernat ive combinations of. equi pment.

Many user options exist , with th e simp lest being based on a cumulation of

task and equi pment reliabilities to produce an overall reliability estimate

f o r  each c o m b i n a t i o n .  O t h e r  o p t i o n s  i n c l u d e  s uch  v a r i a t i o n s’ as incorpora-

t i o n  of i t o -  c o n s t r a i n t s ;  a t i m e  s tr e s s  wei gh t i n g  f c i - t o r ;  and re li abi lit - .-

va r i a t i ons 14( 1 -o r d i o g  t : c -  ~-ri t 1 , : l I i t v  or t i m e  s t r e s s .  The e x t e n t  to w h i c h

d e ta i l e d  d a ta  r e q c c i r  ..- r n c - n t s ; i t . h t  hr necessary to exercise the opt ions i i~

illustrated by the l ch l e 2 .3— 6 Summa r o t  FAN I np u ts .

A c o n s i d e r a b le  r ull Iher ( 1  6-] c l i en t S  I i ,  t h e  i - A M  operat  ion could be b e t t e r  d i  m e d

for  the user  by e x t e n d  ing Lice b a se l i n e  process  dose r ibed to  a t o t a l  m i s s  ion ,

as described u n d c - r  ~d-t -~ d i s c u s ,  ot~ . This  e x t e n s i o n  s h o u l d  i n c l u d e  a p p l i c a t i o n

and c-v l i l t  11111 o :  i i i  4 11 111 L-1
~ l {t  IOflS . M I S - h  o t  the FIFE ci  o ct for any new

5’’St .S , c t , i t d  t h e n  he si 1~n i  I d c - lit l v  r I - ~ l I s - e , I  t i i r I - l l c l (  m i i x i r n c i m  util i / c t  ion of pr e—

c - X i v t  in~ 4 ro’ i l I, I r I l l e s  i,-l t l c , u l t  ito-i; and a p p i  i ;ct inn ‘rI1I t - l t l r O s .
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TABLE 2.  3—6 :  FAM rNI ’u l - s

(M I S S I O N  EVALUATOR) ( P ROCEDUR E ( ; l-:N1 - : RA1 oR )

1\vc -r a g e  t a s k  reliability Action mode

N;o -hii ne reliability Earliest start t ime

Mission objective Interruptab ility classification

M i u - , s i o n  s c ena r io  Latest start time

M i s s i o n  s ta r t  t i m e  Nomina l t a s k  e x e c ut i o n  t i m e

Mission stop t ime Number  of task  r e p e t i t i o n s

Mission time interval size Priority

Nomina l task execution time RNO— Function

Operator reliabi lit- -’ Rule constraints

Reliability data number Scenario event

Re l i a b i l i ty  cu rve  segment d a t a  Situation

Reliabilit y weighting coefficients Task name

~F-en ar i o  events  Task a l l o c a t i o n  ve r s ion

i -] i tua t ion Task c l a s s i f i c a t i o n

Sl ide  st e p t i m e  in t e rva l  Task event

S t r e s s  c o r r e c t i o n  f a c t o r  Task ID number

Task name Task load score

Task a l l o c a t i o n  vers ion  Task symbol

Task event Umbrel la  t asks

Task ID number

Task load score

Task s t a r t  t ime

Task t ime scaler

Time c ompression factor

I?

a. 1 2 M
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2 .  4 1 ( C o n t i nu e d )

Add i t  lo u - c  li ’ , FAN ret inemesits should be i ic -orporated to e n h a nc e  user i n t e r —
t I c - 

~‘ 
)
~ cc rat i I t o s  , l O U  hid ing input and output forrnt.~t t ing and interpretation .

In ; ie l r l j  I ion to h a t ;i d e s c -r  t h e d  unde r  DMS discussion , major data elements tIc . I

c c - u  h o  h0  5! e r t . -ll  for - ‘iN  u s e  inc l u d e:

I ask  - imc

‘F ,j~~k rol i d c i  l i t  v

h a c  I l l  Ic re ii tb ii i t

- aSk c r i t i c a l i t y  ra t iri d s

I ss tO n St 1 0 5 5  t I  ustment da t  1

.~ sk t inc c - t.lunpr . ;  ion do t i

4

4

-l

‘ft
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2. 3.5 Workload A s s e u - s n i cn t  Mode l (WA r~1)

2.3.5.1 Workload Assessment Model Concept

Basic requi rements  fo r  i n i t i a t i n g  work load  a p p r a isa l s  a re  that functions

b e alloca ted , t h a t  c a n d i d a te  equi pment concepts  and t ask  d e t a i l s  be

identified , and t h a t  de t a i l ed  t a s k  t i m e l in e s  and t i m e  c o n s t r a i n t s  be

known. Information is summarized in a de ta i l  task t i m e l i n e , which  may be

produced as a FAM o u t p u t , or from detailed development of all necessary

tasks to m e e t  the objectives of a mission or a mission segment including a

critical task series. Early evaluations may be desired to e s t ab l i sh  con—

figuration design or preliminary design concepts prior to starting develop—

t t iC flt  of a c rew station configuration. Iterative evaluations are desirable

— with the evolution of detai led hardware definition and development to con—

firm continued sui tability of crew workload with progressive design deci-

sions. Alternatively, the configuration may be fixed before it is determined

to be desirable to evaluate workload conditions .

The task timeline chart is the basic tool for initiat ing workload analyses.

4 I t  i l l u s t r a t e s  detailed task seq uencing and timing for one or more

operators  as f u n c t i o n  of mission elapsed t ime . While the timeline may be

produced by the FAM, they have been most typically produced manually to

result in formats such as the one shown in Figure 2.3—10 or the two types

shown in Figure 2.3—li.

On -t manual basis , the FIFE analyst can review the  task — timeline charts ,

ev a l u a t e  t a s k  elements for  possible  d if f icul ti cs , and examine proximal and

-i I I T ; u l t a f l e o U s  tasks to identify high workload or potential overload periods .

Ac cordingly , tasks or subsys tems c o n t r i b u t i n g  to such loads are r e a d i l y

4 i d e n t i f i a b l e .  Given  mission t ime c o n s t r a i n t s , e. g . ,  weapon de l ive ry , he

c - a l  r e a d i l y  de te rmine  whether it is feasible to complete all necessary

tasks in time , and can determ ine such f e a s i b i l i ty  fo r  b o t h  normal and

degraded modes . R e s u l t s  of such ana ly ses  can then  be used to m o d i f y one

or more of the following:

a. 130
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2.  1 . .l ( C o n t i n u e d )

o Crew s i z e

o M ;in— in ac h i i i i e  task allocation

o lncra—erew task allocation

o O p e r a t i o n a l  p r oc e d u t r cu s ( t a s k  sequence)

o Mission requirements

o Sy s t e m  cost goal

- 
‘ Through successive i t e r a t i o n  of possible t r a d e — o f f s , the human f a c t o r s

engineer can derive the  best  overal l  so lu t ion  to h i g h  task load or over-

load ing condi t ions . However , the workload anal ysis method may be

laborious , and a moderate number of anal ysis  i t e r a t i ons  may not be

feasible by manual methods. Under these conditions , computer augmentation

- - of workload anal ysis  can be of cons iderab le  a s s i s t a n c e .

In WAN t h e  overal l  workload eva lua t ion  p rocess  is s i m p l i f i e d  aui.i made less
- 4 judgmental following the processes outlined in Figures 2.3—12 and 2.3—13.

Input data can be constructed by the analyst in simple tabular format

- 
, 

which can be organized b y the computer  in a forma t s i m i l a r l y  to the l i s t ings

of Tables 2. 3— 7 and 2 .3—8 .

WAN may be applied for single or multip le crewmen. However , the workload

is analyzed  i n d e p e n d e n t l y  fo r  each crewman , and t h e  t a b u l a r  and g raphica l

• o u t p u t s  wi l l  be spec i f i ed  by crewmen. R e p o r t s  p rov ide  t a b u l a r  and g raph ica l

workload data for each crewman and eight channels of activity (reflecting

— Crewman , Ex te rna l  Vis ion , I n t e r n a l  Vis ion , L e f t  Hand , Rig h t  Hand , L e f t  Foot ,

Ri ght  Foot , Cogni t ive , A u d i t o r y  and V e r b a l ) .  Grap h ica l  r e p o r t s  c u r r e n t l y

avai lable  include:

1. Play back of the task t imeline in the form of an I bar chart (an

element that can also be produced by FAN f o r  WAN input data).

2. Workload time history (by channel and averages)

3. Workload barchart (with and without one sigma deviations reflecting

channel loading variations over t h e  course- of tlu e m i s s i o n ) .
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COMPUT ER ~IOED rUNCT IO N- A LLOCAT IOW EVALU A TIO N SY S IEN

BEGIN C AF ES .  C R E A T E  NEk  D A T A  O A N K /
BEGIN DATA BANK EC IT OR I CI. P11017
TASK. 5.1 M A IP ~T A I~ FLI Gh T CO NTRO L #

ALLOCATION L C~ TC Cti
SIT UATION S CL OS E AI R SU PPOR T/
CHANNEL S C u ~W~ 70 .  I IV~~3O . I IHaiQO. !  R Hx i O O . /  LF.1O. / RF* iG .

COG~~L0 . / AUO :0. / VERBaO. / END CHANN E L F
T A S K .  5.2 CHECK FLIGHT INST RUMENTS ~

A L L O C A T I O N  LC C,1C CU
SITUATI O N : CLOSE A I R  SOPPORT/
CHANNEL : Cu E V u O .  / IV :100./ 11-4:0. / RN~~O . / LF :0. / RF.0.

COG o 3O . .‘ Aii O~~~0 .  / V ER B . O .  / (NO CHA NNEL/
TAS K S 5.2.1 CHECK F L I G H T  IN STRUKE NT S/

A L I C C A T I O N L C C I C =  Cl!
SITUATION : CLOSE A I R  SUPPORT !
CH A N N E L :  Cl.’ E V ~~10. / IV :90. / 114 =25. / R1z70. / LF :25 . / RF~~25. /

C00 30. / Au1:Q . / ~~I~O:0 / END C HA N N E L /
T A S K .  5.2 .2 -CH ECK ~L IGI 1t INSTRU M ENTS !

A L L O C A T I C H  ICO IC :  Cl !

S T U A T I C ’~ C L O S E  A IR  S II PPORT/
C HANNEL S C u E1 10. I IV:90. / 111:100., h~H .lQ0./ 1F 20. / RFz~ 0. I

C V G ,O.  F A U D r O .  / VER B xO. I EN D CHANN EL/
T A S K :  5 ,2 .3  C H ECK FLIGHT INST PUM E NTS/

A L L O C A T I O N  LC~~IC. (Cj /
S ITu~t T ION~ C L O SE  A I R  SuPPORT ,’
CH A N NEL : Cl! iV ~~3O. / IV ~~7O. / 111:80. ,‘ RH :lOO./ LF .20 . / RF~ 20. /

CO G~~5O. / At J D~~Q .  / VE RB :0 .  / END C HA N N E L/
T A S K . 5 . ? . l. CHE CK F L I G H T  IN T PU M E N T S ,

4 A L L O C A T 1 O H L C , I C  C L . ’
SIT (J A T I O ’~ C L O S E  A I R  S U P P U R T /
C H A N N E L  Cl. ’ i~~~~~~ 2 O ,  / IV~ A G. / IN: 1 0 0 . F  1 . !  LF :1 O .  / R Fz I O .

C O C ~~3 O .  / A UO C .  / V E R B : Q .  / (‘4 0 C HA NN EL /

TASK . 5.2.’ CHECK F L I G H T  I ’4 S T RU M € N T S f
A L L O C A TI O N  i : .  !C~~ C I !
S I T U A T I O N ~ CL )SI A I R  S UP PO R I /

CH~~NI-IE L~ ci , Ev~ b0. / xv ~~~o . / 111=100. ! Rr*~~l 0 O . /  L Fae O. / RF zSO. /
COC , =’.O .  / A I J O I O .  F VERI3 :O . / (‘-40 C H A N N E L !

tASK . 5.2. i C H E C K  F L  !-ai t I~~J RJ’-i E NT S /
• I A L L O C A T I O N  L ( Il- ~ C j /

si T U A T  xo ~~ C LJS E s I~ S uPPO~~T /
C H 4 P w I - E L ~ C u  ~~~~~~~~ / i~~~~ iU .  I L H : o O .  / R14 70 .  / L~~~ 2O. / RF .20. /

~~~~~~~~~ .‘ A t ; ) -  • / v t i~6.O. ~ ~N’) C HANNEL .’
T A S K .  5 . 2 . 7  -~~H~~C ’  F L ~~GI1 T 1’ c - T ~~ J Hi fi T S/

A~~l CC ~ ‘ T O M  L O , I C ~ C 1/
S I rJ ~~T~~1~NI C EJOC A ! R  -JPi-~~)P~~/
C’-4I °I.L~ C~~i ~~ ‘- ~D .  / T V ~~€ c C ,  / L H . 5 0.  .‘ RN L Q O . /  L F .5O.  / RF. ,0 .

C C O _ -.C. / A U O = O .  / VER9:0. / E’4 rI C H A N N E L!

T A S K .  5.~’ . 3  CHc 1g( F L I . c-I T I’.ST t ~ JM L N T S /

4 A L L O C A T I O N  LOT.  :c ’- C L . ’
S I T U A r  I~~N~ Cc l O t  A I ~~ ~, )°PORT/CH A t E L ~ Ci! t V n 3 O .  / i~’~~70. / L Nu t.0, ~ k~4 6 O .  / I F a L O .  / RF .j O .  /

C 5 ~. — ~~C .  / . L - ) 1 O .  / VE~~~ 5~~~0.  / END CHA N N E L!

T A S K S  5. • E~~~ ‘
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(STA RT. I.! EO URA T IO M.  3 J /

(VENT. 2/ (TASK. 5.2.1 I (SITUATIONS CLOSE AIR SUPPORT !
(STARt . 3./ (DURATIO N . 3.01

EV ENT . 3/ (TASk . 5.3.1 / (SITUATION . CLOSE AIR SUPPORT!
(START . 6.! [DURAT ION . 2.0!

EVE NT . 4! (TASK . 5.4.1 / (SITUATION S CLOSE A IR SUPPORT !
(START. S.! £OURA T ICN * 1.5!

EVENT . 5! (TASKs 5.5 / (SITUATION . CLOSE AIR SUPPORT!
(START . 18..’ (DURATION - 2.1/

(VE NT. 6/ [TASK . 8.2.1 / ES ITUAT ION . CLOSE AI R SUPPORT !
( S T A R T .  17.! (O IIRA TION s 1.5/

(V ENT. 7! (TASK . 8.2.1 / (SITUATION . CLOSE AIR SUPPORT!
(START . t9.~ (OURAT IC NS 1.5/

EVENT— 8/ [TASK . 8.2.3 / (SITUATION . CLOSE AIR SUPPO*T/
(ST ART . 21./ ED U RATIC N a 2.5!

(VENT. 9/ (TASK . 8.2.4 f (SITUATION . CLOSE AIR SUPPORT!
(START . 25.! LOURAT ION . 6.0/

EVE NT . 10/ (TASK— 8.2.5 I (SITUAT ION . CLOSE AIR SUPPORT !
(START S 32.! EOURATI CN .12.0l —

(VENT . il l (TASK s 8.2.4 I (SITUATION . CLOSE AIR SUPPORT!
(STA RT. 44.! IOURA TICNz 4.C/

EVENT . 12/ ( T A S K .  8 .2 . 5  / ( S I T U A T I O N .  CLOSE AIR SUPPORT!
(START. 48.! EOU RA T I0N .~ 4•Q/

(VENT. 131 (TASK . 8.2.4 I [SITUAT IO N.  CLOS E AIR SUPPORT!
(STA RT. 53.!  EDURAT ICH . 6.0/

(VE NTs 14! [TA 5K ~ 8.2.5 / (SITUAT ION . CLOSE AIR SUPPORT !
(START . 59.! £O U RATI C N 2 ,0/  -(V ENT. 15/ (TASK . 8.2.6 / [SITUATION. CLOSE AIR SUPPORT !
(STARTs 63.! EOURA TICN .lO .0!

EVE NT . 16! (TASK . 8.2,4 / (SITUATION . CLOSE AIR SUPPORT. ’
[START. 74.! (DURAT ION . 3.0/

EV ENT . 17/ (TASK . 8.2.5 / E S ITUA TIO N ~ CLOSE AIR SUPPORT!
(START. 77.! EQURAT ICN . 1.0/

EVENT— 181 E TAS K = 8.2.~ / (S ITuA T ION s CLOSE A I R  SUPPORT !
(START. 82.! (DURATION . 6.0!

EVENT . 19/ (TASK . 8.2.5 / E SITUAT ION . CLOSE A I R  SUPPORT!
(START. 68.! EOURA TI CN . 3.0/

EVENT . 20/ (TASK . 8.2.4 / [SITUATION . CLOSE AIR SUPPORT /
(ST ART. 91./ (DURATION . 3.0!

EVENT . 21! ETA S K ~ 8.2.5 / E S ITUATIO N ’ CLOSE A IR SUPPORT!
— (START . 94.! EDUR AT ION a C . 0 /

EVE NT— 22/ ET A S K ~ 5.2 I ESITUA TI OP ’  CLOSE A IR SUPPORT!
(START .tOO .! ED UWATI C H. 3.0!

(VENT . 23/ [TASK . 5.4 / E SIIUAT ION . CLOSE AI R SUPPORT/
ESTART .103 ./ ( D URAT ION .  1. 0 /

(VENT . 24/ (TASK . 5.5 / E S ITUA TIO N . CLOSE AIR SUPPORT !
(START.i0h ,./ (D UR AT ION— 1.5/

(VENT. 25/ ( T A S K.  8 . 4. 1  / ES ITUAT ION . CLOSE AI R SUPPORT!
ESTA RT .t06. / EOU RA T ICN : 2 . C/

(VENT. 26/ ET ASK= 8.2.3 / (S ITUATIO N . CLOS E At ~ SUPPORT!
E$ TART .1O6. / ( D U R A T I O N .  2.5/

(VENT . 27! (TASK . 8.2 ,3  F (SITUATION. CLOSE AIR SUPPORT!
(ST ART.Ij j ./ EQUR AT ICH . 1.5/

4 (VENT . 28/ [TASK . 8.2.3 / E SITLI AT ION . CLOSE AI R SUPPORT !
ESTAR T .113 .I EOUR A TI CN . 1.5! -

(VENT . 29! [TA SK. 8.5.1, / (SITUATION . CLOSE AIR SUPPORT !
(START .115 ./ (D URATION . 4.0/

iA ;LE 2 . 3 - 7 :  WAN 1-V 1- NT LIST
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2 .3. .1 ( C o n t in u e d )

l i m e 1 inc plots (liguro 2.3—10) can be produced by WAN to s u mm a r i z e  tabular

i n p u t s . Plots are a chart of t a s k s  on the o r d in a t  v and t i m e  a long  t h e

absc ssa. l a s k  e X e C U t IO n  is depic ted by a bar o p p o s i t e  the t a s k  and in

LI IC  t i n e  r i m e p e r f o r m e d

The W ork load  B ar ch a r t  and B ar c h a r t  Plus One Sigma v a r i at i o n  p lo t  p rov ides

- t gr ipit [cal  r e pr e s e n t a t i o n  of t h e  st a t i s t i c a l  a n a l y s i s  pe r fo rmed  on channel

L L L i v i L y .  i h c -  ba rs r e p r e s en t  a ver a g e  a c t i v i t y  channe l and c o l l e c t i v e

a vt - t o ~-~ -s of v i s u al , m o t o r , communic a t i o n  and o v e r a l l  a c t i v i t y .  Th i s

re s - n t~~~t ion  c a n  be used for  q u i c k  overv iews  of work load  comparisons

hct~~een crew :w-r ibc r s , be tween  channe ls , b cLw e e n miss ion  p h a s e s/ s i t u a tio n s ,

or c~ -Lw e e! )  d i f f e r e n t  c a n d i d a t e s  f o r  1 u n c t i o n  a l l oca t i on , sys tem des ign , and

cperat ing p r o c e d u r e s .

The o~ er tt er work load  ve r sus  t ine is a g r a p h i c a l  r e p r e s e n t a t i o n  w i t h  l ines

c on flI ct iilg to work load  Ler ~- 1 a t  a midpoi n t  ~i f  i t s  t ime segment .  This

t~rap I t i - i 1 t O ~1rL- sC)fltat i on  p r o v i d e s  the i n s t a n t a n e o u s  1 c -vo l  t ip to a max imum

of l6O~~. in d iv i d u a l c h a n n el  a ct i v i t  I c s  ( i n t e r n a l  v i sio n , ex t e r n a l v i s i o n ,

l e f t  hand , e t c .)  a re d e p i c t e d , as well  ac g roup  and t o t a l  ave rages .  The

p r o d u c t i o n  of the grap h ic a l  o u t p u t  p rov ide s  a r e a d i  I u n d e r s t a n d a b l e  means

of i d e n t i fy  i o~ p o t e n t i a l  p r o b l em  a re a s  and t i n  means  te convey these

concerns  Lu ~‘ t i r t i ~~- -- c o n c e r n I :j y i t  I i  the  s e l ect i on  ~~ the  des i red  c o n f i gura—

t ion  and d c - s i c n .

Task s h i f L i n ~ ~or less c r i th a l  ta sks  is an HFE a n a l y s t  option. Provisions

are made in t h e  W o r k l o a d  Asse ssm ent  Model o p e r a t i o n s  to a u t o m a t i c a l l y

rea r range  the  t ines  w h i c h  sp~~~l 1 ied  t a sks  i d e n t l u i e d  as not  t ime c r i t i c a l

may be executed . A s h i f t i n g ~ f e a t u r e  a t t e m p t s  to move the large t ime

n o n — c r i t i c a l  a c t i v i t i e s  out  of an overloaded time segment by shifting to

l a t e r  L i r c - cr n& n L s  or e d C i  i cr  t ime  s e g m & a i t s .  t ic -  Lask or tasks w i l l  be

s h i f te d  i f  ov r l -
~ od’~ing ot  o t I t e r  t ime segments  w i l l  o c c u r .  The amount  of

d -
~ r t’va - ~ron the  nominal st a r t  t i m e  is w i t h i n  preassigned l i m i t s  in

which sr i  i f t  i t i c  I t i n  OC i t  . N o ab i t t  o c c u r s  when the  r e a l i g n m e n t  of tasks

fo rces  - i  M e - ;  L i nto si Wnent i n to  an o v e r l o . - t d s i t  r a t  ion . Those segments
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2 . 3 .5 . 1  ( C o n t i n ue d)

that  can be sh it  ted s u c c e ssf u l l y  are i d e n t i f i e d  b y an a s t e r i sk  (*) along

side to time segment containing the  shifted task. The operator can

spec i fy  wh ether  s h i f t i n g  will occur only to an earlier time , by using a

minus  va lue , or to be s h i f t e d  to a la ter  period , w i t h  a pos i t ive  s tep

value , or to e it h e r . In the event a shifted task is unacceptable to the

ana lys t , i t  is onl y necessary to re run  the Workload Assessment Model with

controls which preclude the selection of an undesirable time period for a

specified task.

WAN o u t p u t s  i n c l u d e :

I. Crew workload level versus mission time

~~. Task a c t i v i t y

3. Subsystem activity

~.. Mission scenar io  or segment summaries

~.3.5.2 Workload Assessment Model Requirements Specification

4 The overall objective of the WAN is to assist  the human f a c t o r s  engineer

in analyzing operator wotkload imposed on each crew member assigned to

operate a system . This  analysis , as pointed out earlier , can entail a

number of subtle factors. It is a general requirement on WAN to facilitate
p 

the analysis of any or all these factors — at t h e option of the WAN user .

Additional general requirements are listed below . These are followed by a

l ist  of s p e c i f i c  desi gn r e q u i r e m e n t s .

o The Workload Assessment Model shall compute operator workload data

according to criteria established b,y the model user and final

evaluation of alternative system/operational concepts shall be made

by the human factors engineer .

• o The i npu t  and o u t p u t  f o rma t s  for  the Workload Assessmen t Model shall

be desi gned fo r  ease of use and interpretation by human factors

engineers.

- - o The Workload A ssessment  Model shall  be cons is ten t  wi th  CAFES

objectives and sha l l  be designed fo r  e f f i c i e n t  i n t e r f a c e  wi th  all

other CAFES submodels .
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I . E~. i  ( C o n t i n u e d )

e - I I  kload Assessment Model sh ì a l l  p r o v i d e  I l e x i b i l i t y  and opt ions

I 11 v -p a s s i n g  detailed or c o m p l e x  p o r t i o n s  01  the  model  when such

dI - t : t j I s  i r e  no t  r equ i r ed  or are not w a r r a n t e d  fo r  a g iven  a n a ly s i s .

l i i i - ;  I 1 ~ -ti b II [ L v  sli a l I include the s p e c i f i c a t i o n  o model input d at a .

o fl~~ ~~~~~~~~~ l i d  A s s es s i r t en t  Model  s h a l l  he constructed on a modul ar basis

fec elf ic tent model update or f u t u r e  mcd i f i c ;t t t i o n  and also t o

i t t  i i i  t a t C  o p e r a t i o n a l  f l e x i b i l i t y .

a T h e  L - t a i  l c d  s t r u c t u r e  of t h e  W o r k l o a d  A r-r -,e ssnent  Model shal  1 be

d es i - i r -d ar  g rowth  p o t e n t  i t i  I to  a c c o m m o d a t e  n ew t y p e s  of d a ta  and

- — 
p a r  err t r e l at  ionships  as th ey become ava I lab le .

~1~- c i 1  ic  r e q u i r em e n t s  on W o r k l o a d  Assessment Model desi gn , in a d d i t i on

t I  Ltte ~ e t~~-ae i -al  r e q u i  rements , a re  l i s t ed  below :

C T h e -. r k l o l d  Assessment  Model shall  provide  means f o r  s t a t i s t i c-a l

u ; t i l r t r ion b y o p e r a t o r  channe l  (eyes , hands , f eet , e t c . ) .

o i t i c  Ir kIua d Assessment  Model shall  compu t e  averages  and s t a n d a r d

l e v i aL i o n s  f o r  o p e r a t o r  workload v a r i a t i o n s  d u r i n g  a s p e c i f i c  miss ion

l i t t e e .  ~-h i s s i o n  p hases  are segmented i n t o  equal  t i m e  i n c r e m e n ts  and

t k ~- W I t  ~ 1oad per channel in each t ime  segmen t is defined for each

- C - c  ;:rerihcr ia t e r m s  of  p e r c e n t  t ime t h e  c h a n n el  is a c t iv e .

0 t i l I O e  w or k  load i nput s  a h r ~ ll IC computed  au t o m a t ical  ly , u s i n g  dat a

r r i r t er s  c u m i n  LO the  i-on e t ion A l  b ea t  i c r  N u r b c - l when ever  possible ,

r : I L s s i ofl s c ena r io , t a sk  e x e c u t ion t i m e-i , m is s i o n  t i m e  segm en ts ,

c rew 5 i C c ; , and il erd~~Or a l l o c a t i o n  ( F i g u r e  A--23 )

o [he -. . - r k ioad  \ e - e- ssment  ~h od~- i  shal l  pr t ~vl Ie s e ns it k ’ i t v  to ope ra t i ona l

F e s i t u a~ b r  and a u t o m a t  i c ; i l l v  i d e n t i f r  - r i d  t a b u l a t c -  c r i t i c a l  work loa d

~~~ ~~~~~ I~~h’n w or I - J o a d  e; -~ cods  i r i t i c o l  W c I r k l - c i d  t h r e s h o l d

o I i ~~I : k l  1 c;sc~s.e-1eI t ~-~ode I ~h r ; i l l  t ab u l a t e  and p l o t  ( i n  h i s t o g r a m

1 m m  t ac -  r o i 1~~ - in g i n i O n r O t  t I l l  or eac h  c r i t t c i t wo r l i o u d  p er i o d :

- .~3iI l - ~ci~~~y s t -rr ~ i r e  u t i l i - - - l  d u r i n g  & -t l I h e r i t i c a l  pe r iod .

1 1 -  t ~ jt - - p i i r ~~d -

~r j i f l t  l i  Line each subs st  em is  used d u r i n g  each  en t i ca l

u- I

— 1 t o

- - - 
~~ 
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2 . 3 . 5 .2  ( C o n t i n ue d )

— Which  t a s k s  a r e  b e i n g  eX e( U t ed  d u r i n g  each critical period .

(P lo t  not r e q u i r e d .)

— Percent of time during each c r i t i c a l  per iod  t h a t  each task  is

tic t ive .

— Da ta  i t ems , above , fo r  t h e  sum of al l  c r i t i c a l  i t e m  p e r i o d s .

o Channel  breakdown in Workload Assessment Model shall  i n c lu d e :
— Exte rna l  vision

— In te rna l  v i sion

— R igh t  hand

— L e f t  hand

— Right foot

— L e f t  f o o t

— Cognition

- 
- 

— Aud i to ry

— Verba l

Surnm ary da ta  shall  be computed  f o r  the fo l l owing  ca tegor ies :

— Total  v is ion

— Total motor

— Total  c o m m u n i c a t i o n s

2.3 . 5.3 WAN App l i c a t i o n  and Data

Data used fo r  examples and i l l u s t r a t i o n s  in subsequen t  discussion reflects

the resu l t s  f r o m  app l i ca t ion  of WAN during this study for the mission

scenar io  descr ibed  ea r l i e r  in th i s  repor t , manua l f u n c t i o n s — a l l oc a t i o n s

as sumpt ions, and manual development  of task  t i m e — s e q u e n c i n g  d a t a .  The

model was appl ied in  p r e l i m i n a r y  eva lua t i on  of ea r ly  c o n c e p t s .

1 4

The p r o c e d u r e  fo r  p repar ing  data fo r  Workload Assessment  Mode l  is as

fo l lows  ( F i g u r e  4 — 2 ) :

1. U t i l i z i n g  p e r f o r m a n c e  manua ls  and s t a n d a r d  o p e r a t i n g  procedures , a

mission p r o f i l e  and scenar io  is prepared  in w h i c h  t ime , event , d i s t a n c e ,

altitude and speed an -  sequenced over t he  entire mission .
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2
_ i . .  I ( P o n t  l imed)

2 .  A i i i  ss inn t i ~~ise c h a n t  is constru cted ,~ d ivid lug the mission into

p h ases i i  w h i c h  t [tr ies i o r  c-~~- l i  phase  a re  a s s i g n e d  on the basis of

r l l e r t i t  j onj i  - -;pc -r icnce and r-s t ins t es f r o m  s i m u l a t i o n  s t u d i e s .

3. Task d e t  i n i t i o n  and L i m e  0 110 it l on  i n v o l ve s  t h e  a s s i g n m e n t  of t a s k

u n it e s  to  t ire pro l  - t I r l r c - r ;  or e v r - n t s  id e nt  i f  led i n  t lie p r ev io u s  s t e p ,

is i- it I I a r-; to the  e l i -m e n t s  of t a s k  ana l yses  w h e re  a v a i l a b l e  -

4 .  O n tile ba~ is  o f the task  dc - f in  L i o n / t i m e  da ta , a miss ion  p hase t u r i c—

l i n e  an a ly s i s  is p r e p ar e d , d i v i d i n g  t h e  m i s s i o n  p i r a s t -  i n to  six s e r - o n d

- 0 5 T 1 c - l i 1  s ~or any other time period desi red) and showing w h i c h  t a s ks

ir e eue j l  l o v e d  in eacht s eg r u r e n t  -

5 .  c t - S i i,  tlic dc - t e r m i n a L jon of c h a n n e l  u t i l i z a t i o n  L i m e s  o ve r  t h e

m i s s  i err . A t y p  i c a l  c h a n n e l  [mc bud get shi c -c- t l i s t s  the  modal  i t~~

c i t a t i n e l u t  (v i sua l , m o t o r / m a n u a l , c o g n i t i v e , a u d i t o r y , v e r h r a l ) ,  t ype  of

t a sk , ar id  t h e  nu mber of the  d e s i g n a t e d  task . The numbers  con t a ined

in Cue ol i d l i t y  co lumns  r e p r e s e n t  “channe l  u t i l i z a t  ion ” t imes , or

t h e  t in c  ill se c o n d s  that a p a r t i c u l a r  c h a n n e l  is used d u r i n g  one

miss ion L i t r e  s e g m e n t .  T h i s  I n c l u d e s  t i le  manua l  da ta  p r e p a r a t i o n

and c h a n n e l  u t  i i  i z s tion  d a t i a re  th en k ey p u n c h e d  fo r  e x e c u t i o n  of

the  W o r k l o a d  A sse s s m e n t  Mui c’ 1

Ap p l i e  i t  b i t  o f  WAI is hii~ c-d Ofl  rrrn p lr lug t l i t re  r e q u i r e d  t a per form a tas k

se q l r t - a c w i t ; . t liti c r v i i  I t i t l e  f o r  p e r :  Irmance to - s t a b l i s h  a r a t i o  r e f l e c t -

ing excess  o r  u - c I t  I V t  t (L i e  t o  i i - ;  r f  or m  . r i  i s  c o m p a r i s o n  is rs o l i -  f o r  all

crew i nt c  n i ce  c h i a n r i e i t-i , I . e . , e v c - s  , r i g h t  h a n d  , i t  t h and  , r i g h t  f oo t

l e t  t t o o t , a u d i t or y , v e r ba l  i r i d  c:ogn it i o n .  d i e r i  ~~- d i  receives the channel

w o rk l o a d  d i t - i  r or - - - i - h t i m e SI. - m i - l i t  i t p ro - - I - I l - ;  t o  c o mp u t e  t h e  c h a n n e l

r i t i l i t - i t  t I l l  I S  t o r - - r s  o f  - r c - r t ~ r i t h t r r  t itan in t i m e  u n i t s  (s t e .). For

1 1 1 5t O I I P , i t  c t i hl  o i - p m t - u i t i s  6 Se ends , t he t e r m u l i  i s :

- h i s s  u t  i i  [e t i t ion  5 ) f l l s )  -p I r u c l i  i t i i ~~~~i t I I  - - - 
~ 100

6 s c - c o n r l s

~t e - L , t~ - t ~ h C(tP.pO I ,~~~~ ~~ I iCes , si a r o l a i d  d t - v l ~~t i o n s , a l l1  v u l r i l r l -es  b r

- I r ; i n r t e l  i. kL,tds -is V i t  v a r y  ovc- l- I i  t i f l -  V i t t  se - m i , - i t 1 ~~ in ear - h r dcl m e d

1- r i
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2 .3 . 5 . 3  ( C o n t i n u e d )

u n --i s ion phase , For example , in  - i m i s s i on  p hase  such as t a r g et  a c q u i s i t i o n

last ing , say , five minut es , l i e  n u m b e r  of se~~r n & n t s  ~~~~~~~~~~~~~~~ 
= 50 segments

and therefore 50 vs1 nti s of pe rcen t  work load  wou ld  be input to the computa-

tion of avc -r ages , etc - . Thi s  c o n r p i l t i l t i o n  is r epea t ed  fo r  ea - hi  c hanne l  , each

operator , and each d e f i n e d  miss  ion phase .

Output in the WAM program consists of both t abu l a r  and p l o t t e d  s t a t i s t i c a l

summaries . For each crewman , a t a b l e  i s  produced  sh o w i n g  work load  per

channel per segme n t .  Workload f i g u r e s  are expressed as percentages ,

f i g u r es over  1002 indicatIng the exist once of am over load c o n d i t i o n , whi le

figures over 752 are taken as potentially degrading to performance.

Computer p lots ut  i l ir i n :4  t h e  b i r g r a p h  an d  h i s t  l g r a m  t e c h n i q u e s  ar c -  avai l -

able to the  human f a c t o r s  eng ineer to compare workload per channel  be tween

types configurations and f u n c t i o n  a l l oca t i ons .  Hi s tog ram plots depict the

percentage  of workloading  over the various mission phases. Examples of

th ese plots follow , and are also in the Use r ’s Guides  (R e f e r e n c e s  24 , 26 ,

and 28).

I
As i n d i cat e d  ea r l i e r  WAM outputs include

1. Crew workload versus  miss ion t ime

2 • Task a c t i v i t y

I . S c i h s v st e m  a c t i v i ty

4. Mission scenario or segment summaries

The first two reports provide workload data f o r  cac Ir c rewman and all
• e i g h t c h a n n e l s  of a c t i v i ty . R e p r e s e n t a t i vi -  t abu l a r , b a r c h i a r t  and grap hic

out p u t s  a re  shown in F igu res  2 .3—14 t h roug h 2 .  3— t~~ . These o u t p u t s  pe rmit

workload evaluatior by the analyst for such questions as mission phase

loadi n g, relative channel loading and potential overloads . Workload time

h i s t o r y  graphs (Figurc-s 2 .3—18 t h r o u g h 2 .3—10 ) iden iil y specific mission

t ime I r ; i m r c - s  w h e r e  actual or I t  c l t t i~~l o v e r l o a d s  e x Is t  . Undesirable loading

Ii,
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162/ 160 .0 S i . ? .0 91.7  .0 .0 27.5 .5  .0 91. 7 22.9 .0 30.1
160’ 178 .0 100. 0 • 0 53 . 3 .0 • S 81.7 .5 .0 100.5 20.0 .0 32.1
174/ 105 . 0  91.? 16.7  25. 0 .0 .0 59 .2  .0 .0 91.7 10.6 .0 27.3
1 0 0/  1 5 6  4 1 .?  50 . 3 155. 5 53. 3 54 .2 58.2 60 .0  .0 .0 100 .0 72.9 .0 58.5
1 56/ 192 11.? 7 5 .0  33 .3  33.3  20 .5  25 .0  35 .3 .0 .0 90 .7  27.1  .0 33.6
192/ 195 .0  • 0 .0  5I.~ .5 .0 25 .0  33. 3 50 .0 .1 12.5 41.7 22,6
190/ 2 08  1 3 . 3  53. 3 13. 3 .0  .0 .5 55.7 .0 .0 66.7 3.3 .5 21.0
208/ 210 20.! II.! 25 .0  .5  .0 .0 190 .0 .0 .0 150.0 3.0 .0 31.6
210/ 216 6. ? 9 3 . 3  73 .3  .0 .5 .0 70 .0  .0 .0 105.5 10.3 .5 38,S
216/ 222 6.7 60. 3 75 .0  33. 3 6.7 6.7 25 .6  .0 .0 75.0 30 .8 .0 31.0

4 222/  22 0  20 .5  05. C 100 .6  100 .0 20.0 2 9 . 5  20 .0  .0 .0 100.0 60.0 .0 51.4
220/  234 10.5 55. 0 105.0 105.0 2 5 . 0  20 .5  30 .5  .5 .0 105.0 60 .0 .0 52.5
234/ 24 0 6. 7 93. 3 93. 3 73. 3 25.0 20.0 64. ? .5 .0 105.0 51.7 .0 53.3
289/ 24 6 61.7 05 .7  120.0 0,0. ,  23.3  23 .3  36. ? .0 .0 133. 3 66. 7 .0 69.2
265/ 252  60 .5  23 . 3 33. 1 13. 3 33.3 3 3 . 3  75 .0  .0  .0 S3 .3  20 .3 - - .0 30.1
252/ 2 5 0  90. 0 15. 5 56.? .6.? 36.7 36.7 73•3  .5 .0 151.1 64.7 .0 51.4
250/ 258 51.7 83. 3 105.0 150 .0 10.5 10.0 26.? .0 .0 111.1 56.0 .0 49.3

FIGURE 2 . 3-14 ;  CRE WMAN WORKLOAD REPORT
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CHANNEL 5 ) 53  S OU A NED 10*3 V A R I A N C E  O L V I A T I O N

1 1 9 0 3 . 3 3  10 2 7 4 1 ; ,  10 , 6 0  ~ 3S . . 9 0  23 . 260
2 5 1 50 . 5 ,  3 0 5 5 3 3 . 3  .9 . 3 3  0 2 4 5 . 0 7 2  3 5 . 3 3 6
3 4 4 3 4 . 1 7  3 1 4 4 3 8 . 5  8 7. 8 2 1391 .5 -55  3 7 . 6 5 2

- - 
3 6 3 6 . 75 ‘ 0 1 7 1 !. ?  35 . 2 5  15 3 2 . 6 0 1  3 2 . 8 4 0  - I

3 1 1 5 6 . 2 5  8 4 2 9 0 .5 11 .01 352 .658 17 . 3 9 7
S 1 1 ) 4 . 2 5  6 , 2 5 6 . 5  1 1 . 0 1  3 0 2 . 6 5 8  17.197
7 4 1 3 0 . 75 2 1 5 8 9 3 . 3  3 9 . 8 2  5 0 5 . 3 0 1  2 2 .8 5 1
5 1150 .00 5 6 2 5 5 . 1  1 0 . 4 0  • J 0 . 0 6 I  2 0 . 7 3 0
3 1 0 1 6 . 6 1  5 1 6 1 1 . 1  - 6 . 6 0  8 2 0 . 5 3 6  20 .914

“ i i  ‘1 3 3 . 35  6 . 16 6 6 . 7 6 7 . 9 w  5 5 1 . . 1 2 4  3 0 . 5 6 5
1’ 2 5 1 6 . 3 3  1 I 1 7 31 .~ 2 8 .9 2  . 7 0 . 2 . 0  2 0 .6 9 6
i i  1 6 0 5 . 3 3  5 8 , 5 . 3  1 0 . 0 5  J0 ~~. 7 5 0  11 , 4 6 6
1~ 5~~S7 . 7~ l i iS b S  3 2 . 8 3  2 6 1 . 6 2 3  0 6 . 1 5 9
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FIGUR E 2 . 3 — 2 1 :  RIGHT HAND WORKLOAD TIME HISTORY
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FIGURE 2 .3-24:  AUDITORY WORKLOAD TIME HISTORY
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COCII 18NTI INTEOC(PI CROW R0T90(R~ P I L OT

- ~~~ .I4’(~~ — - — - - ——

FIC,IJRE ..3—3O: WEIGHTS) TOTAL AVERAGE TIME HISTORY

4

- T435ICN AIN(L A C T I V I t Y  V€RSI O I ~~ST *N3ANO
C~~ w~ 40 I PILOT TO NE lITTORAL . 070 TO 5*0 IN~~ IN3L0 SIPEOCENT

1650 10 T1190 PCI? T INE PC NV TINE ‘CIT TI NE ‘Cur TINE ‘CuT
I lOT V ISION INC +ISION 01064? 49*640 LEFT 4*90 NIGHT FOO TI •.o CHI CO YNSIA! • 64*90 UT .1 S l.a 17 .6 I .6 I .1 I
I 4.10. 1 SLL(CT ~ I0TN~ .9 S 2.9 33 3 .9 33 .9 I .6 5
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LErf  403 1 COGNIT IVE IIJOITORO V0 *L
6.6 0641CR 054*161 • 116 114 SOT .9 I .2  3 .9 S .0 S
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5.85.1 SEL ECT STOlE S - .5 I .3 0 .5 I .5 5
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*4. 00 11 0 00.14 0 .110 •*•. 00 .110 *4 *0 0*0
• 0

• MI SSION SCE NARIO R E PO RT •
• .

11ss sOds.  ... 5 0 0 5  0* 4110 *0 05 *55

TI ME IN T (RV *L (SECI TOTAL - M IS SIO N EVE N T NAME
SINC E M I S S I O N  S T A R T  A C T I V I T Y  TASK NAME
BEGINNING ENO TINE SIT UATION NAME

.00 3. 01 3.00 8.1.1 ORB IT A I RC RAFT
CLOSEA IRSU PPO RT

3.00 6.00 3.00 5.2.1 CHECK FLIG II T INSTRU ME NTS
CL O S EA IRSUPP3RT

6. 10 0 .00 2 . 3 0  5.3.1 CHECK ENGINE INS IRUNE N I’S
CLOS EA IRSU PPORT

8.0 6 9 .50 1.50 5. 4. .L CHECK I’HRE *T 4 WA RN SET
CL DS EAI RSU PPOR T

10.11 12.00 2.00 5.5 CHEC K FUE L. SJPPLV
CLO SEA IRSUPP3RT

17.0,  10 . 5 0  1.50 8.2.1 VER I FY PREV IOUS SELECTION
C L O S E A T RSIJPP3RT

19.00 20.30 1.30 6,2.1 VERIFY PREVIOUS SELECTION
CLOSEAIRS O P P~~~T

21 .00 23 .50 2.50 . 0.2.3 SELE CT CO NTR OL MO DE
CL.OSE * IR~ UPP3 RT

2 5 . 0 0  31.00 6 .0 0  8 . 2. .  T R A N S M I T  UHF
Ct.OSEA IR~ UPPO RT

32.00 41..G0 12.0 0 0.2.5 RECE IVE UHF
C L O S EA I R S U P PO R T

8.2.. TRANS M I T  UHF
C LOS EAIP S U PP O RT

48.00 52.00 4.00 0.2.5 RE CEIV j UHF
CL O S EAIRS UP P3 RT

53. 00 gq .oo 6.00 6.2.4. rRAN SM I T UHF
CL OSE A I PS UPP ORT

59 . 00  61 .00  2 . 0 0  - 8 .2 . 5  RECEIVE UHF
C L O S E A ! R S U P P 3 R T

6 3 . 9$  7 3 . 0 0  10 .00 6 . 2 . 6  O EI ’ EC T FA C (A ~
C L O S E A I P S U P P O R T

T’..0l 7 7 .0 0  3 . 0 0  8,2.4. T R A N S M I T  u-s F
C L O S EA  L R S l J P P O R T

77.00 70.00 1.00 8.2.5 R [C€IVE UHF
- C L O S E 4 I~~~S UP P 3 R T

8 2. 00 80 .00  6 .00  6 . 2 .4 .  T R A N S M I T  JIF
C L O S E A I R S U P P 3 R T

$8.01 91.00 3.00 6 . 2 .5  P t C E T V ~ UHF
C . .OS E A I R S UP PQS I

91.01 94..CI 3.00 8.2.4. TRAP-4SMI ~ U H F
- C L O SE A I R SU P P 3 R T

04.05  09 .00 3.00 6.2.5 R EC E I VE  UHF

FIGUR E 2 .3 — 3 2 :  MISSION ~(T~ AR I t )  I tT - ~PI )R T
4.
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2. 3 . 5 .. I (Con t i n u e d )

Itj - .i nd t I t o  a need fo r  r e a l l o c a t i o n  of m a n — e q u i p m e n t  f u nc t i o n s , or i n t e r —

*.row man f un c t  10115 m d  tasks , or 01 i n t e r c h a n n e l  t a sks .

F t s k I t  i v i l y  ident ifies those t i m e  segments  in w h i c h  t i l e  s p e c i f i e d

t - I t
~~ nne 1, 01 L I ~’ L rsg& - w o r k l o a d  exceeds  a s p e c i f i e d  th re sho ld  value . fri each

of t I tc  t ~~~ i~~~~ - U t ~~~, tli~ Liii es l iold  equa l s  or exceeds a s p e c i f i e d  v a lu e ,

t h e  e n t i re  l i s t  of t a s k s , by iden t i f i e r , name and t ime per channe l , is

pr i n t e t i  ou t  ( I - i ; ; t i r e  2 . 3— 3 1)  . This  a n a l y s i s  i d e n t i f ie s  fo r  the  human f a c t o r s

- -5~~ I t t -  L I t  f .  t o r s  w h i c h  hav e  contributed to t h e  cri t ical  O V € -  r load

S L I _ U5 L 1 0) 1 . I b i S  sHows  t h e  a n a l y s t  to j u d g e  t h e  e f f i t t i c v  ( I f  r O s t r I l t  t u r i n g

or i~o i l  1o i t i n g  t a s k s  to im p r o v e  Op er a t i n g  p r o c ed u r e s .

.~~thsvstem (otivi tv can he b r o k e n  o u t  and r e p o r t L -d in two ~ L-p s r J t e  reports

i s  IL boug h t h i s  was no t  r e q u i r e d  or p r o d u t - -d I or the a n a l v s ;  l]S L -d as an

— 
t -~;lnp Ie h e r o - i n )  . The f i r s t  i d e n t i f ie s  tho st- ~ t iv it I ~~~ ISSO is  t e d  w i t h  a

.- 1 ; 1 - ; I  s t ib s v s t  t m  ( l u r i n g  a spec i f  f e d  p er i o d  * 11 t 11111 - . l I e  st -t ond p r i n t s  ou t

-i~ t I v i t y  d u r i ng - n i  ca l  ove r load  I L - n  I ~~~~~~ w ILL -c i i d  i v i d u a f

sonne t or  Iverogo w- , r k  load-s OF Ij IlS I or  exI t - L I ~i ~~l 1 1551 - ct -d t t i r 1-shoid

leve l. li to  s u b sy s t e m a t - t i v i t  los are g e n t - r a l  l v  t i  i n t e r  - i  l t i c i n o  d e t a i l e d

e x a m i n a t i o n  ot smal l  s e g m e n t s  of m i s s i o n  I l p I - r o t  i o ns ,  - .~~~~ . crit i ii p h ases

of at tack phases or weapons doll’~o rv , or - 1~
l
~
) c o a t  lu I J u l  n~~ 1 1  t iOns wit It

unus-.i. * 1 ly hi gh w o r k l o s d s  m d  co nc en t  rated act i v  i t

N i s s i o t l  ~5 L - c d i i o  o u t p u t . -; e ; s i st  of . u c h r o n o i o g i L - u l  l i s t i n g  m i s s i o n

tas ks , t h ~ t ime  each t usk  is st a r t e d  and the  time each task ends. A

p a r t i a l  l i s t . i ng  is s H o W n  ~ ri Fl g;ire -~ - 3— 32.

l b  s t — i t i s t i c a l  c - r l c i i l a t i o n s  are  a c ar r y o v e r  f r o m  a p rev ious  p rog ram

LI V I l 0 T . i i t t l i ~~~’ L i t L I t i h Il I l  .111 i .:sluation 01 C o c k p i t  Cr ow- ; . The

c t l cU l L I ; 5  1 r t - st ; L 1 v  .Icae t o  t~~i~ .~~1n.C - os [or I~LL r k l o a d  l ;v - i l u a L i o n  of
I i

Cc- ~p i I n e ws :  ‘- -
~~ .~~~o w ’r ~ lt t ~ d md -;Land. Ir II I l t - v i s t  i on s  f o r  each of the

ei~ . - I I )  s , C F 1 T I I I I d I  ( I S O  W I T I  1 - - i - - ! for (i tot il vision . (2) total

motor , I 1) t o t - t I  . - I lc ImI In i I- ; u t i I L r  s ;i;IJ (m )  ;iversc- - of t h e  ei ght  c han n e l s .

T n d i v i d t u l m i nd  t t -~ - ’ igtn- ; Ii - i ( I l s i b i c -  md ; i s t I u l ., and some * 1055—

153

— ~~~~~~ —~~~~ ~~~ I~~~~~~ 
-
~~~ ~~~~~~~~~~~~~~ -t ’.... ~~~~~~~~ 

—



___

I 

2 . 3 . 5 . 3  ( C on t i n u e d )

- c h i a n u i l OVO - r i g i  nu av i t t -  m e a n i n g f u l .  A user  op t ion  may be desirable , ratiie r

t han  an ttv er ;u i I i v ;u i t i ; u t ion (e . g . ,  c o m b i n i n g  L 1 v -  md 1 L e t  at - t i v i l . y  i c r

- “ It r i ” w o r k l oa d )  - -

t 
2.3.5.4 Workload Assessment Model Relationship to Baseline HFE

Methodo logy

J 

WAN app l i c a t i o n  t r a c k -s d i r e c t l y  w i t h  the manual p rocedure  desc r ibed  w i t h

- the  b a s e l i n e  process (and summar ized  b r i e f l y in i n t r o d u c t o ry m a t e ri al ea rl y

- in t h i s  s e c t i o n) . I t  adds c o n s i d e r a bly  in q u a n t i t a t i v e  p r ec i s i o n  and in

L-r e d lb i l i t y  of r e s u l t s .  I t  a l so  p r o v i d e s  s i g n i f i c a n t l y  improved appra i sa l s
- f o r  possible  work load  s h i f t i n g  th rough  the  channe l  comparisons  — f o r

example , an overload for the right hand might be a d j u s t e d  by s h i f t i n g

t asks  to the l e f t  hand . Ind iv idua l  channe l  data  are u s e f u l  and de f ens ib l e ,

- 

- as ire :

o Average workload and standard deviations i nd i c a t in g load va r i a t i ons

d u r i n g  the  mission segment f o r  each channe l

o C u m u l a t i v e  workload fo r  to ta l  v i s i o n , t o t a l  communica t ion

o Task p r i n t o u t s  for ove r l oad a r eas , and

I . o Scenar io  summary da ta

The u t i l i t y  of i ve r a g i n g  all  e i gh t  channe ls  may he d e ba t a b l e  — it

- 

- 

- 
does p r o v i d e  s h ot t e r  i m p r o - s s i o n  of the net  “ l o a d i n g ” t h e

crewman may r e a c t  t o .

I The main requirement for WAN refinements is in the d a t a  a r ea — to deve lop

a d at a  bank  of broadl y applicable task times.

- 
I;
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I - CoiitItL Lt -r Aid ed Des i g n  of Crew Stat ions (CAD )

2. 1. ~~. I ; t - I t e i J l  C o mp u t  or  \ u * l m d  Design Concept

I I~ ( t ; f I ; t t  e r — .-\ ided Itt - si  gri (CAD) model prov ides  a se t  of computer r o u t  i ne,-

to i s- h t t  i i i  o r itus Ispe ts of o-rewstation design . CAD e n c o m p a s ses  a m i x

f - s; . ih I I i t  i es to i t e  used i n d i v i d u a l l y  or -o l lect  ivel y in  t lie  do-ve  lopm erit

(5*1 o i i  ti .it  ( I L  .~f L~ 1 . 5  t a t  ion desi gns. In o t h e r  wo rds , the  sepa r a t  0 I L u I ~~ —

I ; I : - - ~ 1 t  go can be app l ied  somewhat  i ndependen t l y as needed to  s u p p o r t

o ~~ t i c t u l o r  phase of des ign  d e v e l o p m e n t .  For example , CAD can be emp luv -d

a - ; c y s t . u t i o u  v i s i on  a n a ly s i s  in one instance or a reach anal ysis in

mS -I ILl i I 1 5 t J ; L ~ e.  i ) t s i g n  d e v e l o p m e n t  s t a t u s  and user op e r a t i o n s  f o r  e i t - I L

f~ P t u n c t  ion ore  s u m m a r i z e d  be low : /

*~~
St c t.t ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

( A d  w i l l  now accommodate a comp le te  geomet r i c  desc r ip t ion  of a c r e w s t a t i o n ;

e .  s i r - r a f t  cock p i t .  T h i s  capabIlity is basic to computer—aided design

I-c OO L -- c a I - T 0 - w S ta t i o n  c o n f i g u r a t i on  must  f i r s t  be s tored in a c o m p u t e r

h f c re it can ho m o d i f i e d , anal yzed or otherwise affected.

. ; . ( - L n i c  I L p e c t l l  in a cr ~~w~~L a t l o n  are desc r ibed s imp ly as lint.s ; , ve r t i - L-s

of ~I1 l I v ; I t - i r o n s , or conic sections.. The CAD user assigns a name ;und then

del ines i i- t.- t of coord b i t  o points or conic parameters to e st ah l  ish t h e

shape sid ic- it I I T I  ~~f the obje t ~~ii the crewstat ion . Locations ire speci-

f i e d  rela; ice L I  the overall -:rcws ation coordinate system . Geometric

ob Ie ts c m  he org an ize - .l un -ler named subsystems or control and disp lay

sn o - i c . T I L  .o r mat  for lo t .; in u t  is cons i s t en t  w i t h  the CAFLf Data

d t ; - tt ’ t - ; - s  n t  - s - t - - ond it is des ;~~n~ d fo r maximum user  ease.

( , r o - w s t  i t  i on  C o o r d i n u t e s  I .OIr- H r s io f l

CAD h i s  t h e  c . 1 ; l . t bl l  h r v o p e r f o r m  t r a n s f o r m a t i o n s  of  c o o r d i n a t e  L I ;I t.-s

— b*- t w e * - - ;~ t~~~~T I i I ’; ) - e s s t - m s , h i m ’  I l t i  f u n e t  ion is not  of d i r ec t  c l - - r n  t o

t l t o  I I . s0~~ T}I~ IS fl(I~~ exposed d i r e c t i - -- t o  t h i s  f - i n c t  ion , i . e .  he  i;~
n o t  I I  

~~
- . c i  I;t l I m L  tra ns form atio n ijts or c lcIn u Ld - . The f- L n c t  i on  i s

p r - - i  Ic - - - - h o  I C  c I - ; I ) L H ~~r f - - n hi-4 conven ience .  For - :-: u m p le , i n l j v f d , t ; u l

- I f l t  r . ;l s  no ‘b t  -
~~‘I I’S L ; I i - p i t  c In be incit ed by two—d imens in ; ] ;mne l
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2.3 .6 .1 (Continued )

0 1)1) rd in ;it i - s r a t h e r  than  by an ove ra l l  th r e e— d i rnens  ion;i 1 coord m a t e  svs torn .

This f o - a t t i r e  an a l so  be used to automat lt -;i l ly d o - s c r i b e  geomel n c  i t e m s  in

d i  f f o - r e n t  c o o r d i n a t e  sy s t e m i f  ;i u ser  pro fers to make suc h a L I L ; I n p . o- -

Crt.o.

Geomet r i c  i t ems  can be a u t o m a t i c a l ly  scaled ( u n i f o r m l y expanded o r t on—

t r i c L e d ) ins ide  t h e  compute r  b y s imp ly i s su ing  a sca l ing  command . The

s c a l i n g  command fo r  CAD is expressed by the  pe r cen t age  inc rease  or decrease

d e s i r e d .

Crewstat ion I a i lo r i p~

CAD now p rovides  the  user  w i t h  t he  c a p a b i l i ty  fo r  m a k i n g  s e l e c t i v e  changes

In a crew-s t a t i o n  geometry  desc r i p t i o n . For examp le , an i n s t rumen t  can be

re located or a panel reshaped or r e p o s i t i c -  :-d by s imp ly i ssuing a DEl ETE

command f o r  t h e  i tem of i n t e r e s t  and w r i t i n g  a new desc r i p t ion  for  the i tem .

Changes ins ide the computer  w i l l  occur onl y for  the  i tem bei ng m o d i f i e d  —

the r e m a i n i n g  c r e w s t a t i o n  remains  u n d i s t u r b e d . This  t a i l o r i n g  f u n c t i o n

al lows rap id  up date  of a c r ewst a t i on  de s ig ; i .

CAD t a i l o r ing  also provides  fo r  r e d e f i n i t i o n  of c r ews ta t ion  subsy s tems .

For example , the  use r may wish to b u i l d — u p  a s u b s yst e m  descri p t i on  b y

p iece—meal definition of various items and t l -ien combine them l a t e r  under

one slLh s .- t e m  ( f o r  easy r e f e r e n c e  in subsequent  an a ly se s  and repor t

c o m m a n d s ) .  This  is accomp l i shed  w i t h  the  s imp le R E D E F T ~~E command fo l l owed

by - i l I s t  of  t h e  items to be comb ined.

P ane I ~p~~c -  .-\ llocation !Control _ p~~~~~2 
i;iy A r r a n ~ ement

A i l s  .ition of  pane l  space and ar rangement  of con t ro l s  and disp lays is par t

of the  cmi r r e n t  deve lopmen t .  I n i t i a l  developmen t prov ides  means f o r  e a s i ly

sj te i f v i n g  a de t a i l ed  panel  a r r angemen t  or changes to t h a t  a r r a n g e m e n t .

I l m m s -  me ans  are  i n c o r p o r a t e d  in the  f u n c t i o n s  fo r  c r e w s t a t  ion geometry

d e s c r i p t i o n , cr e w s t a t i o n  t a i l o r i n g , and d i g i t i z o - r inpu t  of c r ews t a t i on

g t - o m e t r y .  The a l l o c a t i o n  and ar r angement  f u n c t i o n  is f u r t h e r  suppor ted  b y

t h e  n o - i t ch  ana l y s i s  and sec tio n view fm. - ; u t t m r t - s  of CAD .

‘
~
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2.3.6.1 (Continued)

Vision Analysis

CAD w i l l  now pe r fo rm a c r ews ta t ion  vision analysis. Emp loyment of this

f u n c t i o n  for  ex te rna l  v i s i cn  anal ysis requi res  the  user to specif y (1) what

geomet r ic  ob jec t s  are opaque ; (2)  Wha t objects are transparent , and (3)

locat ion o f the  eye r e fe rence  po in t .  These are easy tasks , once the

crewstation configuration has been stored in the computer .

Internal vision analysis is accomp lished via same elements  involved  in the

reach analysis program , i.e. : the data structure for input of vision

angula r and distance limits is the  same as fo r  t h e  reach envelope input.

Al l of the i n t e rna l  v is ion analys is  r equ i remen t s  can be met b y app r o p r i a t e

operation of the reach analysis procedure. For example , locations of

vision distance limits on specified panel surfaces can be found by inputting

a cons tan t—reach  envelope (at the f ixed  vision distance) .

Reach Ana lysis

The CAD reach analysis f u n c t i L l a  is now o p e r a t i n g .  When the user s p e c if i e s

a reach envelope , f rom measu red a n t h r o p o m e t r i c  data  avai lable in the l i t e r a —

tu re , the computer  w i l l  (1) p lot an ins t rumen t  panel  and desi gnate points

tha t can be reached , and (2)  repor t  in t a b u l a r  form a d i s tance  comparison

between actual reach and s p e c i f i c  pane l loca t ions .  Reach anal yses f o r

va r ious—sized  crewmembers are pe r fo rmed  by specif y ing a d i f f e r ent reach

envelope for each “ pe r c e n t i l e  s ize ” . Once a s t a n d a r d  set of r ea l i s t i c

reach envelopes are defined and input to the computer , then the user can ,

at any f u t u r e  t ime , simp ly command a reach anal ys i s  fo r  any c r e w s t a t i o n

c o n f i g u r a t i o n . The onl y input  da ta  needed to genera te  a reach ana l ys i s

ire (1) a selection of percentile size , (2) a selection of panels , whose

g e o m e t r y  has been prev ious ly  s tored , to be s u b j e c t e d  to reach ana ly s i s ,

and ( 3) a sect ion of reach r e f e r e n c e  po in t .

I,

1: 
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.1 .3 .6 . 1  ( C o n t i n u e d )

Crewmember Esc ape 1 t J _y~~~p

CAD per f o r m s  o - s t - ; i p e r I e a r ~i m u -c- ;m n a l v s  is and L I t  is c- a p ah i  l l t v  has been d emon—

st r a t  eli b~- a samp le pr ob  l ent ext -c c  iso (Re fer e n ce  28) . In essence , t h i s

iu n c  t ion c h o c k s  f o r  pot  e n t  i-i l i n s t a n c e s  w h e r e  a crewmenih er  w o u l d  bump i n t o
an ob j ec t  as he e j ec t s  f r o m  a cr e wst at i o n .  The user  supp i ies an

envelope (Volume of space th roug h whic h the crewm emnh er t r a v o - l s )  and a l i s t

If c rew st at i o n  o bj e c t s  to  be checked .  The compute r  a t i t o m a t i i s u l l v  i d c - u t i f i o - s

p o t en t  l~d i n t e r f e r e - a c e s , d og r e -o -  of i n t e r f e r e n ce , and o b j e c t s  c a u s i n g

i n t e r f e r e n c e .  A p l an  v iew drawing  is also p roduced  in  a d d i t i o n  to the

tabular output.

Op e r a t i o n  of the escane analysis feature is relatively simple and poten-

t ial l y can be made even ea s i e r  by develop ing a Crews tat i o r i  G e o m e t r y  E v a l u a —

t i on  Model  c a p a b i l i ty  to gene ra t e  escape enve lopes .  Such a c a p a b i l i ty

would  a l low a q u i c k  d e f i n i t i o n  of escape volumes f o r  va r i o u s  s ized crew

members  and va r ious  seat o r i e n t a t i o n s  ( e j e c t i o n  v e c t o r s ) .

A l t hough s p e c i f i c a l l y  designed fo r  computer—aided  anal ys i s  of crewni ember

escape f rom an a i r c r a f t  cockp i t , the escape i n t e r f e r e n c e  f e a t u r e  can be

appl ied  to any problem of f i t t i n g  a d e f i n e d  vo lume  i n t o  a comp lex and con—

f i n e d  c re ws t a t i o n  space.

Sec t ion  Views

O r i g i n a l p lans f o r  CAD in c l u d e d  p rov i s ion fo r  compute r  p lots of S e c t i o n

views. However , t h i s  c a p a b i l i t y  a l read y resides in the  C r ew s i at i o n

Geometry  E v a l u a t i o n  Model and a dec i s i on  was made to take a d v a n t a g e  of

that f e a t u r e  when t he  C r e w s t a t i o n  Geometry E v a l u a t i o n  Model is in t eg rated

in  CAFES. The C r e w st a t i o n  Geomet ry  E v a l u a t i o n  Model  a l so  p r o v i d e s  pe r—

s p e ct i v e  views which  can be v a l u a b l e  for  v i s u a l i z i ng the ove ra l l  crew—

s Li t  ton g e o m e t r y .

For mono - detailed i n f o r m a t i o n  on des ign  and o p e r a t i o n  of the  v a r i o u s  CAD

f u n c t i o n s , the  reader  is  r e f o - r r e d  t o  t he  I so- n ’ s Gu i d o - ( R e f e r e n c e  2 8 ) .

4
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2 .3 . 6. 1 (Con t inued )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Model Inpu t s

Thiro-e modes of geom e t r i c  data  input  were exercised dur ing  i n i t i a l  CAD

deve lopment : manua l ; d i g i t i z e r ;  and the  Crewsta t ion  Geometry E v a l u a t i o n

i n t e r fa c e  - The manua l mode involves w r i t i n g  down , by hand , a p o i n t — b y — p o i n t

desc ription (e.g., from a design drawing). The d i g i t i zer mode s imply

involves laying crosshairs on a drawing  and pressing a b u t t o n  at app ropr i a t e

loc .u ; i l t m m s .  The CGE interface mode automatically in terpre ts geomet ric da ta

I r c -D11 -li for the CGE so tha t  it can be input d i r e c t ly to CAD . To da te ,

each ::; - do has been demons t r a t ed  to f u n c t i o n  p roper ly  and the digi t izer

m otl e I r l t d L t c e d  time savings of about 90% compared to the manual  mode.

Eur t ite r do -vo- lopment of the  di g i t i z e r  mode coul d p rovide for  a u t o m a t i c

tti n g oI geometric items into subsystems , panels , etc.

COMPUTER AIDED DESIGN OF CREW STAT ION MODEL OUTPUT S

i- - ; c  p c -  I n t e r f e r e n c e  Ana)y s is

Cr1 -- - -.m~;- m h- -r Escape A n a ly s i s . A l i s t  of i tems which  p e n e t r a t e  the escape

vo lume , i n c l u d i n g  l o c a t i o n  of penetration , d e p t h  of pene t ra t ion , name of

p e n e t r a t i n g  i tem , name o f i tem being pene t r a t ed .  A p lot of escape inte r’-

f e r e n c e  f e a t u r e s .

Pan e1~ Cont ro l  and Disj~~~y Arrangement  Drawings

Crewsta tion Geometry Data. Coordinate location of elements (instruments ,

di sp lays , controls), items (points , l ines , curves , p lanes , 3—dimensional

surfaces) panels , and subsystems (within defined coordinate system) as

modifi ed by crews ta tion scal ing , tailoring and/or coordinate conversion .

Vision An a 1~~~is

E x t e r n a l Vis io n P o l a r s . Loca t ion  o f opaque and t r ansparen t  areas are pro—

- .
- 

vided f - n  - t n g t i lar  l i m i t s  of + 180° azimuth and ± 90° elevation.

V i s i o n  D i s t  inces . I ) i ; t a n c e s  be tween v i s ion  ana lys is  re fe rence  point  and

p o i n t s  on a pa n e l  su r f a c e  ar c  d e t c - r m i n e d  f o r  spec i f ied  ang les of a z i m u t h

and elevation tn pc j i l t s  on t h e  pane l  surface.
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2.3.6.1 (Continued)

V i s i o n — P a n e l  I nt e r s e c t  ion - Sp e c i f  ies t h e  1st - a t  ion of vision angular or dis-

t a n c e  1 j o l t s  on pauc l a r e a s  w i t h i n  t h e  given v sion a n p i h u i r l i m i t s  ( :is a

f u n c t i o n  of locat  ion of o r i g in  f o r  v i s  ion a na l \ - s i s  ref ~-r e n e o -  p o i n t )

Rm a ch An a ~y sLs

Reach D e v i a t i o n s .  l ) i f f e ren c e  in d i st ance  between reach  l i m i t s  and c o c k p i t

l o c a t i o n s  s p e c i f i e d  as p l u s  and m i n u s d i s t a n c e s  and percentage of total

r e a c h .  P r o v i d e d  f o r  r i g h t  and 1 € - f t  hands  and f o - e t  as a f u n - t i o i i  of c rew—

neummhe r s ize  and location of origin for r e ac h  e n v e l o p e  r e l e n t - n t -c p o i n t .

Reach—Pane l  I n t e r s e c t i o n . Loci w h i c h  d e f i n e  t he  i n t e r s e c t i o n  be tween r e a c h

envelopes and u s e r — s p e c i f i e d  i n s t r u m e n t  p a n e l s .

The d r a w i n g s  and c o n c o m i t a n t  s tored da ta  on gL - ( t t nc - t r y  not  on 1~’ p rov ide  a basis

~~ 

- f o r  compar ing  c a n d i d a t e  sys tems , bu t  also p r o v i d e  the  bas i s  f o r  modif y ing

t h e  p r e s en t, sy s t e m  fo r  a p p l i c a t i o n  to a new or d i f f e r e n t  deve lopment  sys tem

w i t h  d i f f e r e n t  m i s s i o n  or c r e w s t at i o n  r e q u i r e m e n t s .  The h i s t o r i c a l

development  of design da t a  and d e v e l o p m e n t  c r i t e r i a  can be r e a d i l y  p r e—

served by incorporation in a master storage and r e t r i e v a l  submodel .

Co~~~~ ter-A1ded Cr e W s t a t 1 O f l Des~~~p Model~~~pj i i c a t  ions

S i m i l a r l y  to Wu’M, CAD applications are simp le and straig htforward. Outputs

are  examine d  to d e t e r m i n e  if  v i s ion , r 0 - a c h iu t e r s o o-t  ions , an d escape

volumes are  r e a s o n a b l e  and a c c e p t a b l e .  I t e r a t i c t - r e t  i n e men t s  ar e  ic c o m —

p U shed as necessa ry  to develop  a s u i t a b l e  p r e l i m i n a r y  des ign or m o d i f y  an

e x i s t i n g  des ign .

2 . 3 . 6 . 2  Computer A i d e d  Des ign  R e q m i i r c -mt - n t s  ~p e c i f i e a t ion

The s p e c i fi c a t i o n  for  CAD is e x L - n s m v e l y  l o n g a n d d e t a i l ed , so t h a t  r ep l i —

- i t  ion he re in  would  he excess  i v e .  The p r e c e d i n g  concep t  d e s c r i p t  ion is

fully and directl y responsive to the spe cif i cation to convey a summary of

the requirements , A fully detal led do - v t - l opn i e rm t is provided in Reference

27 and 2 i -~.
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. 1 . 1 . 6 .  3 C o m p u t e r  A i d e d  Des i gn of Crew S t a t i o n s  R e l a t i o n s h i p  to  Baseline

HF}-’, Mt- t I t o h - I

M~ 4I~ 1 1 c’rnen t  f o r  CAD 01 Crew ~~t a t  ions r e l a t e  d i  r u t - t ly s u p p o r t  i n g  to the

vp c s ~tt ro-qu i r ement s desc- r ibo- d in  p a r a g r a p h  2 . 2 .  1. 10 , Crew S t a t  ion Con—

I iguir :i t ion t ttnce pt s , [‘r a d o -— O f  Is and D e s i g n . R e f e r r i ng  t o  t h a t  p a r a g r a p h

u- i l l  make i l P .i no ~i1 t t h e  I a c t  t h a t  a number of add i t  i ona 1 e l e m e n t s  might t be

spec i f  l e d  ari d a d d e d .  Some of  t h u e  e l e m e n t s  a l r e a d y  cx i t in CCE hot might

he WO tc  e t  I t o  t iv o - ly  u seol  i n  CAD ( e . g .  , M i i i t a r v  Standards) . Others t h a t

.~ i l l  it t - ;t-Lcfu I i r e  t i nde r  dove  Iopmen t  (e.g. , C r ew s t a t i  on Assessment R e a c h)

wit  i c h i  w i l l  OP OVi on the Reach ovaltia t i o n .  The overall process is qui to

ct-Op I i c i t  t -d , and could requ i r e  d e v e l o p m e n t  of a s e p a r a t e  b a s e l i n e  method—

e l e gy  t o  C - I  inc a ser ies of c o m p u t e r  aids for detail design similar to the

~ -\H: ~- so - r i o -s f o r  UF’E uses .  -

~.h i le  man\ ’  other g r o w t h  a reas  c o u l d  be r e a d i l y  ident~~f ie d , the  key emphas i s

in  CAD has  beo -n to assure  t h e  d e s i g n e r  has max imum f l e x i b i l i t y  to he

r 1 - sp on s i ve  to  a l l  r e q u i r e m e n t s , t r a d e — o f f s  and neces sa ry  compromises .

.-\c . trd inglv , th i - m o d e l  is most  ext e n s i v ely  an a id  fo r  Layou t  Development

and E v a l u a t i o n .

CAP p r o v i d o - .s t o n  r e - u n r a n g i u d  in e x i s t i n g  c rew s t a t i o n  w i t h  d i s nl a y s ,

c o n t r o l s  and  w o r k  5 - 5 c c  a r r . o l C L - m t a t t  or deve lop ing  a new one.  I t  f e a t u r e s

t h e  I l o x  lb i i  i t v  t o  1- l i i i  l v  ~i ! .i t t . i h l e  to any  geomet n c  shape .  I t  i n c l u d e s

t b e  t b  I i  i t -; - - r0 ? t o ’C t : it I ~~ropr j 5 t t - e q u i p m e n t  space as e q i  i pment  loca t  ions

a n -  d e s i ;~;ia t - .~ I - as r -  i c i l y  p r o v i d e  t h e  c a p a b i l i t y  to  i d e n t i f y  and

l o c i t t - t l o ; l i c i l o I  p i i i ~- l  i n c  i - , a~~I s-m v o t h e r  f e a t u r e s  t h a t  m i g h t be use f u l

to t h e  d e S  I

Three  m u  or arr- is - - i  oicvt - I - -p
~: i o - i i t  w o u l d  be u s e f u l  f o r  CAD :

1. A I i i a le c Ic Oi - - q t i i P Is - i i t  1 i m o Im ions  data should he i m p l e m e n t e d  a t

c • c l v  ~~~~~ -

2.  I ..m \ o u t  o i l  j~~- t ~~ . i t  i on  rou t, i i ~~-s sh o u l d  h~ started t i  i n c o r p o r a t c -  the

- - in iou, - p - i r , h o t s  1 i i t  i n -  i t t e g r a t o - I l  by t h e  d o - s i g n e r  in n o - f e t i n g

p -s r a r t ~! m r~ :,, a r t - a  i ’, e t t t , 1 - a : - -  e l u r i t t t - n i s t i c s , and  - r i t t c ; u l i t v .

1 61
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2 . 3 . 6 .3  ( C o n t i n u e d )

C l n t e r a e  t l v i-  Grap h i c s  o p e r a t i o n s  by t h e  de s i g ner  wou ld  be u s e f u l

Ihow eve r , t h o - s o -  rot i  t I nes should in c  I ode t he resii I t s of (2) above
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3. 7 ( r o w s t z m t i t - n  (;o- ctiuetry Eva boa t ion (CGE)

l i i i -  p ro o c-ss ol  i n c o r p o r a t i n g  t h i s  model  in CAFES is p re sen t ly  in p rogress .

Ro - I : m t c J  so- t i v i t i e s  w i l l  p rovide  a more c u r r e n t  a b i l i t y  to produce  i n f o r m a —

t i o n relevant to t h e  p r e s e n t  s t u d y .  A c c o r d i n g ly,  t h i s  sect ion prov ides

an i n i t i a l  .nmar v , w i t h  more d e t a i l e d  da ta  to r e su l t  f rom the  i n t e g r a t i o n

n I t  ~ -
~ S —

2 . 1 . 7 . 1  C r e w s t a t i o n  Geometry E v a l u a t i o n  Concept

the Cock j i t  Geo m et ry E v a l u a t i o n  C o m p u t e r  Program System is designed and

lev ~- lop ed t o )  be a computerized anthropometric evaluation tool available

coin t u e  c o n c e p t u a l  phases of c rew s t a t i o n  d~~~igu . The h e a r t  of the

h t c -  j I~ I I  me thod  c o n s i s ts  of a t h r e e — d i m e n s i o n a l  man—model  (I )h -Pd A g )

(~C-e F i g u r e  2 . 3 — 3 3 )  t h a t  syn t h e s i z e s  j o i n t  loca t ions  and o r ien t a t i o n~i

ia i t  s i m u l a t e s  human m o v e m e n t .  I t  can i n d i c a t e  and h e l p  reso lve  p h y s i c a l

i - ; r o r n p : i t i b i i i t~~es bet wee n an~- s ized crew member ( in  p e r c e n t i l e s)  and the

g i v en  crew s t a t i o n  design b e g i n n i n g  wi th  the c o n c e p t u a l  phase s  of p r o d u c t

ch o vo - l o pm e n t . It  appears  tha t t h e  concept may be f l e x i b l e  enough to  he m o d i —

h o d  in  t l l c  f u t u r e  to serve as a computer  aided des ign  tool as w e l l  as an

t - : . i l - t i t i o n  tool.

The C r e w - s t a t i o n  Geomet ry  Eva lua t i on  Computer  Program System is a sequential

s o t  of FORTRA N IV programs fo r  the  CDC 6600/C YBER 74 t h a t  p r o v i d e s  the

c a p a b i l i t y  t 0 :

1. ch u - k, tr - nisl omm and st~~ro- large and varied amounts of da t a ,

2 . r e t r i e v e  se l e ct e d  subsets  of d a t a ;  c a l c u l a t e  body j o i n t  l oca t ions

of t he  n un—model as it imu la t e s  task  p e r f o r m a n c e ,

3. c a l c u l a t e  s e l e c t e d  n u m e r i c a l  p e r f o r m a n c e  i n d i c a to r s ,

-
~~
. Q ,etc rmi n -- w h e t h e r  the t~~~ks are  w i t h i n  the  reach c a p a b i l i t i e s

oh  a ny  s i i t - d  p i l o t  under  v a r i o u s  r e s t r a i n e d  c o n d i t i o n s ,

5. det o ct  - i st i a l  or t t h v s i - ; t l  - r f o n e n c e ,

6. a t  t o y  to  c-~~~r e ct  t p c  y j ua l interference , and

4
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FIGURE 2 . 3-2 9 :  BOEMAN WITIl LINKS AND BODY SEGMENTS
IN STANDARD POSITION
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-~~~~ 2 . 3 . 7 .  1 (( ‘o u t  i nu e d )

7.  e.-o h d P
i t - s i  i S  I i n t  erterenco caused  by st ra i gh t  l i n e  hand t r aj  eu  t o r i e s ,

i t i d o - 1t e n d e i i t  l v  c l t o ’ck c r e w  at  it t ion comp i ianc - c- wi  t hu s e l e c t e d  m i l i t a r y

s ta n d e r - i - - - thi - o ’  c a p a b i l i t i e s  are  an o u t g r o w t h  of t h e requirements

ttL c otl on t h e  program during Phases I , h A  and I l l  as w e l l  as v a r i o u s

iSsOttt 1t t i o n s  tu t t l e  in  order that an opera t iona 1 e v a l u a t i o n  too l  wou ld

r e - s t i l t ,

2 -  1 . 7 .  2 Dc -c i t , n  Requirement s and F e a t u r e s  f o r  Cr e w s t a t  ion Co-o mi t rv

Eva it  i t t  ion  ~locl i i  Dev i l opllien

i l t o - (r ~ - s station Geometry Evalua tion Model program r e q u i r e m e n t s  and  t h e i r

r~-l :t tion to or effect on the  C r e w - s t a t i o n  Geomet ry  E v a l u a t i o n  Compute r

I’ r e g r an u  h \ s t e m cons i s t  of t he  f o l l o w i n g :

I .  to o -~; t a h l i : - - a c a o-ommon r e f e r e n c e  s y s t e m  to e v a l u a t e  t h e  p h y s i c a l

c o m p a t i b i l i t y  L a n j a t o r / c rew s t a t j n l a y o u t .  In t he  p rogram ,

t h r 0 - o- r o - l u t a b  Ic r e f e r e n c e  sy s t ems  are used . The f i r - s t  is a desi gn

coordinate sy s t e m  ( u s i n g  b u t t o c k , wa te r  and s t a t i o n  l i n e s) .  Da ta

o t i  coc k p i t  go -onun - t ry  p l a n e  v e r ti c e s  and c o n t r o l  l o c a t i o n s  a re  expressed

— in  t h is reference system initially from crew s t a t i o n  dra w i n g s. These

t r ~~ c he c t ’- l  and t r a n s f o r m e d  to  a Eu c l i d e a n  c o o r d i n a t e  sys tem (x , v , z)

I I  1g m  t - o i ncides w i t h  t h e  c o c k p i t  eve r e f e r e n c e  p o i n t .  These

- t i t u S te h i - t i  s t o r ed  and made av a i l a b l e  fo r  an e v a l u a t i o n  r u n .  At

h t  hc~ i nt Inc o f  n-it Ii o v a l i~ u t  ion  rio , BOFM ~-\N ‘ s eve  mi d poi n t m i t  i~tl ly

- - 
ct i nc  i d e  wi th t h e  eve r e f e r e n c e  p o i n t  o r ig in . The d a t a  a re  aga in

t r t i i s f o  so t I ~~ i t  t b -  o r i g in co r r e s p o n d s  to  t he  s p e c i f i e d  - s i z e d

;di :~C~h ’~-c a t - u t - c - I  p o s i t i o n .  The des ign  c o o r d i n a t e  sys tem is n e c e s s a r y

bc - c u u i ~~t -  I t  d :i ta ar e  g iven  in that sy s t e m .  The o t h e r  two sy s t e m s  ar e

used hoti - i m e e  the I t i r b i r  j oint b -cat ion (and iieit c tc t h e  s c a t )  a rc

d e p e n d e n t upon t~U-P-lAN ’’c link dim ensions if the eve mid poin t is to he

at t~~~i eye nr - I t t - n e p -t i n t .

A -
~ 1 . 1-- ~t r o - l :  - ‘ -~ p t - m t  h l t c  -r e s  a t i t i - r r t  o ’V~~~1 i u t  e r r  c - p u l l  cg r : h l o - -~a t i

t h I  HV I  d ’ c & i L C I r .  -~ t - LaSh irrstilt ~c ho -pond at : uniyersai a v a i l a b i l i ty

a arid se~ l - d c - ’ m i d  p c o t - o- dt i r t - - - f o r  gene r a t  ini g t h e  a n t h r o p o m o g i c a l ,
-

~~ g t - o n- t n i -  u - - I I !  i g i r t  u i s a ~~ t n -i r :i ; c o n s i s t e nt  app l i c a t i o n  of  t h e  model

in r - - : t r  - - t  - ‘ -p s i z e  -P n i r g  1 t u s k  sequ ence . e r r o r  h , t i n I n : , - - - e i g h i t i r r g

l h ~~t

.. 
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2.3.7.2 ( C o n t i n u e d)

coefficients , and preferred angles (all of these  c o - l a t e  to  the

obj cot  i ve f u n c t i o n  and to  t i l e  e n t i r e  opt  i m iz a t  ion  p r o c e d u r e  used

t o  sy n t h e s i z e  BOEMA N ’s m o t i o n ) ;  r e l a t i v e  i nse ns i t i v i ’ y of t h e  model

to d i f f e r i n g  i n i t i a l  c o n d i t i o n s  b roug h t ab ou t  b y u t i l i z i n g  a

d i f f e r e n t  c o m p u t e r .

~~ - ~~~~~~~~ c r ew s t a t i o n  ev a lu at ion s to be accurately~ ~~~~~~~med u s i n&

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Hand j o i n t s  w i t h  respe c t

to  the con t ro l  l o c a t i o n s  are c a l c u l a t e d  w i t h  t o l e r a n c e  l i m i t s  of 0 . 7

i n c h .  C u r r e n t ly , on t h e  b a s i s  of CDC 6600 c o m p u t e r  t i m e  r e q u i r e d  to

process a seven t a sk  sequence , ~jo in t p o s i t i on ca l cu l at ions an d bod y

segment l oca t i ons  (up to 14 p o s i t i o n s  per t a sk)  r e q u i r e , on t he

average , Le ss  than 2 m i n u t e s  of c e n t r a l  processor  (CP) t ime per t a s k .

This can be f u r t h e r  reduced  s i g n i f i c a n t ly b y dec reas ing  the  number of

i n t e r m e d i a t e  p o s i t i o n s  r equ i r ed  in tasks of r e l a t i v e l y  smal l  d i s t a n ce ,

f o r  examp le.

4.  I em it s~~~çlf  Ic i t e m s  t h a t  in tie r f e  re w i t h  crew movement to  be

i d e n t i f i e d  and i n d i c a t e  areas  where  improvement is most b e n e f i c i a l .

4 The program uses b ounded cock p i t  p lanes and p lanar  approx imat ions

to the bod y segments  of BOEMA N and t e s t s  each of theta f o r  the  occu r—

rence of v isua l  i n t e r f e r e n c e  w i t h  the  l i ne  of s i g h t  a t  the  end of

each t a sk .  If v i sua l  i n t e r f e r e n c e  occurs , a c o r r e c t i o n  p r o c e d u r e

is used to move the  man—model  to avoid the  b lock ing  p l a n e ( s )  if he

can f e a s i b l y do so. Ph ysical  i n t e r f e r e n c e  of bod y segments  w i t h  each

o the r or w i t h i  the  crew s t a t i o n  is i d e n t i f i e d  and i t s  e x t e n t  and

impor tance  are assessed . Physical interference correction is handled

p a r t i a l l y  by avo id ing  i n t e r f e r e n c e  of o b j e c t s  w i t h  the  hands  a n d / o r

f e e t  as they  t r ave l  towards t h e i r  s p e c i f i e d  c o n t r o l  p o i n t s .

5. To ~p~~ p it the_ e v a l u a t o r  to  consider ~~~yn arn i c  m o t l on w i t h  real time

e f f e c t s , v a r i a t i o n s  in o p e r a t o r  s i z e , s i m p l e  and complex ac t ion  and

p h ys ica l  r e s t r a i n t s .  P r e s e n t l y  the  Cock p i t  Geomet ry  E v a l u a t i o n

Compute r  P rogram System u t i l i z e s  task da t a  t h a t  s imu la t e s  the d u r a t i o n

a human mot ion  and the gene ra t ed  p o s i t i o n s  cor respond  to t h i s  t i m e

i n t e r v a l .  The i n d i v i d u a l  l eng th  and mass p e r c e n t i l e s  of the  bod y

segments are user spo -c i t i o d , p rov id ing  f o r  s ize  and we igh t  v a r i a t i o n s
I
t-
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2 . 3 . 7 . 2  ( C o n t i n u e d )

t u l  t hmo ’ - t p e r a t o r .  P h y s i c al  r e s t r a i n t s  such as lap b e l t s  or shoulder

— htu r nt-se c-a t n -  c u r r e n t l y p r o v i d e d  fo r  by r e s t r i c t  ions  on t b i o -  a n g u l a r

h a i l s  ol p e r t i n e n t  j o i n t s  in the upper torso.

6 . [~ t ltr9~i~SF r e s u l t s  in a f o r t n  a1up l ic ab l e  to e i t h e r  prog ram f luen t

~-r  i0 - a  Lr ~u oL- v o - l o p m o u i t  d e c i s i o n s .  ‘Flue p rogram pr oc l ue o~s a p r i n t e d

h i - c t o r ”  ~ t a f l i g h t  m i s s i o n  por t ion  (or task  sequence )  f o r  e v r u l u a —

i -ri . Th ere are m i s e r — c o n t r o l l e d  opt  ions a v a i l a b l e  to  v a ry  the s iz o-

- - t n t  o - n t  o f the o u t p u t  depending  on the  p u r p o se  of t h e  c - v a l u i a t  i o n .

F lue ap i  ions  i n c l u d e  suppress  ion of any  or a l l  i n p u t  da ta , and  expan-

s i o n  of t h e  p rocess ing  a n d  s u m m a t i o n  s e c t i o n s .  The sys t em a u i t o m a t i —

c m l i v  p rov iol~-s f o r  a min imum of p r i n t o u t  when a t a sk  is p e r f o r m e d

1 - ~i ; i b iy .  ~\ summary of t h e  e v a l u a t i o n  run is also prov ided  w h i c h

r o - p o t r t s  t h e  n amber  of t i m e s  a body s y s t e m  ( e . g . ,  uppe r  t o r s o , a rms ,

1 i-et , and head) had to  move d u r i n g  the  task sequence  and p r o v i d e s  a

l i s t  of  i n fe a s i b ih i t y  c o n d i t i o n s  gene ra t ed  d u r i n g  the  s e q u e n c e .

7 .  ~~- p t  i t v i c l o - m e t h o d  f o r  v a l i d at i o n  of  the  m a t h e m a t i c a l_m~~~~~~~~1~~~n_d

Cr e -~-s~~~u l  ion  iH-oane t r y  E v a l u a t i o n  Computer  Pr~~~~~r’ Sys tem . The v a i l —

Ha ’ ion in w h i c h  compar i sons  of man—model  and human p a t t i -s of m o t i o n

ar e  - . - i i v z e d  is d i scus sed  in the validation Document (Reference 12).

T h i s  c o n s i s t e d  of an - v a l u at i o n  of the  cockpit of the A7E fi ghter

u i r c r i l t  r i c i n g  t he  C r e w a t a t i o n  Geometry  Evaluation Computer Program

Sc- tent to u t e ~ - - r - c i i ; t - i t  p r o h l -- na known to ex i s t  w i t h  t h i s  cr o - v
- 

- 
— t  ~i t i  tn w i - c o  c l c t e c  ted by t h e  C r e w s t a t i o n  Geom - t r y  Ev a lu a t i o n  Co m p u t e r

P r o t g t  in - - - -- t  t n ;  m d  s h t e t h i e r  o the r  u n r e p o r t e d  p rob lems  a i st - e x i s t .  The

res t i t s  of t i r e  A l E  e v a l u a t  ion a re  discussed in  Volume 1 ci t h e  P h a s e

[ 1 1  f i n a l  r e p o r t  (R e I t - rence 1 7 ) .

I t r a i t s  tu t  rev - t a t  i tn  - cit -ti rn  E v a l u a t i o n  Model

[ b r - i n p u t r - q - : i r - -d Inc - i ides  i n i t i a l  and f i n a l  j o i n t  l o t - a t i o n - ~ du r i n g  th i e

t u s k , c o - i t t r - - c ~
t p - r c- e u c t  I ~s i ii! - m s  -an  t - i ch link , i - i sP  con ’ c l  h o t - i t t  h e n s ,

and hin t m l -~~ c ; t  ~m t c g ; i ;~~t r - mt ~ tI t o s it  ion n-c u lcn-s. Thu joint location and

or ieri ~ t h a n c: ’- y ’s . i nc h the con -c tr t i n t  v ec t t r s  a n t -  r n - - c t  t o m  t hic - ne x t

L u s H  w i l l  ~ tf l~~~~~\N
’ 

- - o’r t  ot L - r r t a t t t t t  and p o s i t i o n .
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2. 3 . 7 . 2  (Co~ t itrtio- d)

Orr p i i  f r 2 m  ~~ st o a l u a i o Model

P r o g r a m  OU TG O , t he o u t p u t  o v e r l a y ,  provides for a print ed history of the

eva l u t a t  ion run , olat a  f o r  g raphs  and c h a r t s , rind an op t  ional  t ape  f o r  the

v a l i d a t i o n  sec t ion .  T h e  p r i n t e d  h i s t o r y  is d iv ided  i n to  f o u r  p a r t s :

1. input da t a

2. R e s u l t s  of t a sk  s e q u e n o e  p r o c e s s i n g

3. S u m m a t i o n  data

4. Summary of task si-quenee

Sumtn at ion data include the  n u m e r i c m l  p o r t o r r n a n e e  i n d i c a t o r s  c a l c u l a t e d  in

~~ the  pro - v i o u s  ove r l ay  (P rog ra m SLM ~’l ) .  The da t a  r e q u i r e d  for  v a l i d a t i o n

i n c l u d e  BOEMAN ’ s j o i n t  l o c a t i o n s  d u r i n g  each s t e p  of a task for wh ich con—

p a r a b l e  l a b o r a t o r y  d a t a  ex i s t .  The task  sequence summary  cons is t s  of a

t a b l e  ol th e  number  of m o v e m e n t s  of c a c h  Bod y sy s t e m  and a summary of

i n f e as i b l e  t a sks  d u r i n g  t h e  s e q u e n co - .

The m i n t e d  h i s t o r y  is gene ra ted  us ing  the  i n t e r m e d i a t e  o u t p u t  f i l e  a long

-.-. i t h  c o n t r o l  v a r i a b l e s  (user specified ) which determine the amount and kind

of h i t c h - r n -  r equ i r ed  fo r  t Im e e v a l u a t i o n,
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7 . ). t I t cr1 , . it (t [te t i  it ’ r S i cut t i  - ii i t ’ t (1105)

~~~~~~~~~ 1 ! t \ }- t - :- i r i t e r l a t - tcs w ith the Iitti; t att t ) p e r c m t t , r  S i m u l a t i o n  arc - in i n i t i a l
o S p  i o t a  t t t r v  p h a s e s  . A c c o r d i n g l y ,  t h i s  s o - c t  ion i s  most  ly  t b e s c r  iJ ) t i n o -  iii

t i l t ! !  c .

7 .  1 .5. 1 t - c t ! c i i 1 hl tmnrcmn O pe r a t o r S iintiLm t ion (tt rr t - o-pt

H o -  ! [ c inn tn  t t - t  i t L t , r Simulation t-lt t d~ l is c u r I o - I l l  1- .- t th- r dc- -co - I - -pn c-n a t  NADC
tf lO is  cio L c t t i r o u t  h .  p a r t  of  the  CAFES s y s t e m  I ih r t r y .  f l ue  O t t , -  of intr i -—

i i i  h t - ,  I to be - l e t  m e d  ( F e f e r e n c e  3 9 ) .  -

- 0- i c t i r c O r t  t! j t c  r t t ~~t S i m u i c t t i t t t i  N t n h c - ] i s  a c-e oerali tn-d c o m p u t e r — d n i v 0 -ui  m o d , - l
o c m I t - u - - m a  itt inc in m c - c l — - o r i e n t e d  t a sk  p r o c e s s i n g  e n v i r o n m en t .  T ime m o i c - [

is on c i n d- - ,- i n  ,— l op r ] ient over t h e  pas t  severa l  vo-; tr to enab le  s i m u l a t  ion
t t i c ; : - tc op o- r t t t - r  f t u n c l i - i i s  i i i  i - -c ! pon S sys tems as neali~~t i c a l l v  and a c c u r a t e l - .-

dc t b 0 - t t i r t c t  l I t ; - t~ i s-c tports s-.~5tt~- t;rt! t i e simul ated by mode ls.

l ose t r t ;: t r i  - -p o r at o r  simulation s attempted r - -  date sbttt w p r o gr e s s  Lo s-ard
i t t i l t u r n o - f l i  o f  t h e  realism and a c c u r a c y  n e - c s a i r - c  to  r e p l a c e  l I c e  Itu m an w i t h

L i  s i m r i l a t o r .  N ’ r r ’ r c t L  t a s k  a n a L y se s , for -s t rrrjtl e , L o c m o e  t ine w i t h  th or
i r r i p r c - s st o t t  r 1 - i l -i atiaca!! operator s e r i a l  l v  pnocesst -s c m l i  st ep s  in  cm p i u r t  i—

c t i l . i r  t a s k  u - i t  t h t i w c -r o -  t h e  o n l y one he lurid t o  n e r f o r m .  ib is c t pp r tti c it

iCn O r c - ~ t i l e  c i S n u m i c , id u p t i vo- c l i c t r i c t e r  o f  actual bin-i t h e i c a t - b o r .  I n

r eali  t y .  ~ I ;c-  t p e r t t o r  is us c i a u l  a cessing  a v a t -  [t  t — of m i r e — o r — l o s s

inde~t t - r- I o - r t t a k s  i i m t u l a t a r m o - t i j s l v  ~t - .g .  , m aneuv c- rit r g i t t  r a t  t a n - i

a e c t r c h u i n g  v b - ; - u c u l l y  f i r  t - t r c t t s  s - I ; i L -  m o n i t o r i n g  i n s t r u -  t 1 o u t s ’~ r n - h r  r h o
t- t t r w t u - i  A i r  l i r r u t  r o i  e r ) .  h u s k  ati~m l a s es  r a i l s  to  j r t d t t - u t ~ w b m t  1 - i t  t on s

d e t e r m i n e  W h O  : ; i t o  s t t ~-s wo r k i t o r  one t a t  and  b e g i n s  to work ~an li It t~ ’ her.

Suich to-chniqu c- s v i c [  I t m v t - r s i r j - h i f i - a t i o n s  t - n the r o b -  o f  t i t O -  ttln r a t - c .
thus pr --: 1 clin g t [ h i c - S i  i o n - m b  I c  t l t c r t  I - c  i~- t r k  l t t u l  I to orma t ion. Thu is is not

to ind i c t i t - t h e  r t ~~k o ’t ; t 1 v s t . ~ u s  -~& J e s s  o r  n t t  e l e t  n i v t - . On l i t , -  c t t n t r t r y ,
a t ask ii- - I - , ~~~ t - s  ~~t c L  i n  I c m i i  H m r i t n -  w i t  hi l i t - sv s  a an d  01

r i - v - c a l  - i 0 0 ~~ i f r c - j i r h l  t -  ci t i l t s  -

— - i 
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2. 3.8 H a r t  ino io-d)

t i r e  rn - thod of ~~ti t o r  ir ig  dci t u and t lie sac it I r a n  langoiage I t  ho- used has h e m - r i

o - x t n t  i r r o d .  A gp o -c  i i i  Human Ott o-r cm t or b r o s - m l t i y o s  cingutage ( I I O P R O C )  h a s b t - t - t t

dc vi- I ope l t o  c i t t i c  1~- u s e r s  01 lOS t o  i rr pu m t bo th u ope rat log prt at-ed u ro- s for

t h e  o v a  re n t  and ct i s s ion  ins I rot c— i  i on s in Eng i l ab — l i ke s t c u  t - r t r c r t  i s .  HO P ROC

s t i r  o W t rt  t S are ‘‘ comp i i  cci ’’ it -c HAL , t i s -  I IO PR O C As st -rr rb  1 c- / !~ t - c u d o -  r p r o g r a m .  The

OU t p u i t i i  HAL is t h r e n  i n p u t  to lOS. L O S  o p e r a t e s  as cm p r oc :essor  - t i  t h e

p oc -r i d o — m a c i t  i n t o i i t s t c u i c  t i o n s  p r c d t u t -ed by HA L. . I t s  Log ica l  It r t t c , - a c s o - c c  an -

c l o s e ly  t r i m l o g c t t r c t  t o  d i e  log i c m l  p r t i c c - s s o - s of  a h uman o p e r a t o r  p o r f o r n u i n g

r i t e  same t c u s k , and t h e  d a t a  i t  p r o d u o - c- -c is ar n e n a b l o - to t h e  ~ c rce  t y p e  of

t a m  lv ses  as a r c -  p o r t e r  t i on d a t a  f r o m  ci l r t t m a n  o - x l t o - r i n t e nt  -

HO S has f o u r  p r i n c i p a l p r o g r a m  m o d u l e s :  lI ne Decoder , t he M u l t i p l e x e r , t i n o

E s t i m a t o r  and t I n e  Banker .

2 . 3 . 5. 2 } r - t g r ; u m  Mo d u les

The I ) o -c l t - r  is a n a l o g o u s  to  t h e  hr tman u n d e n s r  and i ng  and - b e n  isb n—making

f u n c t i o n .  J r  r t - c , - i ves  an i n s tc r i c t t or i , :o mpr o - b i e n d s  i t , and dec ide s  w h a t

I a r t  i c c - n i n f o r n i t  ion and  a c t ion s  a r c -  i t o - I  c- s o - t r y  t o  a c c o m p l i s h  i t .  I t  then

[ni t b i t t  es t h e  n o c e s s t r v  s tep s  to o b ta ir t  t u e  i n f o r m a t i o n  or p e r f o r m  t h e

a c t i o n s .  Th u i c-c may invo Ly e the  j o lt  ist  ion of cm co -v p r t i c n - d r i r e  Wh o-n a d i s p l a y

or c o n t r o l  mus t ho c “e n a b l e d ”  h e f o ro-  i t  can be t n s t - d .  It  may r e q u i r e  c c m l l s

t t t  t ho- E st  j n i at or  t o  o b t a i n  thn - es t i n t - u t c d  v a lue  of  t n c -  dcv i c e , t o t b i ~

: n c m t  omv  ~1t i n - c - r  it )  p r e p a r e  the  b o t d v  f t i r  p e r f o r m i r r g  an ic t ion , Or  t o  t it e

C o r r i t  rol  g ;t n  i p u l  a t  io n S c - c t  ion of  t h e  p r o c e s s o r .  The D e c o t l c - r  t h u s  1 - - r - -  ccc i n t ’ -s

t d i c u t  i s  n eo - d ed and h o w  be s t  t o  sequence  a c t  ions  in o r der  r a accompi  ish i t .

I t  a l s o  J - t  , - r m  i n e s  w l i t - t  t i e r  a 1 - r i -  d u c o  can he c o n t  l o t t e d  . When a p a r t  i c u lar
— 

action c mrurrn r t ho- p e r f t t r m o - d i m r r n e c h i a t t - l v . it calls tho- Stilt ip li -ser t t a  s c - l ed

- - another p r t t - c - t i t r r o  t o  he t x , - c r r t e o b .

The ‘- I i l  t i p l c - - -: t - r is t h e  m o d u i l t -  r b t c m t  c b t c i des  wi t  i c h i  l t r t t c c - l l t r t c  s hou ld  he

handled next by r I i - -  D e c t t t l e r . It eat th lisl r o-s pn iori r- [cs among p o s s i b l e

I r a  u - t h u r  and g e n e r al  n-s interrupts w h e n  a t  c u l t c r a t  [ e r r  in t i m - i n s t r t u c r . i on

s --p c- nrc  is r im - ta - c s ;r r y .  The Si n I t  ip ln - xu - r  can be c c i  l ied f o r  any of t h r e e
‘
I

reasons
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2 . 3 . 1 3 .2  ( C o n t i n u e d )

1. I l  t b c  sequence of i n n s  L r u c t i o n s  const  i t u t i r i g  a p r o c o - d t i r c -  is comple ied

it  aim i n a t  rue don is t - x c - c u u t  c d  wi t  i c h u  p er m i  is t I n e  s o - I t - c t  io n of a new

p r  ~tc 00 1 nrc- , mt r

3. If an c m c t i o r i  in  a p r o e e d u t r u c  cannot  be comp l o - t o - d .

‘ l Im e M u i i t i p leso- r s e l ec t s  a new p rocedu ir e  by s c a n n i n g  the  l i s t  of ,m v a i l a b l c -

p r o c e d u r n ’s ct nd s e l e c t i n g  t h e  one w i t h  th in -  h t i g in e s t  c r i t i c a l i t y .  I i  none a re

su r f  t i e  ie n t l y h i g b n , th u e  M o l t  i p 1 e x t - c  stay 0 - j i l t e r r o t  u rn  t m  t i n e  p r  t oc edure  t h i c u t

v- as be ing  05c c c i t e d  or e n t e r  a “ r elax ” mode in wit  h u h  p b i v s  t e a l  and m e n t a l

concli t ions will be reflected in improved 0 — s t a t e  l e v e l s .  O — s t c u t e s  c u re

param eters wh ich describe time individual operator ’s current capabili ty to

p c r f o c m  c c - r t c i i n  classes of ope ra t i on .  These may be p e r m a n e n t  ( such  as

basic  a b i l i t y )  or t r a n s ient r e f l e c t i n g  ph y s i c a l  or m e n t a l  f a t i g u e .
I’ r a t ~s i e r i t  componen t s  of 0 — s t a t e s  w i l l  ya rn ’ as a f u n c t i o n  of work  and

r e l a x a t i o n  c y c l e s .

A second type of i n t e r r u p t  is genera ted  by hardwar e c o n d i t i o n s  t h a t  may

af t c Ot  t i r e  s e q u e n c e  of a ruin , such as the  a p p e a r a n c e o t  a w a r n i n g  l i g ht .

Such c v e i t t s , howev er , may no t  a f f e c t  t ime  operator ’s actions immediately .

An L r t t c r r u i p t  D e t e c t o r  in t h e  Banker  d e t e rm i n e s  the l i k e l i h o o d  t ha t  the

chuange in the  b u a rdw u r o -  s t a t e  w i l l  be no t iced  hv t h u e  opera to r  as a s t a t e

whi ch criticall y requires his attention.

Tim e t h i r d  t y p e  of interrr npt o c c u r s  whi en , f o r  examp le , t he s imula ted  opera to r

r o - q u u i n e s  h is  l o f t  h and to a c t i v a t e  some n i e v i - , -  h u t  he is t -u r r e n t l v  us ing

h i s  l e t  t hand  to md j u s t  a r t - t h e n  c t t n t r o l .  ‘l i r e  c u r r e n t  p r o c e d n r r e  w i l l  be

t e r m i n a t e d  and , m s c i t o - d u l o r d i n t e r r r r p t  cu rcanged  t o r  when t i r e  l e f t  hand

bec omes I r eo- t o  be used by t h i s  p r o c e d u c e .  In t h e  i n t e r i m  t h e  o p e r a t o r

may wo rk on o t h e r  t abs.

Tb0- 1-1st i rnlator is the sorts ing/rern o~mher ir - ip core of FIOS . it also determines

tb0  t i - c r c costs fo r  p e r f o r m i n g  c e r t a i n  a c t i o n s  and fo r  abso rb ing  i n f o r m a t i o n .
For luist ,,nce , following a decision to set a knob at 0.5, the Estimc m tt t r
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2. 3.5 .2 (Continued)

r r t ig hn t tietocrmjite t h at i t w i l l  t a k e  0 .8 s e c o r t m , l s  to o m I t  - t n t  t h e  l c d , -  r t ; c , c L j t t r  un

t he  p r o -s e n i t  P05 i t  ~~~t i  t t f  t he  k im o u b ar id  1. 1 sec ’ t - n d s  a c c c m n n p l i  s i t  die

knob— I uct i  crc I lo in .

l i m o  l- s L imc m to r  ‘ s f u n o - t i o n m  c I ct sc l y s iniu lar . m ’s c m im oiman bc- l og ’ a a c t  lo r i s  in th om

it s  cr p e n a t i o n s  are riot f r i l l y d e t e r m i n i s t  ic. ‘[‘Inc t hm r t - c kinds of m c i  i o n s

a r t - :

l’ cep cmr a t  ion f o r  i n f o r m a t i o n  g a t he r  [tip , s u cb r  m s  m o v i n g  - ‘‘ e - , to  dj s 1t  I ty

2. I n f o r m a t i o n  abso rp t ion , such  as rn - - o gr i i z i n g  t i n e  V a )  n e  j n d i t ’ o m t t - t i  an

t i ,- d i s p lay , and

3 . Ct -mi t  rol a c t u a t i o n , such us p o s i t i o n  o r  .m levi- n

B e f o i  e p e r f o r m i n g  a control ac tua t ion act ior -i , t b u e  o p e rat o r  e i uc - cks  to see

if cite a c t i o n  is necessary —— w h e t h e r  the  c t - c t  col is u i  rn- .m dy in t h u ,

d e s i r e d  p o s i t i o n . If  it is , the , m c t i o n  w i l l  nc-i t h - i t -  t c t k c - r n . _ l ’ lnc ’ c h e c k  is

p e r f o r m e d  by means of a sequence  of i n - i t  o rrn ar. ion g a t h e r  hi i- , ac t  i t i t tS on t In e

va lue  of  the c u r r e n t  con t ro l  s e t ti n g .

In f o r m a t i o n  ga ther ing  is a b ur r  s tage process.  F i r s t  if t h e  op e r a t o r  is

alread y “ in c o n t a c t ” w i t h  the  d i s p lay or c o n t r o l  of i n t o - r e s t , l i e  w i l l

— absorb) i t s  value . Second , i f he is not  in c o n t a c t  w i t h  t h i n ,  d e v i c e .  c c - c u l l

is a t t e m p t e d , w h i c h  if  s u c ce s s f u l  e n t a i l s  only  a smal l  t i m e  c a s t ,  i n

r e m - a l l  is not i m m e d i a t e l y  poss ib le . but  s t i l l  h i g h l y  prohable , tbue op erm tt ’r

is allowed additio nal time I n - attempt recall. This results in ttio- ,u - ’curruu—

lation of additional small time charges until it is de- -ided t ither t h at

the value can be remembered ~-r tha t reca l l  has fc m I led -

‘t he success  of any  c - c - n i l  -n rt e rrt pt is probabilistic , depo ’nding on:

I. t i n e  t ime since the previous crhservation , t

2. The hab strength , H

3. The short term memory capability, and

5. A confid ence level , whlc hr r-f lects the operator ’s willi rtgn c-ss to

be l i eve  h b a  own memor y , ‘ t~nd is t ire reference a g a i n s t  w ln ich i  t I m e  
- -

probability of c c c i i i  is t e c t c -t l for success .
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2.3.13 .2 (Continued)

h u e  iii cc kc r a c c u m u l a t e s  t ime charges fo r  all act i ons  p er fo rmed  by the

op e r a t o r  and serves  as the  i n t e r f a c e  w i t h  t ime har hwcmrc -  s i m u l a t o r .  Wh o- nm

ci numer o at yciL tie of a display reading or a c o n t r o l  s e t t i n g  is required ,

L in e  Iicmn iker a - q n m i rca i t  f r o m  the ha rdware  s i m u l a t o r , wi t  [ c l i  may  he e i t i m e r

dat-i tile or a hardware simulation program module contai n ing the equations

i c o v o r n i n i g  i , c t r o l w a c e  r e sponse  te c o n t r o l  m a n i p u l a t i o n s .

C in a r g e a  a lso  a c c r u e  in te rms of aph y s i olr t g i ca l  - h m nge (eye s t r a i n , m u s c l e

- it ic tt e , etc .) , r e fle c t e d  b y changes in 0—sla te  va lue  over t ime , a i t i t o t i g it

t I e  B a - i -e r  i5 onl y concerned w i t h  t ime c h a r g e s .

- ic output irom tine simulator is a printout of information messages as eacbm

ins t ru L ion  is execu ted  and whenever  a s i g n i f i c a n t  even t  o c c u r s .  The user

m i y  ,u lso  d e f i n e  c e r t a i n  p rocess ing  p o i n t s  as m i l e s t o n e s .  When t h e  mile-

stone is re ached , the data arrays associated with t h e  d i sp lays , c o n t r o l s

and r in t L ions are printed O u t .

‘i he simulator also dumps the relevant data to a magnetic tape or disc for

use by tin e Huma n Operator Data Analyze r/Collater (HODAC). HODAC reduces ,

formats and analyzes the data. The types of analcses which-i can be done

i nc lude :

o D i sp l i v  and C o n t r o l  usage —— i n c l u d i n g  tlmn - spent accessing infornnma—

Lion , absorbing information , and monitoring.

o Mn abil tc - - t u n c t i o n  misag n-  —— i n c l u d i n g  t i m e  spent  e st in n a t i n g  and

c a l c u l a t i n g .

o Anatomy movemen t and m e m o r y .

o Loan ] ing .

o P r t c e d u r al  u t i l i z a t i o n- i .

o So-cr - r r i g  h r  t - q u t c - n c  i t - s .

o l n L c n r u i c r s

3 1  y es-oil  t a ’ ’ m b ue si-  mci u l y s o  - can he compar t - i ‘- - i t h  m i s s i o n  1,Irin s ir yu—

1 1  c o -Ir s , b u n  iv - re  W 1ll Wn ’a h t c t t c -  y c  tenni s c,[mii[ ~~ t i t ci s . lim es e cOmpdrisons can

be used to c i t  I - _ c  rid m te v c t  t i m - i t i me c -v o m i t s  t h , t r  t r .mnr spi r cob during an engm m g c-c-ct-nit

were ac cepta hnl- - r m r m  l - m t h  ~t Io n- ’ cn I o t i s  m a  I i n c  o p t - i  a t i - - m i , t I  b u n t  of v i e
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3.0 C0N C i,L ’5lr i5:~ A S l )  R b d ’ C- 1Ml- N l ) A ’ I ’ h c n 5 ~

o Basel ine Concept

Time s t r u c t u r e d  method developed h i e r o i n m  to o u t l i t m e  ci baseline met hiodol—

ogy f o r  HFE processes provides for cm log ical  and t eas ib le  sequencing

of a c t i v i t i e s  to suppor t  a sysLc ~m development program . W i t h  some

a d d i t i o n a l  e f f o r t , t ime basel ine could be ex t ended , o rgan i zed , and

documented to p rov ide  a r e f e r ence  source  f o r  broader  app l i ca t ions

wht ich u cotild draw more heavily and s y s t e m a t i c a ll y f r o m  past exper ience

for new development programs . This reference source would be useful

in assuring improved consistency in HFE products between programs and

in manual FIFE efforts , as well as providing a structured format for

CAFES uses. In either case , it would help to minimize attention to

routine activities in order to concentrate more extensively on those

activities that are unique to a present system d e v e l o p m e n t .

Most appropriate follow—up relative to this subject area would be to

extend the baseline process developed during this stud y to cover an

entire mission. Such a development should emphasize the systematic

c progression of analytic indenture to distinguish functions that are

common to a system (e.g., aircraft) to a system type (e.g., fighter)

and to specific variations in missions (e.g.. reconnaisance , close

support , air to air combat).

o CAFES Compatibility with the Baseline HFE Process and General Needs.

In general , CAFES submodel features , opera t ions and requirements are

compatible with the baseline process developed herein . Some refine-

men ts are desirable , most specifically with regard to improving user

interface operations and interpretations.

A substantial effort still remains in the development of t in e  CAFES

system. Tine Computer Aided Crewstation Design Smt ~lel is ye t to be

comp leted . The Crewstation Geometry Evaluation and the Human Operator

Simulation Model are yet to he made compatible wi th the Data Manage—

meri t System so that all submoocis can util ize and interchange input

1-
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3 . 0 (Coot i n i uo no h

. m t m o i  o n r i t p t n  I i n i l ’or nna l  L o r m  . Lint  i i  t i m is t i  tort i S cic t e m p I i - 11 -d , rnoro’

i’ ,’c t c u r - l y e  i n m v m u l v e m e u t  of t h e  l IFE w i l l  be r e q u m i  rn -c l I - t  i - i  1 , - c t  t i m ,

[ n i t  ~ m ’c i i, - tc l go-

\‘c r i  m [c at i o n  and validation c)f CAFES st ib m o d e l s  r i r q u i  res a dd i  t i o n o m  i

I est imi ,~ ann o l  use on bo th current and d e v e l o p m e n t a l  sy s t  enis . S o ’ n m s l  l i v  i t  v

ot i d ~ b i i i  t v  c i f  eat ’li suhn r ode l  to dis crim inate sign - ill icant di f f e r e n m t o-a

hove v e t  t o  be denmons t  rated . Tire in fl uence of d a t a , i , e . , imum a n n

o ;’erctt on r o ’l i a bj l  I t v  , equ ipment  reliability , task perf orniammee time ,

etc . , h i s  v0 ’t t o  be e s t a b l is h ed f or bot h a b s o l u te  and relative ra nki mt G c ,

of candidate c-row sys tem configuration -is.

A ~ so- r ’ s Guide to human fcic ’tors engineer tog tasks , based on specific

e x , u i n c l ’ I C S  f r o m  p r ev ious  sys tems deve lopmen t s  is required to minimize

r~ -c ~ i n i r o r d  e f f o t r t  and to p rov ide  an e f f i , ’i e n n t  nr ean s to t r a i n - i  pe r sonne l

in t i r e  m o - t h i o d s  emp loyed inn h uman f a c t o r s  or c rew sy s t e m s  anal y s i s .

or G e n e r a  i D a t a  S y s te m  Deve lopment  Neeth

D e t a i l e d  development of a structured d a t a  s y s t e m  concep t  ( i . e . , an

iniorni ia t ion system) j~ needed to provide b r  more e f f e c t i v e  d a ta

or~~m nt i .uti omn , storago - , retrieval , in tegration ar-id use. P r o p e r l y

st ructu c~o -d , such ci system could significan tly enhance access to that

m i n i m u m  but s u f t i c ,:ient level of dccciii necessary for [[FE applio cations.

This i!c~ om’ m ,1tjm ’rn systo- :,, built for a b a s e l i n e  m e t h odology soc t mm i s

r e p o r t c - d h e r e i n , co,,nld signifi cant lv reduce or e l i m i n at e  tho ’ need to

start a r id  m h o- ’ o - l t t p  nu e to  c i c u t o m  ~~o - t  s fo r  u - , i m ’ h u  c rc - s system devclo pnt emn t

or m o ! i f b - - at i on to come along. With tine systematic t rameworl-c pro-

vided , and da ta upda tes maintained , appropri ate information would

b0 ine rt ’ r i -I ii ,m - t~~- sS i b c 1 e  art d u s a b l e  t it m omm g l t t n 1 t ~ n t - . i r c h m , t l e v e i o p —

mc ct , t e.~ I ,i~m - i - -v -j i - - - c m  ion p n -_ - -gr~ rrm

S t e i n i-i rnfi r niari , n r-,yste’a is cc rn si de- m e- oi I i g l t l v  di ’s h r - I - I c  b r  manual

c r  0 - s s cn t  i i i f-- c the u,Al- ’L-f Dat o m M, i rc,toc t ’ c,,-c c t Svs tenn -1 )55) .

l7 ’~
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1 .1) (,~~t t n i t  [mmci. ci)

A 0,1cc - t ul Iv dcvo - I op t - o h sL  m n i t  t U t - - I or ,t c c o - s s  to HFE da ta  w i l l  hav e  a

s i g n m i l  i t a n t  i n f h t u , - r m t - t -  i n  n t n i n i m r m i . ’ i n u g  c o m p u t e r  t i m e  and cos t s  b r  t I a r a

s ea rc h I nm l i m o -  i’~ - Pr t - - c - m i t  h o  n mnm , m t t  i r i g i s  compat  ib lo-  WI t i m t h e  p r o t p ~~ k-d

‘ t t n n c o ’ p l  ; i t  r cnma l n n -  t d e c o - l o p  t h c  i n f o r m a t i o n  sys tem . In al l  lik e l i -

hood , t h i s  m it - v t - h  t u b t n r n t - n n  c m ii  be c u t ’ s  L o h  m e e t  i ye j f  c ic c o m p l i sh i e d  to  -

j t , m r , m  l i d  or t o  L l t n ~ ex t  o n s i o m i  of  the baseline process to encompass a

totci l sy s t e m  c o n c e p t .  At  a m n n i n i m u m n t , t i r e  r e s u l t  in g  i n f o r n c , m t i o n  sy s t e m

s t r u c t u r e  would be more appropriate ly postured for system tln-vo’lopmen t

m o n t h S .

o Ce - m n e r a l  CAFI - 5 -\ p p l i  c c m h i  l i t  v

CAF ES r e l a t e d  analyses or submn od el s  a p p l i o - c m t ioos ar e  not l imi ted  to

a i rb o r r e weapons sys tems . A p p l i c a t i o n s  , m r n -  c u r r - - n t l v  being evculuatecl

which  are concerned onl y w i th  FI FE ap p l i c a t i o n s  in h a n d l in g of cround

based equipment and materials tirat a re  e m n : - n ~t I etc V t [ i v o r c -ed runt  m j  t i t e r

tire airborne system or its support equi pme m’mt. Su c h  a p p l i ca t i o n s

include: ground handling anti sort log s y s t  c - c n c s  t ’ n h r o S t c i l t m i i c c ’ lm tpc ’r - i

and packages; t ime d i s t r i b u t i o n, d i s h r u r s e r c t e m m t  , and menu t t t r i n g  c i

airport passenger I c c i t t  I i ’  in t e r i c m i nn a i  a r c - - m a , m i d  t i c , - d e p c m r t m e n n t

rc n o m i i t o t r i n g , d i s b u r s e m e n t , and e o n t r t l  o t  l i r e  f i gh t i n g  m o -mi and e q u i p -

m e n t  l e ad ing  to t r a i n i n g  r e q u m i r o - n m e m i t a .  T i n e  p o t e n t  i~~l l i s t  i s  a lmos t

l i m i t  less since man is i n c l u d e d  in c r u , s t  sy s t o - :c c c ,  i _ s  an m t  o r n n n i u ., ion

p r o c e s s o r , t i n - c  i s ion  maker  and - m t n n t  rd ,m c t u a l o r  in rn - spot - i s o  to  t i m e

i n f t t r m a  t i ot fl p roces sed .

o S ; t o r c -  i tic CAFES Relcmt ed Development s or R ef  i r o n - e m i t s

In  I t r m a t i o n  or d a t c i  t hat  can  be st or ~ ’ tl  t t i  foe  i i  j t a t o -  H F ’E —C M ’E S

ope c i t  ions  I cii low

Si ssion Requirements

— Ucr t  l ine  of s y s t e m  o p e r ci t  i o r ai  r e q u i r e m e m i t s

— Outline of mission scenario

— M i s s i o n  p r o f i l e  dat a

176
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3. 0 ( C o n t i n ued )

Fcnnctiorial Flows

— Sy s t em  conimmoni I un c t ~onns (all aircr mmf t )

— S v c c l c m t r  t y p e  f un c t i o n s  ( e . g . , f i g h t e r )

— M i a s i o n m i  p e c u l i a r  f u n c t i o n s

— Task t y p e s :  visual — motor  — o c o g n i t i v e  — auditory — verba l  — o t h e r

— ‘I cisk action elements

— Q u a n t i t a t i v e  task  f e a t u r e s :  t i m e  — a c c u r a c y  — r e l i a b i l i t

— Qualitative task data: p i lo t  commentary  — t r a d e — o f f  p r e c a u t i o n s  —

re l a t e d  h a z a r d  or accidern t potential

— ‘U , m s k  c h a r a c t e r i s t i c s  amid wei gh t i n g  i n i f o r m a t i o n :  t a sk  c r i t i c a l i ty

r a t i n g s  — t ask  p r i o r i t y  r a t i ng s  — t c m s k  a d j u s t m e n t  d a t a  (mission

s t r e s s , time compression)  — task load r a t i n g

— R e f e r e n c e  t o p i c s  or sources

E q u i p m e n t  Data

— P h y s i c a l  ch a r a c t e r i s t i c s :  d imensions — w e i g h t

— P e r f o r m a n c e  c im a r a c t e r i s t i c s :  pa rame te r s  — a c c u r a c y

— O p e r a t o r  i n t e r f a c e  characteristics: interface features — t a sks  —
tas k da t a  a s abo ve

• — Application characteristics : reliability — cost

— Location constraints: mandatory locatiotn — m a n d a t o r y  ar r a n g e m e n t  —

man datory a c c e s s  zones — o p t i o n s

— Use constrai n-its: pilot commentary — u n s a t i s t c m c t o t r y  r e - p o r t s  — o t h e r

O t h e r  D a t a

— Hum an a n t h r o p o m e t r y

— 1,1 f e  simp ~- o r t  d a t a

— h t h e r

A d d i t i - - : t i  i y ,  c c i~~rec - i -t ~~l: IC 
(
~A m ’l,~ sod- I t e a t c u n c ’ s - m m i i  ~u m : u n v m m ’ i ; r e d  in

b e  I .

mm

1mm

mc
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( r o -c- ,’ -- l  t t  i o n  G o - o m n i e t r v  Ev cm 1 m a t  ion

- Ii j o~i~t - c  , I .  I , , 2 j u r i n m E e r , i-. . l- - , and  C u i n i d a r  i , 1-’. 1.. A Do-v - 1mC 1 )nn ne-nmt in

I m s  k- i- I I (~~- m m m m n s t  cc - , 1)6—53 594 , 1968 ( B o e i n g  A o - r m n s p a  c c -  ( r ou ip  ) -
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APPENDIX A

DETAILED TABULATION OF REPRESENTATIVE FUNCTION-ACTION—INFORMATION

REQUIREMENT S FOR RECEIVER REFUELING

This append ix summarizes a detailed development of function action—

information requirements for one posilbie mi.si.n ugment fo~ a receiver

veh icle—airial refueling . The summary is presented as an examp le, to

show how such information might be developed . More extensive detailing

of indentures is readily ach ievable if more speci f ic implica t ions fo r

:~ utrol—di splay requirements are desired .
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