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ABSTRACT

PHILCO WDL-TR2026 UNCLASS IFIED
MSAP-PHASE A 47 pages
HUMAN ENGINEERING PLAN AF04(695)-278

This report describes the Human Engineering Program as it
is currently applied to Phase A of the Multiple Satellite
Augmentation Program (MSAP) of the Satellite Control Facili-
ty.

THIS UNCLASSIFIED ABSTRACT 1 DESIGNED FOR RETENTION IN A

STANDARD 3-Sy-5 CARD-SIZE FILE, IF DESIRED- WHERIE THE

"ABSTRACT COVERS MORE THAN ONE SIDE OF THE CARD. THE ENTIRE

RECTANGLE MAY BE CUT OUT AND FOLDEO AT THE DOTTrE CENTER

LINE. (IF THE ABSTrIICT IS CLASSIFIED, HOWEVER. IT MUST NOT

BE REMOVED FROM THE DOCUMENT IN WHICH tT IS INCLUOEO-)
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FOREWORD

The Technical Operating Report on Contract AF04 (695)-113 is

submitted in accordance with Exhibit "A" of that contract and describes

the Human Engineering Program as applicable in Phase "A" of the Multi-

ple Satellite Augmentation Program.

This report is submitted in accordance with paragraph 3.16 of

AFSSD 58-1, "Contractor Reports Exhibit", dated I October 1959, as

revised and amended, ana paragraph 3.5.3 of AF 62-44A, "Human Engineer-

ing for the Air Force Satellite Control System", dated I July 1962,

and is an integral part of the Personnel Subsystem Test Evaluation

(PST&E) Program.

-ii-
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SECTION 1

INTRODUCTION

1.1 PURPOSE

The Philco Western Development Laboratories (WDL) Human Engineering

Program has been reoriented to provide compliance with AF/SSD Exhibit

62-44A "Human Engineering for the Air Force Satellite Control

System," dated 1 July 1962. This program insures that the

general principles of human engineering as outlined in AF/SSD Exhibit

62-44A, and further defined in MIL-STD-803,are implemented in Philco-

developed ground electronic systems.

Human engineering is "the application of scientific knowledge

concerning human performance to the establishment of requirements and to

the design, development, evaluation and utilization of Air Force Systems."

The objectives of human engineering are: (a) "to assist in

achieving system performance requirements by the appropriate use of

man. a-s a 3vstam component; (b) to select; design and develop equipment,

procedures: work-ervirornment and facilities to assure efficient, reliable

and safe human performance (operate) within system tolerance limits; and

(c) optimize demands upon manpower resources, man's skill, training,

procedural-data and cost within the parameters established for the

system. "

1.2 SCOPE

This plan describes the Human Engineering Program as it is currently

applied to Phase A of the Multiple Satellite Augmentation Program

(MSAP) of the Satellite Control Facility.

The Human Engineering Program is implemented in conjunction with a

separate Maintainability Program which is described in WDL-TRI708A.
"Philco Western Development Laboratories Maintainability Program", dated

2 April 1962. The Maintainability Program insures that operational

W-1
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requirements which depend upon maintainability characteristics are

successfully achieved in Philco-developed ground electronic systems.

The integration of the two programs is described in Paragraph 2.3 of

this plan.

The MSAP Human Engineering Program is designed to achieve the

objectives of the MSAP. These objectives are to increase the system

capability and to simplify and standardize equipment and procedures within

the Satellite Control Facility (SCF). Phase A of the MSAP provides

additional equip:nent which will aug:nent the SCE so that it can simultaneously

support, from a single ground station; two satellites operating or.

either the VHF or UHF bands. Phase B of MSAP will up-date existing

equipment and integrate these with equipment supplied under MSAP Phase A.

The MSAP has been in effect since February 1962 and all of the

predesign and system design effort had been completed before AF/SSD

Exhibit 62-44A became a compliance document for this program on July 18,

1962. Further, a portion of the equipment was desig.ed previous to this

date using Military Standard 803 (USAF) as a design guide. The

extent of compliance with AFSSD exhibit 62-44A in the areas of

equipment design and task analysis i3 defined in a letter report to

AFSSD-SSOCO, "List of Equipment for Human Engineering Task Analysis

and Detailed Design", dated September 18, 1962.

The following sections of this plan describe the program management,

the analysis and design efforts, design ver%fication, atudies. and

program review techniques. The human engineering system analysis and

design phase is described completely although only parts of this

effort were formally implemented during MSAP Phase A. The complete

description is provided to define the process more accurately since

it may be applied in the following phases of MSAP.

I-2
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SECTION 2

HUMAN ENGINEERING PROGRAM MANAGEMENT

2. 1 PROGRAM DESCRIPTION

The human engineering program consists of five interrelated areas

of activity:

1. Participation in System Analysis and Design

The system analysis provides identification and definition of

satellite control operatior. functions requiring human per-

formance. The human engineering system design provides

specification of human performance requirements at the sub-

system level and establishes the system operational management

structure.

2. Equipment DesigrL

The design activity consista of selection, definition and detail

design of equipment; pzo;_dures. and facilities (including

work-venvironments) associated with satellite control functions

requiring humar: performarce.

3. Design Assurance

The design asse-ancE accLvI'y co:.Iptises a continuous review

of specifications drawings, and program office change orders to

tzisurc that the design complies with the established human

angineering criteria. Liaison is maintained with equipment

designers to provide human engineering design guidance.

4. Deaij n Verification

Design verification consists of participation in acceptance

testing in order to verify human engineering design of equip-

ment; and participation in system test and evaluation to

verify human engineering design of system procedures, work-

environments and facilities associated with satellite control

functions requiring human performance.

PHILCO WESTERN DEVELOPMENT LABORATORIES
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5. Studies and Experiments

The studies and experiments include laboratory and field tests

related to the development cf the Air Force Satellite Control System.

The overall humarn engineering program activity sequence and relation-

ships are illustrated in Fig 2-1.

2.2 ORGANIZATION

The organizational structure of Philco WDL is shown in Fig. 2-2.

Human engineering is the primary responsibility of two engineering

groups within the Man/Machine Design Sectiorn. These groups, the Analysis

and Planning Group and the Design Group. receive general engineering

assistance from the Support Engineering Group. The responsibilities of

the three group; in the Man/Machine Design Section are described below:

1. Analysis and Plarring Group

The Analysis and Plar..irg Group is responsible for the

fol lowing:

a. Planning human er-gireering programs.

b. Participating ir svstem analysis and design (see Section
3).

c. Developing acceptance test criteria and design verification
p]an3 (see Seccior 6).

d. Identifying, ple.n:-ing. and/or executing studies and experi-
ments necessary to support system human engineering (see
Section 7).

This group works in close cooperation with program engineering,

subsystem engineering, and maintainability personnel0  It

is primarily responsible for establishing the control/display

design at system level including allocation of functions

and determination of operating management structure. The

final design product of this group is the human engineering

data for subsystem performance specifications.

PV2
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2. Design Group

The Design Group is responsible for the following:

a. Detailed design of equipment selected for human engineering
design (see Section 4).

b. Design assurance covering equipment, facility, and computer
program interfaces with operating personnel (see Section 5).

c. Identification, planning, and/or execution of studies and
experiments necessary to support equipment human engineer-
ing (see Section 7).

The Design Group is primarily concerned with control/display

equipment development. The group designs selected control/display

panels and mockups of critical operating positions. During

the design assurance effort this group is responsible for review

and sign-off of procurement specifications, rack elevation

drawings, equipment layout drawings and panel layout drawings.

Also, human engineering design gudiance is provided to the equip-

ment designers.

3. Support Engineering

The Support Engineering Group is responsible for the develop-

ment of all instrumentation required in the Human Factors

and Operations Analysis Laboratory. Under the Human Engi-

neering Program, this group is responsible for the design,

fabrication, arid/or procurement of dynamic simulation equip-

ment for use in studies and experiments.

2.3 PROGRAM INTEGRATION

The p--;rpose of program integration is to achieve effective coordina-

tion between the human engineering effort and other MSAP efforts.

Integration is achieved through the use of standardized procedures for

distribution, review, and approval of program management and technical

data. The integration of the Humen Engineering Program is diagramed in

Fig. 2-3. The integration is shown in terms of information flow

between the various ýi-AP functios which initerface with the Human

Engineering Program. 2-5
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SECTION 3

PARTICIPATION IN SYSTEM ANALYSIS & DESIGN

3.1 GENERAL DESCRIPTION

Human engineering participation in system analysis and design

assures that a human engineering design is established and specified

at system- and subsystem levels. The analyses performed by human

engineering include analysis of overall human engineering requirements,

analysis of system functions, allocation of functions, identification of

equipment for task analysis, task analysis,, and information flow analysis.

The design oriented tasks include the development of the human engineering

plant, design of the operational management structure and specification

of subsystems human engineering design. The following paragraphs describe

the analytical and design tasks and relate these tasks to the system

development cycle.

The system analysis and design phase begins with the receipt of

design criteria from Aerospace Corporation and ends when Aerospace

Corporatcan approves the subsystem performance specifications. During

this interva] the design criteria are translated into subsystem per-

formance specifications and decisiors are made as to off-the-shelf

proc-uŽrement versus new developmervr. Human engineering participation

here further assures that e-uipmenr procurement decisions reflect the

most efficient man-machiný desigr within the initial cost and schedule

constraints of the system.

3.2 ANALYSIS OF OVERALL HUMAN ENGINEERING REQUIREMENTS

This initial step of the system anailysid process established

general criteria for human engineering design and the scope of the

program to be executed. The data analyzed during this step includes

the system and subsystem design criteria, operational requirements

of the programs to be supported, and contractual direction from

AF/SSD including schedules, procurement directions, and funding. The

program operational requirements are analyzed to determine the expected

types, frequencies, accuracies, and durations of the services to be

31~
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provided for each flight program. These data are not available in

the design criteria, but must be researched from operations planning

documentation such as System Test Objectives (STO's) and from

historical data such as flight test reports. The end products of this

step include the following:

1. Human Engineering Criteria for System Design

A statement of human engineering design objectives including

the expected service loads (mission profiles), control/display

concept, standardization goals, and general qualifications of

the operating personnel.

2. Human Engineering Task Description

The human engineering task description is a detail description

of tasks to be performed by the human engineering effort.

The task description is supplemented by a milestone schedule

and a funding estimate.

3.3 DEVELOPMENT OF THE HUMAN ENGINEERING PLAN

The Human Engineering Plan is developed from the human engineering

task description in accordance with the format specified in AF/SSD

Exhibit 62-44A. This plan is tailored to PhildI WDL Management pro-

cedures and to the human engineering criteria for system design.

3.4 ANALYSIS OF FUNCTIONS

Functions to be performed by each subsystem, as specified in the

3ubsystem design criteria, are identified and described in terms of

their relationship and performance requirements. A system flow diagram

is prepared to show the relationship of the functions and a list

identifying and describing each function is prepared. The flow diagram

and the function list are updated and detailed as subsystems design

becomes more definite.

3-2
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3.5 ALLOCATION OF FUNCTIONS

Allocation of functions to man/equipment combinations is accomplished

by comparing performance requirements with performance capabilities of

man versus equipment. Accuracy, time, frequency, and load parameters

are particularly compared to determine the most efficient design

approach for satisfying system performance requirements. The allocation

of functions may require a detailed analysis of tasks and probable

contingencies and a detailed review of the expected service loads. The

end product of this step is a list showing the allocation of functions

to man/machire combinations.

3.6 DESIGN OF OPERATIONAL MANAGEMENT STRUCTURE

The design of the operatiunal management structure allocates the

man/equipment functions to operating positions and establishes the

information flow requirements between the operating positions. The

operational management structure is validated by performing a task

analysis and an information flow analysis.

3.7 LISTING OF EQUIPMENT FOR TASK ANALYSIS

The listing of equipment for task analysis is performed after

the operational management structure is established and operating

positions are identified. Equipment identified for task analysis

includes only the equipment at those operating positions that

are critical in terms of task, time, accuracy or load factors. The

list is submitted via the MSAP Office to AF/SSD in accordance with

Exhibit 62-44A.

3.8 TASK ANALYSIS

Task analysis is an extension of system functional analysis. The

objective of task analysis is to validate the allocation of functions

u operating positions and to provide more detailed criteria for

control/display design at these positions. The task analyses are

updated when required as the subsystem and equipment designs become

3-3
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better defined. Task analysis aids in determining the sequence, logic,

tolerance, and frequencies of tasks. The sequence and logic of the tasks

is analyzed by means of a decision-action flow diagram illustrated

in Fig. 3-1. The task, tolerance, and frequency requirements are

analyzed by relating the tasks to the expected service loads. A

time line analysis is performed and the data are cempiled into a

detailed man/machine function list illustrated in Fig. 3-2.

3.9 INFORMATION FLOW ANALYSIS

Information flow analysis is an extension of system functional

analysis and task analysis. The objective of information flow

analysis is to validate the proposed operational management structure,

to verify compatibility between the operating positions and between

the operating positions and the STC, and to provide design criteria

for the communcation subsystem. The information flow analysis may

also reveal the need for additional status displays and controls. The

information flow analysis covers data content, duration, distribution,

and frequency of voice and equipment communications. Information flow

ar.alysis charts are illustrated in Figs. 3-3 and 3-4.

3.10 SPECIFICATION OF SUBSYSTEMS HUMAN ENGINEERING DESIGN

The final step in the analysis and design phase is the definition

of human engineering design requirements for each subsystem and their

submission for inclusion in the subsystem performance specifications.

A human engineering subsystem design data package is submitted to the

Subsystem Engineering Department for review and concurrence. The

data package consists of descriptions of operating positions,

man/machine function lists, task analysis data, and information flow

analysis data. The data are reviewed and necessary trade-offs are

made with subsystem engineers. The finalized man/machine function

lists and design sketches of the operating positions are submitted

for inclusion in the subsystem performance specifications.

3-4
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3. 11 PARTICIPATION IN MSAP PHASE A SYSTEM ANALYSIS AND DESIGN

Due to the late requirement for compliance with Exhibit 62-44A,

formal human engineering participation in system analysis and design

was limited to task analysis and information flow analysis of selected

subsystems. The overall system information flow will be analyzed

to provide design verification criteria, but corrective action, if

required, must be accomplished by means of modifications performed

on site.

3-9
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.3ECTION '

HUMAN ENGINEERING EQUIPMENT DESIGN

41- GENERAL DESCRIPTION

fiHman engineerirg equipmert dEsign converts system analysis data

and subsystem specifications into detail control/display, co-mmunica-

tion-3 ard facilities design itr accordance with MIL-STD.803. The

destgr. activity starts aftar the initial man/machine allocation is

made and continues throughout Whe equipment development cycle.

The human engineer:.rg design phase comprises several tasks which

are closely related and may be performed simultaneously. These tasks

includ-; (I) listing of equipment for dettii design- (2) design of

control/display equipment, (3) development of mock-.ups, (4) experiments

utilizing dynamic simulation (5) specification of human engineering

design for equipment procurement (6) functional design of communica-

tior.3 equipment. and (?T •pecificatior of fecilities design. These

casIs are oescribed it Paragrarns 4.2 t.hrough 4.8.

The de3ign phase •s corcerre.d with rhe seiection and specification

of co-trcl/display comFoner.t<• lavoa' ar-d arrangement of components

and equipment configuration of commnrication nets, and specification

of wcr.< environment. The Key oen3gt parameters are accuracy, time,

frequec-c efficiency mair.tairatility. reliatility, and safety.

The l.mit.s of -hese parametr, i are defined ir the system analysis

documetatiorn and sutsystem perfornance specifications. Thase limits

may he modified or specified more accurat•.ly during the equipment

design pha-se.

4.2 LISTING OP EQUIPhIENT POR DETAIL DESIGN

The first step in tquipr.rent design is to identify the end items

of equipment for human engineering design. The identification is

made after the operating positions arc defired and the decisions

are made as to off-the-shelf procurement versus new development.

The list is submitted through the MSAP Office to AF/SSD in accordance

with Exhibit 62.44A.

PHILCO WESTERN DEVELODPME.NT LýORATOR-ES
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4.3 DESIGN OF CONTROL/DISPLAY EQUIPMENT

The design of control/display equipment involves component

selection, panel layout, panel location, and console configuration.

The primary considerations in the design are man's perceptual capabilities

and anthropometric characteristics. Control and display components

are selected on the basis of required accuracy, time, and frequency

of information inputs and operator responses as specified in the man/machine

function lists. Panels are designed and located on the basis of

sequence, logic and utilization data as shown on decision action flow

diagram5 and man/machine function lists. Static mock-up and dynamic

simulation may be required to select an optimum design or to validate

the design of control/display equipment.

The end product of a control/display design is a package of data

consisting of a recommended control/display equipment configuration and

location, and rationale for the recommended design including available

experimental data. The design is reviewed and trade-offs are made

with the Subsystem Er-gineerirg Department. Upon selection of a design

apprca•h., the data are revised and submitted for inclusion in the pro-

cureument specification and facilities design criteria,

4.4 DEVELOPMENT OF STATIC MOCK-UPS

Full scale static mock-ups of control/display consoles may be used

to validate the console configuration and arrangement. Primary cci:-

siderarior_3 are the acce3sinility of cortrols and the readability of

displayS. particularly displays shared by more than one operator.

Mock-ups are constructed of cardboard or other equally inexpersive

self-supporting material, and are updated to reflect design changes.

4.5 EXPERIMENTS UTILIZING DYNAMIC SIMULATION

Experiments utilizing manned simulation are included as part of

detailed equipment design when analytical techniques fail to resolve

a design problem and when experimental data are not available

from other sources. The experiments may be used for evaluation of

PHILCO WESTERN
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competitive designs of complete opera--ing positions or parts thereof.

Statistically treated error, response time, and com-munications data

are used as the basis for comparing various design approaches. The

experimental data may result in a modification of system information

flow, control/display design, and/or communications design.

4.6 SPECIFICATION OF HUMAN ENGINEERING DESIGN FOR EQUIPMENT PROCUREMENT

Equipment procurement specifications include requirements for control/

display design as developed by human engineering and subsystem engineer-

ing. Hum.an engineering inputs to the specifications are provided in

the form of a control/display component list and layout drawings

of control/display panels (see Figs. 4-1 and 4-2). Human engineering

signature approval of specifications assures that the inputs are

included.

4.7 FUNCTIONAL DESIGN OF CO1S!UN iCATIONS EQUIPMENT

The functional design of communications equipment establishes

the configuration of intra-station communication nets and the location

and type of communication panels required at each operating position.

Task aralysis and information flow analysis provide the criteria

for communications design. The human engineering communications design

documentation includes a net configuration chart, illustrated in Fig 4-3.

The location of communications equipment is specified on a facility lay-

out drawing- illustrated in Fig. 4.4.

4.8 SFECIFICATIGN OF FACILITIES DESIGN

Human engineering and subsystem engineering determine work space

requirements, location of control/display and communication equipment,

and acceptable envirorLnental conditions for facilities design.

A preliminary equipment layout drawing (see Fig. 4-4) is prepared and

submitted with other human engineering design data for subsystem

engineering review and concurrence. The Subsystem Engineering

Department submits the data for inclusion in the facilities design

criteria. Human engineering signature approval of the equipment layout

drawings assures that the facilities design meets human engineering require-

ment s. -3

PHILCO WESTERN DEVELOPMENT
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4. 9 MSAP PHASE A HUMAN ENGINEERING EQUIPi4Ei•T DESIGN

During MSAP Phase A, human engineering equipment design complies

with Exhibit 62-44A on the following subsystems:

a. Control/Display

b. Data Handling

c. Checkout

d. Intra-Station Communications

These subsystems represent the major portion of newly developed

equipment for MSAP Phase A. MIL-STD-803 is used as a guidance

document for human engineering of other equipment.

4-8
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SECTION 5

HUMAN ENGINEERING DESIGN ASSURANCE

5.1 GENERAL DESCRIPTION

Human engineering design assurance provides guidance to equipment

designers and a continuous review of specifications and drawings to

insure proper application of human engineering criteria from initial

design to final equipment acceptance. WDL-TR1968,1'uman Engineering

Design Check List"' 1 February 1963, is distributed to equipment

designers for use as a design guide. Specifications and drawings for

equipment requiring human engineering design are reviewed and signed-

off by a human engineering representative. The design assurance

activity comprises six formal review and sign-off actions:

1. Subsystem perfor:nance specification review and sign-off

2. Procurement specification review and sign-off

3. Rack evaluation and panel top assembly drawing review and sign-

off

4. Facility equipment layout drawing review and sign-off

5. Program office change order review

6. Acceptance test specification review

5.2 DESIGN ASSURANCE PROCEDURE

The design assurance and sign-off procedure is illustrated in

Figs. 5-1 and 5-2. The specification review procedure involves

a review of the preliminary specification, submission of recommended

changes to the specification project engineer, review of changes

with the cognizant engineer and specification sign-off If a conflict

arises between the human engineering requirements and the equipment

5-L
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design requirements, it is resolved through design review action with

progressively higher levels of technical management through program

engineering level. If the decision is that human engineering require-

ments must be compromised due to overriding equipment design or program

considerations, the human engineering requirements are modified

accordingly and the specification is signed off. A deviation report is

prepared in accordance with Exhibit 62-44A and submitted through the

program office to AF/SSD.

5.3 DESIGN REVIEW REQUIREMENTS

Design review requirements for each review action are described

below:

1. Subsystem Performance Specifications

Man!machine function descriptions and control/display layout

drawings are reviewed to assure compliance with the previously

established human engineering design for the subsystem.

2. Procurement Specifications

Control/display component descriptions and detailed panel

layout drawings are reviewed to assure compliance with

the established human engineering design for the equipment.

3. Rack Elevation and Panel Top Assembly Drawings

Panel locations, mechanical design, and part lists are reviewed

to assure that the final design is acceptable prior to

release to fabrication.

4. Facility Equipment-Layout Drawings

The location of operating positions, time and status displays,

and communications equipment, and the availability of work

space are reviewed to assure that the facilities design complies

with human engineering facilities criteria prior to equipment

installation.

5-4
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5. prograu Office Change Orders

Change orders are reviewed for changes affecting human

engineering design.

6. Acceptance Test Specifications

Test requirements affecting man/machine functions are reviewed

to assure that the functional verification of control/display

operation is in accordance with the previously established

human engineering design.

Continuous liaison is maintained with the subsystem engineers

and the equipment designers. This assures that the human

engineering requirements are properly integrated during the

design and that minimum changes are required in specifications

and drawings.

5-5
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SECTION 6

HUMAN ENGINEEi, ING ACCEPTANCE TEST AND DESIGN VERIFICATION

6. 1 GENERAL DESCRIPTION

Human engineering design is verified during acceptance testing

and during Phases III and IV of Installation and Checkout at TTS.

The human engineering acceptance test is performed on the first deliverable

article of equipment. The acceptance test is conducted in-plant during

equipment acceptance testing and is completed at the test site, if re-

quired. The acceptance test comprises two parts: a visual inspection

in accordance with a check list, WDL-TR1968, based on MIL-STD-803

and a control/display function test as specified in the equipment

acceptance test specification.

Design verification is conducted at TTS concurrently with the

subsystems and system checkout. This verification comprises five

parts:

1. Completion of checks required to verify compliance with

MIL-STD-803 on equipment acceptance tested in-plant.

2. Inspection and test of all control/display equipment not

previously tested, in accordance with the acceptance test

check list.

3. Monitoring of subsystems functional tests.

4. Monitoring of system functional tests during fly-bys and

during system checkout with the checkout subsystem.

5. Analysis, evaluation, and documentation of the verification

results.

61
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The acc[ptance test anid the design vcr"JjRcatinn procedures are

outlined in the following paragraphs. A detailed design verification

plan is ieing prepared in accordance with Exhibit 62-44A. This plan

will be submitted through the MSAP Office to AFSSD for approval.

6.2 ACCEPTANCE TEST PROCEDURE

The human engineering acceptance test is performed with the

assistance of the Test Operations Section of WDL Product Assurance

Organization. Human engineering provides test operations with

the acceptance test check list, answer sheets, and a list of the

equipment to be acceptance tested. The Test Operations Section

provides the test schedules and the personnel for operating equipment

diring the acceptance test. The acceptance test anwer sheets are

completed and signed by a test operations representative and a

human engineering representative. The completed answer sheets form

a part of the acceptance test report. if the equip:nent does not

meet the acceptance test requirements, action is initiated, as

illustrated in Fig 6-1, to resolve the problem.

1. Visual Inspection

The visual inspection is concerned with the :.ckciia•icai

operation, location, arrangement, form, readability, and

coding of controls and displays. Power is applied to the

equipment to check control interlocks and multi-color

displays.

2. Function Test

During the functional test, human engineering is concerned

with the functions and the interaction of controls and

displays. Equipment acceptance test specifications

are used as the reference for monitoring this portion of the

test. The test includes monitoring of equipment activation,

checkout, normal operation, manual override operation, and

shutdown. Particular attention is given to the operations

sequence and information feedback. The functional test is

u-2
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performed to the extent possible with the capabilities

of the equipment acceptance test setup.

3. Work Space/Environment

Noise sound. temperature, humidity, and illumination levels,

work space adequacy, and safety compliance are measured and/

or verified at the test site.

6.3 DESIGN VERIFICATION

Design verification is conducted with assistance from the Station

Integration Office, Field Activation Department, and the site

operations and maintenance personnel, if required, Human engineering

prepares a design verification plan. This plan is reviewed and

approved by the MSAP Office and coordinated with the Station Integra-

tion Office. The station Integration Office prepares checkout

schedules and provides the personnel for equipment checkout and

operation. Man/Machine Design Section personnel with the assistance

of Field Activation Department personnel are responsible for monitoring

and recording man/machine performance at subsystem and system levels.

The verification results depend largely on conclusions formed by

the analyzing personnel and are affected by the progress of the

equipment checkout (the time available for monitoring of trouble free

operation). Although most of the tests are conducted on the I&C

procedures, it is expected that at the system level there will be

correspondence between the I&C procedures and the operation procedures.

The task time and frequency~however, may vary considerably from an

operational situation. It is expected that the station operational

procedures are also available on-site for verification during Phase

IV. The human engineering design verification will be continued through-

out the operational procedures verification.

The step-by-step procedures are used as check lists for verifying

the human engineering functional design. Voice communications are

recorded during the tests to provide complete data on the information

flow. Verification data are analyzed to determine the requirements

6-4
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for modification of procedures or control/display instrumaentation.

The verification results and the recomm.ended modifications are

published in a design verification report.

1. Design Verification Plan

The design verification plan contains a list of equipment

to be verified and the visual, environmental, and functional

verification requirements for each item of equipment and

facilities. The plan also contains human engineering check

list data whichare used in conjunction with the procedures

as a part of the functional verification criteria. Parts

of acceptance test check lists, I&C procedures, and opera-

tional procedures are identified as a part of the human

engineering design verification criteria. Specific criteria

are identified for each phase of operation: equipment

activation, checkout, normal operation, manual override

operation, and shutdown.

The plan outlines, in general, the procedures for monitoring,

recording, analyzing test data, and evaluating the design.

2. MUSAP Phase A Functional Design V :rification

The objective of the MSAP Phase A functional design verifi-

cation is to verify the design of control/ display and

communication equipment at the system level and to make

recommendations, as deemed necessary, for modifications

to be implemented during follow-on phases of MSAP.

The functional design verification consists of monitoring I&C

operations; gathering, analyzing, and evaluating data; and

formulating recommendations for design improvement. The

operations monitoring consists of observing and recording the

step-by-step man/machine operation at selected operating

positions.

6-5
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The I&C checkout data sheets will provide a documentary

certification for approval or disapproval of the test results.

Upon completion of all documented tests the master vellum

form data sheets shall be witnessed by authorized representatives

and forwarded to the Philco WDL Station Integration Office

for release approval. The monitoring notes, communication

records, and I&C checkout lists are analyzed to identify

errors, response time lags, interruptions in information

flow, and excessive task loads. Since only in very few

instances are limits of these parameters specified- decision

as to when and where the man/machine performance is degraded

is based larvely on the judgment of the data analyst. The

data must be evaluated by Human Factors Engineering Depart-

ment personnel to determine if indentifiable performance

degradation can be corrected through modification of procedures

or modification of controlldisplay and/or communications de-

sign. The recommendations are documented in the design verifi-

cation report.

Although the functional design verification is affected by

the progress of equipment checkout, it is necessary to reach

a reasonable level of confidence in the verification data.

Human Factors Engineering Department personnel will analyze

the initial verification data to determine where additional

observations may be required to gain additional confidence in

verification results.

6-6
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SECTION 7

HUMAN ENGINEERING

STUDIES

7.1 STUDY REQUIREMENTS

The MSAP Phase A Human Engineering Program has revealed the need

for development of anlytic techniques and experiments to provide design

data and to support human engineering at system and subsystem levels.

The study requirements are primarily due to the following reasons:

1. System and subsystem design criteria do not specify the system

operational requirements in adequate detail.

2. Human engineering design cannot be quantitatively compared with

the system availability goal and maintainability and reliability

design goals.

The proposed studies are outlined in the following paragraphs.

The studies should be funded on an SCF basis and will be included in

the human engineering portion of the Philco WDL response to the "Research

and Development Work Statement for Satellite Control Followy-on. Contract".

7.2 DEFINITION OF OPERATIONAL REQUIREMENTS AND HUMAN ENGINEERING CRITERIA

FOR MSAP FOLLOW-ON PHASES

This study would comprise two phases of activity through CY 1963.

The first phase of activity would provide design criteria for MSAP Phase

B human engineering efforts in support of modification of existing VHF

systems and their integration with the new VHF systems supplied under

MSAP Phase A. MSAP Phase B effort is defined in "Exhibit B to Letter

Contract Designated Supplemental Agreement No. 18 to Qontract AF04(695)-113-

Work Statement Multiple Satellite Augmentation Phase "B".

The second phase would provide design criteria for simplification

of the UHF Systems at VTS and NHS. Some preliminary work performed

7-1
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under Program 461 funding for human engineering evaluation of VIS and

NHS will be applicable to this phase. On-site modifications were

documented and station communications and control/display capabilities

were evaluated. Some general design recommendatiorswill be in the evaluation

reports to be published in early January 1963. The second phase would

define operational requirements for all programs to be supported by the

UHF system and convert these requirements to human engineering design

criteria. Examples of the problems to be investigated during study are

given below:

1. Definition of System Operating Load. In the past, operational

requirements have been frequently analyzed to determine station

operating loads and their distributions for various multiple

satellite operations. A service load model has not been

selected as a criterion for system design. A model would provide

the basis for specifying availability goals, turn-around times,

and support requirements. These in turn have significant

impact on human engineering design, maintainability, reliability,

manning, and procedures.

2. Allocation of Sutjystems to Systems. In the support of any

given flight, the allocation of station subsystems to make up

the operational system must be made on the basis of flight

operations priority and the subsystems' readiness. The

allocation problem is straightforward in a simple system, but

it becomes more complex when two systems are assembled from a

common equipment pool and when the operations are overlapping

or closely spaced. Then up-to-the-minute knowledge of maintenance

status and operational schedules and priorities is necessary

to resolve conflicting equipment demands. The solution to

this problem is closely related to several operational design

factors including the assignment of operational and maintenance

functions5 SIC-site information flow, intra-site information

flow, and the operational management structure.

W- 2
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3. Assignment of Maintenance and Operational Responsibilities. In

view of the subsystem allocation problem. it may be desirable

to divorce the operational and on-line maintenance tasks (check-

out, etc.) at some level within the operational management

structure. One approach would be to provide only operational

control from the SOC's and to direct on-line maintenance and

subsystem allocation from a new supervisory control position.

The system management structure, information flow,'and tasks

should be analyzed to establish the need for this position

and to specify the design of associated control/display

equipment.

4. Establishment of Operational Management Structure. The present

operations management is based on the concept of a single

system supporting one satellite at any given time. In the

future it will be impossible to conduct the presently time-

consuming rehearsals and tests prior to a flight. Until the

satellites become standardized, operational personnel must

assimilate and execute several different sets of procedures in

a short time span. To alleviate this problem, the operational

management structure of the system should be reviewed to assure

that the procedures and information flow can be optimized.

Some of the questions that need to be answered include the

following:

a. Is there a requirement to keep the operating crews intact?

b. What are the operational information requirements at the
various levels within the management structure?

c. What are the effects on the information flow if the crews
remain intact? if not?

5. Information Flow Analysis. As noted in the foregoing discussion,

detailed intra-station information flow is a function of the

operational management concept, allocation of system functions,

and the system configuration. Analysis of the information

7.-;
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flow is necessary to define the control/display, the checkout,

and the communication subsystems design. The analysis should

at least answer the following specific questions:

a. Is STA-site information flow compatible with the on-site
operation?

b. Can prepass data be effectively distributed to on-site
personnel and to computers?

c. What are the effects on the information flow due to
contingencies such as communication problems and equipment
failures?

7.3 PREDICTION AND MEASUREMENT OF HUMAN ENGINEERING DESIGN PERFORMANCE

This study would investigate the feasibility of specifying quanti-

tative human engineering design criteria and measurement of human

engineering design performance for the purpose of design verification

at system and subsystem levels. Should this study produce positive

results, several major achievements would be realized. Quantitative

design criteria would enable comparison of human engineering design

goals on a common scale with maintainability and reliability design

goals and thereby permit optimization of these design factors in

meeting the system performance requirements. Functional human

engineering design verification could be quantitative rather than

qualitative and the man/machine performarce could be measured rather

than evaluated on the basis of aersonnel judgement. This study would

comprise four phases of activity which are described below:

1. Phase I

Phase I will involve development of a mathematical paradigm,

and the definitions of terms, methods, goals and applications.

The final product of Phase I will be a detailed study plan

to be submitted to AFSSD for approval. The report will detail:

7-4
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a. A definition of terms, goals, and applications,

b. Derivation of the measurement formulas,

c. The experimental design for Phases II and III,

d. Design of simulation equipment,

e. A schedule for the remainder of the study effort,

f. A bibliography of related material,

2. Phase II

Phase II will be a series of experiments designed to prove

or disprove the value of the measurement method. A manned

simulator will be used as the experimental device. The

experiment will be divided into test trials, each trial composed

of a simulation of possible contingency situations on a set of

control/display panels.

3. Phase III

This phase will entail the final validation of the measurement

method by monitoring operational equipment. This will require:

a. The computation of a predicted operability figure of
an operational control/display system,

b. The collecting of operational data to find the actual
operability figure,

c. The comparison of the predicted figure to the actual
figure to check that the difference is statistically
insignificant at a desired confidence level.

4. Phase IV

All data will be compiled, evaluated, and published for general

use.
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7.4 ESTABLISHMENT OF MAN/EQUIPMENT COMPONENT DESIGN STANDARDS

The purpose of this study is to establish human engineering design

standards to be used in the design of all subsystems, equipment and

components in the MSAP and follow-on program. In addition, these

standards will provide a basis for design within the SCF.

1. Study Objective

The study objective is to establish human engineering standards

for the selection and utilization of components and items of

hardware for all system equipment, including voice communication

equipment, to be operated and/or maintained by personnel while

fulfilling the intended mission of the system. To achieve

maximum benefit across programs within the SCF. it is

recommended that the study be implemented as a continuous effort.

2. Need for MUSAP Design Standards

At the present time. the aerospace industry employs such tech-

niques as failure/error feedback reporting followed by retrofit

programs to make up for inadequacies in operability; maintain-

ability, tnd reliability. These techniques have not been too

effective except for lengthly production runs. With relatively

short production runs and the limited number of units manufactured

for R&D programs, back track corrections are very much un-

acceptable, particularly in terms of time and cost. The need

for human engineering design standards for MSAP arises from

requirements to meet SCF standardization objectives and to

minimize the need for field modifications. Design standards

must be upgraded and continually improved to keep abreast of

component developments.

3. Study Outline

The major steps required to establish the design standards

are as follows:

PL-6
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a. Formulate a preliminary listing of all classes and types
of components to be used in the system. Typical components
to be listed are: Controls, displays, connectors! handles,
access fasteners, etc.

b. Establish criteria for the evaluation and selection of
components to be employed in the system. This evaluation
and selection criteria will be based on and will comply
with MIL-STD-803.

c. Establish a central file of catalogs and other literature
provided by manufacturers of components that appear to
meet the requirements of MIL-STD-803. Also to be included
in this file is an up-to-date listing of components
currently used in existing satellite control systems
and a record of their acceptability.

d. Establish a component standardization working group
composed primarily of human engineering, maintainability,
and reliability specialists. The function of this working
group would be to:

(I) Establish component test, evaluation and selection criteria.

(2) Make determination3 as to whether off-the-shelf components
should be utilized in a given design.

e. Conduct both static and dynamic tests of components
tentatively selected for inclusion in equipment design
and, as a result of these tests. make final selections of
components to be used in equipment design. A typical
human engineering component evaluation is described in
WDL-TR1587, "A Human Engineering Evaluation of some Self-
Illuminated Digital Displays", dated 31 July 1961.

f. Prepare human engineering component design standards to
be used by equipment design engineers. These design
standards will also identify the preferred as well as
alternate component manufacturers.

The establishment of design standards for MSAP does not

minimize or alter the requirement for human engineering

equipment design. Human engineering assistance will be

required in implementing these design standards, working out

optimal compromises when compromise is necessary, and for

assisting design engineers in the solution of human engineering

problems not covered in this study.
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7.5 APPLICATION OF DYNAMIC SIMULATION IN STUDIES

Dymanic simulation is required to support the studies outlined in

Paragraphs 7.2 and 7.3. The simulation must be flexible to be quickly

adaptable to the various SCF systems configurations and to provide

growth potential. It should provide the means for rapid reduction

and analysis of test data. The design of the simulation equipment

will be specified in the detailed study plan referenced under Paragaraph 7.3a.

As presently conceived, the simulation equipment would be used for the

following in the MSAP follow-on phases and in other SCF human engineering

programs:

1. Experimental validation of techniques for prediction and

measurement of human engineering design performance.

2. Experimental comparison of competitive control and display

instrumentation designs.

3. Gathering of test data on control and display components.

4. Developmental testing of instrumentation and communication

techniques in support of SCF development.

7-8
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SECTION 8

HUMAN ENGINEERING

SCHEDULE

8.1 SCHEDULE REVIEW PROCEDURE

A formal PERT system has not been implemented for MSAP Phase A.

A Work Order Schedule and Budgetary Control form is used for

identification of the human engineering milestones and the start and

completion dates of the various tasks. A weekly progress report is

submitted to the MSAP Office and the milestone schedule is reviewed

and updated as required to reflect the overall program schedule. The

MSAP human engineering status is reported monthly to AF/SSD and a

formal human engineering report is submitted quarterly to provide

detailed status of the human engineering program in accordance with

AF/SSD Exhibit 62-44A.

8.2 MILESTONE SCHEDULE

A human engineering milestone schedule is illustrated in Fig. 8-1.

The schedule shows the major task completion milestone and other

significant events in the MSAP Phase A Human Engineering Program. The

program milestones are defined below:

1. Milestone 1. Human Engineering Plan Complete

The date of submission to the MSAP Office for review and

approval.

2. Milestone 2. Task Analysis Complete

The end date of system analysis effort.

3. Milestone 3. Design Complete

The end date of human engineering design contribution to MSAP

equipment design.

8- 1
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4. Milestone 4. Design Assurance Complete

The end date of design documentation review and sign-off by

human engineering.

5. Milestone 5, Acceptance Test Complete

The completion date of in-plant human engineering acceptance

tests an•d test documentation.

6. Milestone 6. Design Verification Complete

The completion date of the human engineering design verification

report on design verification at the test site.
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