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ABSTRACT

)

\jzi This report presents results of a study to: (1) develop descriptive
information for the Human Factors Fngineering process in éystem development ,
(2) evaluate the Computer Aided Function-Allocation Evaluation System (CAFES)
for ability to support the process and for desirable refinements; and (3) de-
fine task ind equipment data requirements for CAFES. In the reﬁyl§ing ‘si;gle
thread” description of an approach to performing HFE activities,jrequirements,
methodology and examples of a manual approach are presented. These are
followed by brief descriptions of CAFES models and their capability to support

the process. Candidate concepts for further refinement and application of
CAFES are included.
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1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION
0.0 General

Objectives for this study effort were to develop and provide an explicit
human factors engineering (HFE) analysis procedure that would apply 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) analvtic
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 with
CAFES.

o Provide an initial definition of equipment data requirements, and

concept organization/listing for use with CAFES.

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

L Summarize HFE objectives in system development programs.

2o Develop a description of an HFE analytic process that would satisfy
the objectives, including
a. Detailed description and examples for a baseline analytic process.

b. Summary information on HFE methods and data requirements.

Summarize CAFES features, outputs and uses in supporting the baseline.
4. Identify correlated CAFES data requirements and desirable refinements

to support the HFE process.
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| il Background

Conditions leading to this study related to existing CAFES development 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,
the overall scope, coverage and flexibility were so broad that it could be dif-
ficult for a new user to comprehend and effectively use CAFES during an initial
exposure. Accordingly, it was desirable to develop an applications approach
that 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

TAM - Functions Allocation Model

WAM - Workload Analysis Model

CAD - Computer Aided Design

CGE - Crewstation Geometry Evaluation
HOS = Human Operator Simulator

Several methodological and performance limitations related to the HFE 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 Systems, 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 HFE analyst.
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Most specifically, the requirement was that the analytic process selected
as a concept for a system development program would precisely, clearly 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 HFE 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 sufficient flexibility, freedom
and time 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
be 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, descend, land, and all have many common operating
requirements). In practice, the dilemma has been frequently resolved by
taking a calculated risk based on judgement derived from professional expe-
rience. However, resulting effectiveness has varied. Alternatively, a
preliminary concept 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 system.

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 efficiently and effectively kept in

the CAFES loop without generating undue, detailed programmer-type activity
leading to increased analytical workloads. This would include the analyst's
involvement in:developing and maintaining an overall concept for the develop-
ing hardware system; reviewing, updating and monitoring "routine" informa-
tion to detect problem areas and modify information as required; and having
ready visibility and traceability for potentially critical problem areas in
order to focus attention where needed to resolve such problems. It would
also include provision for the analyst to develop new information as required,

and readily incorporate data in the CAFES structure.

B AN
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1t was considered imperative that the analyst continually participate in

task development and that his capabilities be optimally employed, so that

the submodels provide the necessary details, organization and information

to reflect the most effective application of his professional experience,
judgment, skill, intuition and insight. Such expertise could be beneficially
used when innovative solutions to difficult problems are needed. This
essential and critical element of the user interface was to be retained in
the 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 significant
problems in determining and evaluating compatibility of human factors data.
There was even a question as to whether data has to be compatible or com-
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 HFE 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 HFE process )
in a system development program. Basic elements of methodology that existed

have been manually developed and correlated to provide a systematic step-by- )
step procession and correlation of system concepts, missions and functions i
through detailed task analysis, task timelines, workload and design-development ‘
evaluations. The need remained to clarify the rational elements within each }

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

gression most compatibile with both user and computer modeling requirements.
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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

relatively standard procedure that could be readily applied as one concept
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 process 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 for a hardware
system and for associated use of CAFES. An added desire for the approach to
be outlined herein was an attempt 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 concept 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

methodology/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 over 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 and would readily

transition to a specific aircraft concept for early CAFES applica-

tions refinements.)

o Evaluate the approach adopted in terms of: (a) implications for most

beneficial CAFES submodel refinements, and (b) reverse implications

of CAFES on the HFE approach.

(%)
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2.1.2

(Continued)

Determine user interface implications 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
interpretation.

Develop an initial data concept and organization-storage scheme for

incorporating data in the CAFES Data Management System according to

a standard format.
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1.2 SUMMARY

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

use of CAFES, and data needs. It provides:

0 Summaries of the HFE role and responsibilities in a system development
program
0 Development of a pragmatic methodology for performing HFE tasks in a

system development program
Q Relationships of CAFES submodels and operations to the methodology

(o) Outline of task and equipment data needs to accomplish the above.

Human factors engineering objectives include philosophy, concepts for an
overall 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

approach for comprehensive coverage, integration and detailed development of

such information.

A baseline process methodology is developed and presented to reflect an
approach to performing a systematic progress of task activities in HFE
efforts for system development. The methodology employed outlines the
approach to be taken, relates the steps in the approach, and provides for
developing the systematic and integrated progression of HFE activities to
assure that sufficient levels of detail to cover all potential areas of
examination have been included. Examples of each portion of the developed
methodology are carried to enough detail to provide the human factors analyst
with guidance in application of the methodology, and in the selection, prepara-
tion, use, and interpretation of results when using CAFES submodels. The
approach is tailored toward use in Naval Weapons Systems devélopment but it
should be remembered that the methodology and CAFES submodels have wider appli-
cability. The methodology appears to be applicable to non-weapons sytems
development (e.g., command and control; air traffice control) in addition to

providing an indication of training, manning, and procedures reguirements for

each system.
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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 concept summary is provided for each submodel

as appropriate, and submodel system requirements specifications are included to
reflect a summary of submodel objectives and features. Similarly, submodels

incorporated in CAFES are correlated with the baseline process, and

particular data needs are highlighted.
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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 means an
entirely original 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.

2.2 % General Human Factors Engineering (HFE) Role

The Systems Development Process encompasses those activities neccssary to
conceive, define, design and acquire a system capable of performing the
desired activities within specified limits of acceptability. HFE activities
are part of this definition and acquisition cycle since people are an
integral part of the systems. System operators or crewmen are included
primarily because of their information processing capability, their decision
making capability, their ability to generate small forces at proper times
(i.e., control movements, switch actuations, etc.) as controlling functions

for implementation of subsystem activities.

The entire systems development activity of the Human Factors Engineering
analyst is dedicated to optimizing the capabilities of the man-machine
combination. This task is to effect maximum information processing and
control in system operations, within the required time and accuracy con-
straints, and to provide the human operator with the interface for deter-
mining and effecting necessary changes in operation. Fullest achievement
requires analysis and confirmation of man-machine interface provisions for

all subsystem activities, as such activities fluctuate in normal operations

or in degraded operations throughout the system mission.
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2.1.1 (Continued)

Accordingly, and during a system development, HFE technology is responsible

for organizing information and performing trade-offs to define and allocate
functions to man and equipment, 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 applications is in providing task-

equipment inputs for training and procedural considerations.

In turn, large quantities of pertinent information are generated during
the 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 recording
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 example,
baseline Functional Flow Block Diagrams could provide a wealth of infor-
mation applicable to all generic weapons systems developments, properly
and formally 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. Individual subsystem implementation 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 operation, e.g., Pre-Flight, Taxi, Take-off, Climb, Cruise, etc.
The deviations may be readily identified by the human factors analyst and

specific requirements and provisions for task activities adjusted accordingly.

However, the scope of information, areas of concern and interactive elements
are such that methodology, in addition to being applicable to the question
at hand, must be manageable in both time and manpower requirements. The
techniques 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 be capable of utilizing existing data,

10
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285 (Continued)

be capable of updating as new information becomes available, and be available

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 flow concept to develop a range of similar baselines for generic

weapons systems developments (e.g., aircraft, ships, command-control-communications
svstems) will enhance the capabilities of the human factors engineer to rapidly

and effectively establish design information for a future development of new
systems. The groundwork for establishing most 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

judgment and experience of the human factors analyst, can provide many timely

answers to systems designers. Thereby, {nitial original designs and configurations

may incorporate desirable human factors refinements before system concepts
or physical structure become fixed.

11




2k, 2 General Human Factors Engineering (HFE) Responsibilities

and Requirements

During initiation of a typical system development program, the HFE 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 for, at any level of system control, operation and mainte-
nance. Additionally, he must identify and help resolve any significant
technological questions or data gaps that will impact the development

program and resulting mission effectiveness.

Accordingly, the scope of the HFE 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 HFE tasks most effectively has

been limited. Each new system features a distinct set of parameters that
can significantly impact human performance and support requirements.
Effective performance of the tasks requires a comprehensive knowledge and
integration of system mission and functional 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 significantly change the operator 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 effects is cumbersome, time consuming and tedious. The level
of detail that may be required (particularly for routine and familiar
concepts) is objectionable to most analysts, with a most frequent complaint
being that they are''re-inventing the wheel" in performing comprehensive

analyses.

12
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2.2.2 (Continued)

On the other hand, even very early system development needs may require
detailed information and long range developmental/operations forecasting

by the HFE analyst in order to avolid eventual system mission limitations,
constraints or retrofits because of human factor limitations. Timing,

scope and foresight of the HFE specialist thus become critical in this
process. Even in early conceptual phases of system development, he must
complete a preliminary effort that includes (1) appraise the mission,

(2) determine the system functions, (3) assess the resulting crew functions,
tasks and task elements, (4) trade whether most effective performance would
be by man or machine, (5) identify crew task features and associated crew
capabilities and limitations, (6) develop probable control-display require-
ments, features and candidates, (7) define and perform individual capability
trades 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 HFE time required can become extensive,
the process is iterative throughout system development, and continuing review
is required to reappraise preceding decisions in context with developing
hardware features. Concurrently, more detailed levels of system definition
emerge and associated HFE 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
Review Council (DSARC) and the four phases involved (Table 2.1-1). Second

is the detail requirements for HFE 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-offs by the HFE (a top level summary is presented in Table 2.1-3; detailed
considerations, constraints and data ramifications expand dramatically from

this level).

13




Duve lupmunt
Phase

PRE-DSARCH

General
Operationil
Requireacat
(GOR)

Tentative
Specific
Operatfonal
Requirement
(TSOR)

Propesed
Technical
Approaches
(PTA)

Specific
Operational
Requirencne
(SOR)

or

Advanced
Development
Objective
(ADO)

Technical
Development
Plan

(TDP)

DSARC 1

Request for
Proposal
(RFP)
Preparation

1)
2)

3)

1)
2)
3)

4)
5)
6)

1)
2)
3)

4)
5)
6)

1)
2)
3)
4)
5)

1

2)
3

-~

4)

1)
2)

3)
4)

5)

Human Enplneering Responsihilie

TARLE

ldencify porentlal HF
Develop pross performance criteria

Assess relevant HF data avatlabilicy

Analyze critical HF problems
Analyze mission functions/tasks

Preliminarvy man/machine (M/M)
allocation

Estimate system HF efforts
Identify critical interface problems

Develop initial apprcaches for
alternate coacepts

Develop detailed mission scenario
Perform m/m tradeoff studies

Perform preliminary operability
maintain/analysis

Develop design optimization
Def ine explicit operating concept

Select technical approach and develop
HF test plan

Prepare detail HE test plan
Update previous HE analysis
Develop operator station

Conduct trades and prepare specs

Perform operability and maintainabilfity
analysis

Define m/m allocation criteria and
revise allocation and info flows

Develop operdtional sequencing diagrams

Refine HE data and define HE technical
program

Develop RFP work statements, system specs

and proposal evaluation criteria

Analyze problem areas identified in RFP

Integrate HE contributions to prel.
design of baseline configuration

Update all HE outputs and cmwpitical data

Expand functlonal analysis and alloca-
tion to final level

Finalize RFP statement of work
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2.1-1
SUMMARY OF HUMAN FACTORS ENGINCEPING QEOUTKEMENLES AND
RESPONSIBILITIES IN A DEVELOPUENT PROGRAM

__Ioput Requirements

1) Cross op. requirements
2) Technolagy forccasts

3) Alternare des./op

1) Outputs from COR phase

2) System time/cost
constraints

3) Alternate des./op
concepts

4) Empirical performance
data

1) Outputs from TSOR phase
2) Hardware/software/op.
3) Mission requirements

4) Select design charac-
teristics

5) Empirical performance
data

1) Outputs from PTA

2) Subsystem interface
requirements

3) Design optimization
trades

4) Cost/schedule estimates

5) Empirical data

1) Outputs from SOR or
ADO

2) Revised requirements,
design concepts and
m/m allocation

3) Results of trade
studles and system
tests

4) Fmpirical data

1) Outputs from TDP

2) Specific hardware
requirements and costs

3) Human pert. require-
ments

4) Updated design,
layout and plans

$) Empirical data

.__Outputs

—
~

1)
2)
3)
4)

5

~

1)

2

-~

3)

4)

1

~

2)
3)

4)

2)

3)
4)

Potenttal HF problem
definftion
Performance/operating
criteria

Cross mission scenar (o
Function flow chart
M/M task allocation

Man/machine interface
definition

Recommended technical
approaches

Performance goals/
requirements

Operator /maintenance
skill requirements

HF concepts and data
for PTA preparation

Tech. approach and
test plan

Operability and maintain-
ability goals

Detailed HE plans

Expanded station
design concept

HE system specs

Revised data and
concepts

Initial RFP work
statement, system
spec, etc.

Major problem area

HE technical program
plan description

Finalized RFP SOW to
be issued to contract




Development
i

Proposal
Evaluation

DSARC_IT_
Prototype
Development,
Evaluatioun
and Firsc
Flight

Deployment
Evaluation

DSARC_I11

Production

mase 2.1-1  (Continued)

___Human Eagloceriog Respons(bilit!

1) Evaluate contractor proposals {n terms Same as above plus outputs
of adequacy of: from KKV
a) Understandic 0! the role of HE

relative to overall system
b) Soundness of approach
¢) Design tradeotf parameters

d) Propoied solutions to special
HE problems

e) Mockup, development and utflization

£) Test and evaluation plans and
methodologics

2) Identify critical areas not noted by
contractors

1) Farticipate {n detail desigas for air-
craft and subsystems and support and

trafning equipment models used

2) Perform tests to verify man/machine
performance/procedures

3) Monitor detail enginecring changes and
note problems

4) Develop plans and procedures for
training

5) Evaluate and rcview progress reports

6) Inspect and evaluate prototype

7) ldentify special problems and coordi-

nate with contractor for optimum
solutions

8) Conduct laboratory, ground simulation
and flight tests to evaluate HE per-
formance (e.g., time and motion, work
load, job aids, m/m interface)

9) Participate in development of detail
plans for first flight

10) Redefine operability and maintain-
ability goals

11) Test and evaluate maintenance and
training equipment and procedures

12) Develop recommendations .for improved
system design and operational procedures

1

-~

lTdeatify and evaluate operational
deficiencies

2) Propose new technology feasibilities used

3

-

Update data bank and replace previous
estimates with operaticnal data

4

~

Re rise technical training and
maintenance manuals

—
~

Ensure production unit comply with
contract

Same as above

__Input Kequiresents

Varying according to
types of component

Vary according to types
of component models

Outputs i3

Wrltten reports of each
task

1) Mockup demonstyiaticn
data

2) HE design specifi-
cation document

3) Detailed desiga layout
or work stLation and
equipment performance
specifications

4

~

Detail plans for flight
test, training and
operation

S

~

Specific recommenda-
tions for design and
procedure improvements

Updated HE technical
manuals

6

~

7

~

Training and maiatenance
manuals

1) Finalized operational,
design, training and i
maintenance documents F
and manuals

2

~

Updated HE technical
program specifica-
tions and operational
data

Written reports of each
task
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TaoLt 2,1-2

OUTLINE OF MIL-li-46855%

Ceneral Regulrements

3.1.1 Scope and Hature of Work
o Agaly:ls
o Design/Development
o Test and Evaluation

3.1.2 Human Fnplacering Program Plan and Ocher Data
3.1.2.1 Human Enginecring Program Flan
3.1.2.2 C(hanges to the Human inglneering Program Plan
3.1.2.3 Other bata

3.1.3 Ncn Duplication (of FEffort)

Detail Requirements
3.2.1 Analysis
3.2.1.1 Defining and Allocating System Funcrions
3.2.1.1.1 Information Flow and Processing Analvsis
3.2.1.1.2 Estimates of Potential Operatcr/Maintainer Processing Capabilities
3.2.1.1.3 Allocation of Functions
3.2.1.2 Equipment Identification
3.2.1.3 Analysis of Tasks
3.2.1.3.1 Gross Analysis of Tasks, Involving/Providing
1. Determine System Perfotrmance Can Be Provided by Proposcd Personnel-Equipment Capabilities
2. Assure Human Performance Requirements Do Not Exceed Human Capabilities

3. Input Data for

o Preliminary Manning Levels
o Equipment Procedures

o Skill/Training Requirements
o

Communication Requirenents

4. Critical Human Performauce

5. Fossible Unsafe Practices

6. Promising Improvements in Operating Efficiency

3.2.1.3.2 Analysis of Critical Tasks

1. Identifyving
o Information Required by Man, Including Task Inftiation Cues
o Information Available to Man
o Evaluation Process
o Decl<ion Reached After Evaluation
o Action Taken
o Body Movements Required by Action
o Workspace Envelope Required by Action
o Workspace Available
o Location/Conditfon of Work Environment
o Frequency/Tolerances for Action
o Time Base
o Feedback on Action Adequacy
o Tools and Equipment Required
o Nunber of Personnel Required and Specialties/Experience
o Job Atds/References Required
o Speclal Hazards Involved
o Operation Interaction Where More 1han One Crewman is Tnvolved
o Opecratfonal Limits of Muan (Performance)
o Opcratfonal Limits of Machine (Statc-of-the-Art)

2. Covering Al) Affected Misston/Phases, Including Degraded Modes of Operation
3.2.1.3.3 Loading Anitlysis

2. Crew Workload Anilysls o

Indfvidual Crew Meaber Workload Analysis Compared with Performance Criterla

vmpared With Performance Crirerls

3.2.1.4 Preltatnary Sy<tem amd Subsystem Deslpn
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3.3

3.4

At 2,1-2  (Continued)

3.2.2 Human Fuptneering Stodies, Expociment i and Laborotory Tests
3.2.2.1 Studies, kepertmonts and Laboratory fests

A Mackaps and Models

o
~oe

3 1.2 Dyoamtc Staulattfon

22.2.2 Equipment Detai) Destpgn Deawlings

2.2.3 Work Envirvument, Crew Statlons and Factilttles Design
o Atmospherfc Conditfcns

o Weather and Clinute

o Range of Accelerative Furces

o Acoustic No'se, Vibration and lapact Forces

o Proviston far Humain Performance During Weliphtles.n

o Provision for Minimizing Disorientation

o Spa 2 for Crew, Activity and Equipment

o Physical, Visual gud Auditory Links for All Man-Equipmeunt Interfaces
o Safe, Frficient Walkways, Stairways, Platforms, loclines

o Provision to Mininize Psychophysiological Stresses

o Provision to Mini{mize Fativue - Physical, Emetional, work-Hest Cycle
o Effects of Clothing, Personal Equipment

o Equipament Handling Provisious, I[ncluding Remote Handling and Tools

Protection from Hazards - Chemical, Biological, Toxicological, Radiological, Electric:l,
Electroumagnretic

o Optimum Illumination Per Visuil Tasks
o Sustenance, Storage and Sanitation
o Crew Safety Protection Relative to Mission Phase and Contrcl-Display Tasks
3.2.2.4 Human Engincering in Performance and Design Specifications
X3 !ulprmnt Procedure Development
3.2.4 Human Enginecring Test and Evaluation
3.2.4.1 Planning
3.2.4.2 Implementation (Include As Applicable)
¢ Simulation or Actual Conduct of Mission/Work Cvcle
o Human Participation Critical to Speed, Accuracy, Reliability, Cost
0 Representative Sanmple of Non Critical Scheduled/Unscheduled Maintenance Tasks
o Proposed Job Aides
o Use of Representative User Persounel, Clothing and Equipment
o Task Performance Data Cecllection
o Task Performance Discrepancies - Required vs Obtained
o Criteria for Acceptable Pertormance
3.2.4.3 Failure Analysis (Muman Error Factors)

3.2.5 Cognizance and Coordination (Interdisciplinary Integration)
Data Requirements Per Coatract Dara List
Data Availabil{ty to Procuring Activity

Drawlng Approval by HFE for Man-Machine lnterfaces
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TABLE 2..1-3is

REPRESENTATIVE OPERATOR PERFORIIANCE

VEARIABLES

Human Factors Interface
(Information-Control Factors)

PERFORMANCE FACTORS/CONS

TDERATTONS / TRADE-OFFS

(CAFARTLITIES/LTMITATIONS/CONSTRATNTS)

Data Sensing Modes
(Display Modes-Vision; Audition,
Tactile; Muscléposition/Kinesthesis,
Smell)

Access/Displav Location
Functional Requirements/
frouping
Sensor-Function/Capability
Tvpe/intensity of Signal
Discrete/Cont innous/
Intermittent Signal
Accuracy
Reaction [vpe/Time

Logic Piagrams
Pattern/Trend Inform
Displav Correlation
Displas

vmbology “ethnds
Displav Clutter
Feed Back on

Static/Dynami

tatus/Change
Cueing
Direction of Movement Cues
ize/Shape/Color

Coding/

Reliability
Criticality/

Error Impact
Resolution/

Sensitivity
tarigue/Alere-

ness
Trainability
Other

Decision/Judgment Factors
(Data Interpretation-Processing/
Integration/Diagnosis/Prediction)

Tvpe/Number of Steps

Extent of Integration
Extent/Type of Diarnosis
Problem Complexity
Procedures Complexity
Displav~Control Correlation

Cormunication Requirements
Conflicting Factors
Ambiyuity in Data

"Set " /Expectancy

Displav Fmphasis
stress/Criticalijty

Enowledpe/

Familiarity
temorv Fetention
Habits

Trai

nability
Other

Control Operation Factors
(Manual/Motor Capability
and Skills)

Access/Control Le ation
Functional Requirements/

Grouping
Roactiorn 7

Force/Dist
Discrete/Continu
Intermittent Actions

evilon

us/

Correlated Displays
Correalated Actions
fiperations quence/

¥ ene y SR EaCAdET

Logic Dagrams
Coding (Designation/Size/
Shade)

Procedures

Reliability

Error Impac

T B mpiecion
exterttry/Retentior
Trainability

York Space fnvelope
(Station Lavout/Human Anthro-
pomerrv/ifobilitv Required)

Displav-Control
-Arrangement /Funct ional
Grouping (Position Corre-
lation)

-Access/Reach

Motion Links/Constraints
Time

Procedural Interrelations
Workspace Size/lavout

Cther

Envircnmental Lighting Airflow Emergencies
(Genieral Impact on Performance/ Temperature Fatipue/Alertness Operating Stress/
Phvsiology) Humidity Noise Constraints

General Priorities Operations Criteria Workload State-of-Art

(Overall Effects/Constraints)

Stress
Time Constraints

-Nualftative

~Ouantitative

Safetv
Standards

Tradition/Acceptance
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31,2 (Continued)
In practice, achieving all HFE requirement and objectives has been a massive
and complex job. There has been no generally accepted and applied standardized

approach, nor has there been any precise and systematic definition of the
processes involved. HFE approaches have been highly individualized and
heavily dependent on professional experience, skill and judgment. Initially
individuals used the approach that best suited their own needs s required,
to define and maintain an overall system concept, to identify and track
relatively routine areas of development, and to identify and resolve unique
or critical problem areas. Unfortunately, the record demonstrates that

many areas were overlooked. Use of the more intuit ive, individualized
approach became even less satisfactory with the advent of increasingly

complex systems.

HFE system analysis techniques were developed to provide a more systematic
progression of methods that would enhance quality, impact and thoroughness
of technical effort. Analytic methods that evolved parallel the require-
ments of MIL-H-46855 in supporting system development from early concept
formulation through detailed analysis and critique of task performance
requirements, capabilities and workload. However, applications of many

of the methods arestill in the evolutionary stage, and there has been
inadequate development and correlation of information in the sequence of
methodological steps, so that outputs from one step are not yet clearly
defined inputs for the next. More systematic applications remained
heavilyv a function of individual expertise and judgment: in skipping steps,
in using intuition and insight, and in "optimizing" the risks accepted in
making short cuts. Redundancy between systems still carricd some of the
notion of "re~inventing the wheel" and a tendency to avoid some elements

as unnecessarv. Unfortunately there remzined a corresponding risk of
overloc.ing key data elements, of ignoring an unfamiliar problem area,

or of failing to perceive the implications of a new context for traditional

or routine svstems and equipment concepts.

In summary, the basic approach sequence for HFE requirements is outlined
in MIL-H-46855. However, applications have lacked in consistent utilization

of a precisely defined and systematic procedure. 1In turn, computer modeling

19
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2.1.2 (Continued)

has 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 suit alternative approaches. On the other
hand, if an approach were adopted, developed and stored to offer information

rapidly, and with little or no effort by the analyst, it would very likely

be used extensively.

The Computer Aided Function-Allocation Evaluation System (CAFES) is a
computerized design tool being developed to assist the human factors
engineering analyst in system development programs. Basic features are
summarized in Table 2.1-4, reflecting both a correlation with many of the

requirements of MIL-HE-46855 and capabilities for resolving some of the problems

described in earlier text. CAFES is a crew systems design support tool

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

and data management needs. It is intended to support crew systems

engineers in system development efforts, including man-machine research,

requirements analysis, design, test, training, and maintenance systems

development. Principle advantages are that: it can be applie! extremely
early in concept development to retrieve, structure and use available
information, it can continue to be used as a developmental tool and as a

recording system for on-going project efforts, and 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 satisfy 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, much of the manual organization of
concepts and data could be pre-constructed and stored in the CAFES framework.
Accordingly, the analyst could avoid excessive involvement in detailed
concept structuring or programming type operations. Instead, he could use

and manage the pre-stored data by exception or by refinement and expansion.
Accordingly,

it would be easier to use the pre-structured baseline as a
‘spring off" for added developments, than to become heavily involved in

organizing relatively routine concepts and data.
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TABLE 2.1-4:

CAFES ELEMENTS APPLIED TO WFAPON SYSTEM DEVELOPMENT
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21,2 (Continued)

The present study was thus to develop a baseline approach for HFE analysis
that would support all requirements, provide an initial concept for a
future system, and provide a reference model for identifying candidate
CAFES refinements. An essential 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

as part of the process, so that he could understand and use CAFLS 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.

Off load routine data retrieval, organization and calculation functions.

Basic CAFES structure provides considerable assistance along such lines.
The intent of the 'single thread baseline' concept was to establish 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 contrast to analyst

needs and capabilities as an evaluator, decision maker, problem solver

and innovator.
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o2 ANALYTICAL PROCESS DEVELOPMENT

Evolution of a baseline process methodology for HFE activities has been in
developmental stages for many years. This is the set of activities, and
the sequence of events, which are undertaken by the human factors analyst
during a system development cycle. A number of approaches have been
developed as each of the HFE activity elements has been examined, changed,
altered, added to, excluded, given different emphasis, resurrected under

E different titles and had format and content altered. Throughout this

evolutionary process (which is still going on) there has been an evolution
4 of a more consistent set of definitions, a general agreement on the ordering

of the elements and a general agreement on the definition of the elements.

Production of a baseline human factors engineering methodology with
intended use of the CAFES submodels as an integral part is a unique under-

taking. The processes and techniques involved in CAFES are not new but

in the past have required manual efforts of such duration as to frequently
1 render the results more of a verification of previous decisions than a

‘ design tool to be used during the development of the weapons system. The
: use of computer computational speed and capacity to support the process in
i CAFES provides for quick, accurate data retrieval, organization and calcu-

lations, and also the storage and processing capacity necessary for a

i newer analytic mode -- to begin comparison to alternate solutions within

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

Producing initial weapon svstem mission functional flow definitions will

still be laborious and time consuming, but because of redundancy and |

commonality between systems (e.g., between aircraft) can be used indef-
initely. [t is only necessary that new system elements or unique mission

related functional requirements will require definition for a new applica-

L

tion of a weapon system. Analysis and comparison of alternate functions
allocations and refinements anywhere in the analytic structure will be

readily and quickly accomplished in CAFES, and presentation methods are
available tor the analyst to comprehend and interpret data, implications

and results.
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2.2 (Continued)

Development of a baseline process has required re-examination 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 acquiring and helping to apply useful, comprehensive, comparative and
absolute data. These data processes and calculations are needed from
early functions allocations through detailed evaluation of physical 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.
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7R Baseline Process

More general but typical areas of HFE activity during a system development
cycle are illustrated in Figure 2.2-1. This figure provides a summary of
the types of efforts and expected inputs. A summary concept for the
overall flow of HFE task processes is shown in Figure 2.2-2. This figure
summarizes the internal working relationship for HFE tasks and illustrates
directly or by implication the interelationship of these tasks with hard-

ware, software, manning, training and procedures activities.

The specific Baseline Process "single thread" Methodology sequence adopted
for purpose of the present study is diagrammed in Figure 2.2-3. The
approach outlined identifies both specific HFE efforts and their sequencing,
for a system development program carried out from early concept formulation
on through the design and development process. Subsequent discussion in
this sectiop. on Analytic Process Development expands on the approach by
providing summary descriptions, by outlining any particular restraints

or ground rules for application, and by providing examples as appropriate.
This approach provides for developing the information that was required

bv 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 retrieve and
organize such information as exists and is recorded in a meaningful,
useable format, and can initiate an analytic process that can be used

through system development.

zlylick Operational Requirements/Mission Profile

The general system operational requirements are an evolving composite of
requirements starting with the General Operational Requirement (GOR) and
progressing through the Specific Operational Requirements (SOR) as was
illustrated in Table 2.2-1. The operational requirements define the
system for developmental consideration and outline the limits of operations
necessary for the fulfilling of the weapons system mission activities.
During the progressive evolution of the system, iterative updates and
expansions are incorporated from various analysis, evaluation, production

and user groups. A detailed and complete definition of system operational
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[Crew Size Definition | Typical HFE Activities

L Performance /Operational Criteria Definition j
[ HE Problem Identification/Definition |
L Data Retrieval and Update j

LMan—!\i:xchine Function Allumtioﬂ

[ Man-Machine Interface Analysis ]
Lg)st—Effectiveness Trades—Approach l)efinitionJ

L Test. Demonstration and Evaluation -J
LSys’tcm Specs l)cvclupmcnlj
meliminury Desion and L’l}()lll]

> : ; End of
L Detailed Systems Design , 10C Secvice
) 14
LYears 1 7o 4 5 6 7 8 9 i

Planning, Adv Development “Contract Award 2 First Fught

FIGURE 2.2-1: SYSTEM DEVFLOPMENT CYCLE- HFE ACTIVITY AND SUPPORT AREAS
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2.2, 1.1 (Continued)

requirements provide the judgemental criteria by which elements of the

weapons system may be compared and evaluated for mission suscces

probabilities.

Even initial general requirements will include such features as the
types of activities to be performed, the duration of each activity
required, physical characteristics necessary to satisfy system functions
to be performed, and perhaps the desirabie crew complement to perform
the necessary functions. Initial HFE task activity will include identi-
fication of any human factors problem areas and general performance-
operating considerations, requirements and crtieria. As the concept

definition evolves, such activity will become similarly more definitive.

During early definition of operational requirements and associated opera-
tional descriptions, an initial mission profile (such as is illustrated
for aircraft in Figure 2.2-4) can be constructed to graphically depict
major requirements in the form functional elements in the profile. FEach
functional element (or functional requirement) describes a segment of the
mission. Each segment is self-contained, that is, it has a clearly
distinguishable start-to-complete operation, setting the stage for

subsequent indentured breakdown for more detailed functional requirements.

. [P Mission Scenario/Gross Timeline
Mission Scenario

The Mission Scenario is developed from the mission profiel and operational
requirements. In narrative form, the Mission Scenario verbally describes
the events which make up the full mission or segments of the mission,
summarizing typical operations, assumptions, mission environment and
mission events that might occur. Key events in normal and degraded
operations are identified and explained in an operational context to
ensure that all requirements can be identified and are examined during
the course of the evaluation. The scenario provides the source of infor-

mation needed to confirm understanding of desired system operations,
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71N O (Continued)

| to detail system functions, action and information requirements, and to
|

develop a detailed functional flow.

The scenario is one of the many critical segments in the early definition

of weapons systems requirements. Because the scenario reflects integra-

tion of operational requirements, it is the initial source of information

to establish such system elements and constraints as are related to crow

size, crew functions, and equipment candidates. All decisions throughout

development will ultimately refer back to the initial requirements

definition and scenario to resolve any conflicts of judgement or equipment

selection and use.

Flements of the scenario must, at a minimum, be sufficiently detailed
to convey a comprehensive understanding of the mission, and to permit

break out of variations relating to such features as (1) the phases of

the mission, (2) the type of activity performed in each phase, (3) the

{ degree of accuracy, (4) any interdependencies of activities as to timing,

‘ information transfer, etc., and (5) the functions allocated to specific

rvpes of hardware,to a crewman or to a combination of tte man and a

ubsystem.

Scenario narrative usually is capable of providing the above information.
| The narrative form often provides more information that is necessary for
subsequent analytic steps, but it does assist in establishing an implied
boundary to the scope of mission concept and operations which may or nay
. not be established by the operating requirements or design specifications.
The provision of a narrative scenario also provides an early opportunity
for re-evaluation of mission concepts and definitions to ensure system

mission, objectives and requirements are clearly defined and described.

et

The following example of a narrative scenario (modified from reference 43)
is included in this section to provide both an illustrative example and
a basis for examining the Functional Flow Block Diagrams which may be

generated from the scenario. As will be evident, it would take very little
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2o (Continued)

additional information to incorporate and fully describe detailed criteria
and capabilities of all systems, including operating constraints and key

failure modes.

Scenario Example: VFA-V/STOL Aircraft. Close Air Support

Sea Control Ship - 81 (SCS-81) is on station 160 miles Southwest of the
battle area. At a pre-dawn briefing VFA-V/STOL squadron pilots are
informed that major ground offensives are to be initiated at daybreak.

It is anticipated that Close Air Support (CAS) will be required and two
of SCS-81's VFA-V/STOL's have been configured for this mission; anti-
personnel and armor piercing munitions have been loaded, the modular CAS
peculiar avionics have been installed, and all auxiliary CAS software has
been loaded. Routine briefing information is exchanged-including weather,
anticipated defenses, modes and codes of the day, departure and battle
area communication frequencies, and launch times. The two-man flight

has been designated Yankee Flight. Detailed pre-flight inspections had
been completed earlier and the pilots quickly move to their aircraf*

and start engines. System checks are run while that equipment requiring
initialization is brought on line. The first VFA-V/STOL is spotted,
launch clearance is obtained and a short takeoff (STO) is executed.
Figure 2.2-5 depicts the mission graphically and Table 2.1-5 contains

the mission segments, or phases.

Yankee Leaker takes off, retracts gear and flaps and begins transition

to completely conventional flight. A quick glance at his emergency/warning
multi-purpose display re—assures him that all systems are functioning
properly. He begins a climbing turn to the selected inland heading and
visually spotting his wingman begins accelerating to maximum endurance
airspeed and altitude. He notes on his horizontal situation display the
electronically generated way points and check points superimposed over
the projected map presentation. Switching UHF frequencies, Yankee Leader
contacts the Direct Air Support Center for his specific assignment and
enroute clearance. He and his wingman are assigned to Airborne Forward
Air Controller-Alpha (FAC(A)-Alpha) and are given a vector to Alpha from
their coast checkpoint. The outbound cruise is routine. The passive
threat detection and warning system is very quiet; the radar is placed

in standby, and the prominent coastal checkpoint will be acquired either
visually or electro-optically.

At dawn the ground feature check point is detected and confirmed by sensors
at an extended range. Yankee Leader raises Forward Air Controller-Alpha
FAC(A)-Alpha on the pre-assigned secure communication channel and receives
his specific mission assignment and a more complete briefing. FAC(A)
informs Yankee Flight that an advance enemy force has moved up during

the night and will soon be within striking distance of a strategic

friendly position. The enemy force consists of many troops, light armored
vehicles, and rocket launchers. Recent experience has indicated that the
enemy will also be equipped with advanced capability portable infrared
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Scenario (Continued)

homing missiles. There is no enemy air support. Preparations are under-
way for defense against the imminent attack. FAC(A)-Alpha provides an
updated vector from the coastal checkpoint and assigns Yankee Flight a
loiter position. Yankee Leader provides an estimated time of arrival
(ETA) and crossing the coastline performs a navigation update, reduces
power, and drops to a terrain following altitude. The penetration route
has been chosen to minimize detection. No known enemy radar sites are
along the route. There are no rockets indicated by the threat detection

and warning set. Anticipating his upcoming strikes, Yankee Leaker reviews
his ordnance load.

Reaching the loiter point, Yankee Flight re-establishes contact with
FAC(A)-Alpha for update and target information. Alpha reports that
friendly 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 be executed visually, Yankee Leader selects
a tactical presentation and selects the air-to-ground mode on his elec-
tronic displays. Also, since the enemy is still removed from the friendly
forces, Yankee Leader decides on a low-level approach, pop-up, and rocket
attack. In order to take maximum advantage of a possible suprise element,
Yankee Red will execute the same attack from a different heading. VYankee
Leader designates the reference coordinates on his tactical display for
steering commands; due to the relatively flat terrain he selects a narrow
field of view (NFOV) for the display on the Vertical Situation Display
(VSD). Verifying and arming his ordnance selection, he coordinates with
Yankee Red and initiates his low-level, high speed dash. Maintaining a
precise heading, Yankee Leader detects his target several miles 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
attack has eliminated two of the enemy rocket launchers. Yankee Red has
equal success a few seconds later. Circling high above the battle area,
FAC(A)-Alpha reports that the remaining rocket launchers are moving to

what little cover there is, while ground troops and many small vehicles
are advancing.

Yankee Leader and FAC(A)-Alpha, in conjunction with the FAC(G) (Forward

Air Controller-Ground), decide upon additional, low level strikes utilizing
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 missiles.
After coordinating with FAC(A)-Alpha and Yankee Red, Yankee Leader
initiates his return to the battle. Slewing the high resolution sensor

to designated reference points on his tactical display, Yankee Leader

can begin a preliminary search of the target area before visually acquiring
it. Assuming that any mobile missiles are confined to the immediate battle
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Scenario (Continued)

area, Yankee Leader climbs to a better search altitude and reduces airspeed
somewhat. He monitors his threat detection and warning information care-
fully. While slewing the sensor the pilot detects some small vehicular
traffic. Yankee Leader increases power and heads directly along the
bearing to these targets. Still searching with his sensor, he notes what
appears to be troop activity and makes the necessary steering adjustments.
Not completely sure of the activity he has detected he requests (FAC(G)

to mark the forward edge of the friendly position. Sweeping the appropriate
sensor in the direction he believes to be toward the friendly forces he
detects the "mark" returns and confirms his orientation of the battle area.
He is now positive that the activity he had detected is indeed the enemy
advancement. Yankee Leader drops to a lower altitude and attempts to
transition to visual operations. Flying directly toward the enemy line
Yankee Leader visually acquires the intended target area. He verifies that
guns are selected and notes the number of rounds still available. He
trains his sight on the intended target area. When he confirms that it

is in-range he begins a series of short bursts along the enemv forward
line. Detecting a prominent ground flash, he immediately assumes infrared
missile launch, breaks off his attack and takes advantage of his craft's
unique maneuvering capability to avoid the missile.

Climbing to a safer altitude, he sees Yankee Red completing his attack.
Both Yankee Leader and Yankee Red turn for one more attack run. Following
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)-Alpha
releases the strike aircraft and informs the Direct Air Support Center
(DASC) which releases Yankee Flight for a return to ship. Yankee Flight
departs on the pre-established heading, air-speed and altitude.

Yankee Leader suddenly receives and confirms a threat warning, that he

is being illuminated by a tracking radar. Displayed information indicates
the source of the illuminati® and a recommended action. He performs
countermeasure operations and makes a quick visual search for a possible
missile launch or even an in-flight missile. He sees nothing. He receives
a higher priority warning that the emitter is closing. Since Yankee Leader
cannot see the missile, he instinctively rolls into a very sharp break-off.
Pulling out at low altitude, he finds that he has broken track and elects
to dash to the coast at terrain following altitude. Feet wet, Yankee
Flight climbs to a greater altitude, selects local air control frequency,
and activates homing aids for the return to ship. SCS-81 Combat Informa-
tion Center contacts Yankee Flight and reports that CIC is tracking them
on radar. Avionics are selectively shut down, vertical take-off/landing
mode is selected on the primary flight display, and transition to vertical
flight is accomplished. Yankee Leader executes a vertical landing, taxis,
and shuts down.
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Gross Timeline

A gross timeline for the various mission phases can be established at this

point. Inspection of the mission profile will identify selected mission

elements (e.g., take-off) for which time constraints can be estimated. The

scenario provides additional time related information from which estimates

or actual time constraints as imposed by the mission can be determined.

3 With such information, both the general mission profile (Figure 2.2-4)
i and the pictorial scenario (Figure 2.2-5) can be adjusted to reflect time
constraints.
]
] The resulting gross time line is illustrated in Figure 2.2-6. Refining !
of timeline information will be a somewhat iterative process, to maintain
current information on both absolute and inflexible time constraints and
) to establish and maintain time budget estimates and constraints as relevant
{ to the various mission phases.

e iy 3. Functional Flow Block Diagrams

Functional flows, in block diagram format, are developed from the mission

-

profile. These flows are system level and nonspecific, i.e., they are

aircraft system and function oriented to define functional requirements
for operations that have to be performed, and without distinguishing how
they are to be performed or distinguishing man or equipment features.

Examples of top level flows are presented in Figure 2.2-7, illustrating i

5 the segmented nature of the flows, with clearly distinguishable self-

contained functions. Fach of the top level, main functions. incorporates

similarly self-contained and diagrammable subfunctions. These are

: reflected appropriately in flow diagrams which also reflect successive

i levels of indenture, or can be reflected in an outline format. The next

! level of indenture for representing overall mission functions/operations
are shown in Figure 2.2-8, and more detailed levels for representative
pre-flight activities are illustrated in Table 2.1-6. Another approach

for both the profile and functions analysis for representative landing

is presented in Figures 2.2-9, 2.2-10 and 2,2-11. Still another, more

é
il . . .
» ‘ operations that are applicable to all aircraft (i.e., commun functions)
3
¥
»




Sa

PRE-FLIGHT
THROUGH
L.OTTER

PREFLIGHT
BRIEFING
START/
REQ'D EQUIP ON LINE
FINAL PREFLIGHT

LAUNCH
COMM
TAXI
MONITOR SYS
EXECUTE TO
TRANSITION TO CLIMB

CLIMB TO CRUISE
RETRACT GEAR/FLAPS
MONITOR SYSTEMS
MAINTAIN COMM
CONTACT CONTROLLERS
MONITOR EXT VISUAL
ADJ RADIOS/RADAR |
TRANSITION TO CONV FLIGHT} |

RENDEZVOUS
MONITOR SYSTEM
COMM
DETEAMINE ETA
ACQUIRE TARGET (LLLTV)

OUTBOUND CRUISE

TANTN COMM I
UPDATE NAC b

VISUAL CONTACT
MONITOR SYS

DESCEND 1
TRANS TO TERR FOLLOW |
AEV ORDNANCE ;
MONITOR EXT
MONITOR ESM

LOITER
comMm
VIS CONTACT
MONITOR

-
e 7

CRUISE

e

FIGURE 2.2-6:

]
=
<o)

GROSS MISSION

TIME

LINES

PRE-ATTACK
THROUGH
POST-FLTIGHT

PRE-ATTACK
SELECT TACT ON VSD
SELECT A TO G ON HUD
UPDATE REF COORD
MONITOR SYS
SELECT NF OV ON VSD
REV ORDNANCE
PLAN APPROACH

ATTACK & RE-ATTACK
ESCAPE
COMM
MONITOR ESM
ECM
EXT VIS SEARCH
MANEUVER

CLIMB TO ALTITUDE
MONITOR
MANEUVER
DEACTIVATE

INBOUND CRUISE
COMM
MANEUVER
MONITOR

RENDEZVOUS
RELEASE NON-RECOVERABLE
SELECT AVIONICS
SELECT VTOL/MODE
MONITOR SYS
EXT VISUAL CK

RECOVERY
TRANSITION
LAND
TAXI & SHUT DOWN
POST-FLIGHT
DE-PLANE
DE-BRIEF




J¥ee

it

SRR T

W

2
g

1.0 2.0 3.0 40 5.0
f
‘ CLIME OUTBOUND
| PRE-FLIGHT LAUNCH T0 RENDEZVOUS o3 2
. > &  CRUISE
CRUISE
{ B
6.0 7.0 8.0 9.0 10.0
DESCEND > LOITER PRE-ATTACK o ATTACK ESCAPE
1.0 12.0 13.0 14.0 15.0
cLIMB
& T0 INBOUND RENDEZVOUS RECOVER POST-FLIGHT
ALTITUDE i CRUISE

FIGURE 2,2-7;

TOP LEVEL FUNCTIONSL FLOW DIAGRAM -
CLOSE ATR SUPPORT

39




g

LS

poresss

LFrah

e . R R T A

i
i
|

1.0

E-FLIGHT

1) QRIEFING

1.4 START SYS ROY

13 BRING REQ T EQUIP ON-LINE
14 FINALPRE-E LIGHT

20
CAUMCH l

MAINTAIN COMM
Tax

TQK SYSTEMS
£S10
£S10

CANSITIQN TQ G| IME

S0

60 70 40

DESCEND LoITER | PRE-ATTACK

— —

61 TRANTOTER | 7.1 _CONTACT FAC(A) SEL TACTICAL ON M ) INITIATE DASH

[6 7 AeviEw SHON £5AE VISUAL ON TARGET S tocora 57 mni vk

63 MONEXT NSVSTEMS CATE REF COURD ON TAC QI 93 LAUNCH

) B e AEt COURD On TAC QI P02 LAONC:

54 MUK THAREA vsT e ¢

Ll A [ 6t COMM FACIG.

s SELECT OMN CANN
B ACTIVATE WELMET SIGHT
9. MON O SvST ORUNANCE

tt___ﬂ- 5€ Hi EX NEQOV
916 CLIME REDUCE SPEED

MON TOR THREAT DET

COMM FAC(G FOR LTD

SELECT LTD SENSOR

TRANSI TION £/0 TO VISUAL

DETECT THREATY

EVASIVE MANEUVER

RETURN - 2ND PASS

OUTBOUND CRUISE

41K T AIN COMM NAY
TE WAC 8 VISUAL CONTACT

10,1 OBTAWY AEL PROM FACIAI
ADVISE DASC OF STATUS

TEMPT AW
ACTIVATE ECW TRANS
 RELEASE CHaRE
& SEAMON
TEY

TOR THEEAT wARNING

BHRLAK TRACK

LOW ALT TUDE CASH

CL ME TO ALTITUDE

JEI___MANELR
12 MONITOR SYS
{113 DEACTIVATE SEL SYS

| 121 CRUISE CONFIGURE
[ 122 COMM-LOCA( AC
1

23 ATE HOMING AIDS
[124__commCC

125 MONITOR SYSTEMS

13.0
RENDEZVOUS

CE NON-REC MUNITIONY
Vi £VIQNICS SHUT-DOWN
3 SELECT vIC L MODE

__MONTOR SYSTEMS

TRANSITION YO VERT

1 EXECUTE LNOG

[ 144 SHUT-00WN

14, TAXI

FIGURE 2.2~

DE-PLANE

8: SECOND LEVEL CAS MISSION FUNCTIONS

DTS S v e e e o




TABLE 2.1-6

REPRESENTATIVE FUNCTIOWAL FLOW INDENTURES - PREFLIGHT
1.0 PREFLIGHT
.1.1 Briefing
l.1.1 Notate Briefing Data
1.1.2 Assemble Flight Aids
1.1.2.1 Flight Plan
Lole2.2 Maps
1.1.2.3 Navigation and Communications Aids
1.2 Start Preflight Activities
L.2.1 Acquire Crew Station
1.2.1.1 Acquire Connectors
i 1.2.1.1.1 Life Support
) 1.2.1.1.2 Communications
1.2.1.1.3 Restraints

1.2.2 Acquire System Status

:

1.2,.2.1 Vehicle Subsystems %

"‘ 1.2.2.1.1 Fuel i

i 1.2.2.1.2 Hydraulic %

1.2.2.1.3 Electrical

; 1.2.2.1.4 Fire Control :
1.2.2.1.5 Propulsion

1.2.2.2 Survival Subsystems

1.2.2.2.1 Environmental Control

1.2.2.2.2 Oxygen

1.2.2.2.3 Emergency Supplies

? 1.2.2.3 Command and Control

1.2.2.3.% Radios

1.,2.2.3.2 Ravigation
; 1.2.2.3.3 Displays :
i 1.2,2.4 Weapons
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