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ABSTRACT

PHILCO WDL-TR2026 UNCLASSIFIED
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.
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THIS UNCLASSIFIED ASSTRACT IS DKSIGNED POR RETENTION LN A
STANDARD 3-8Y-5 CARD~SI12E FILE, |IF DESIRED. WHERE THE
ABSBTRACY COVERS MORE THAN ONE SIDE OF THEK CARD, THE ENTIRE
RECTANGLE MAY BF CUT OUT AND FOLDED AT THE DOTTED CENTER
LINE. {IF THE ABSTRACT 1S CLASSIFIED, HOWEVER, IT MUST NOT
BE REMOVED FROM THE DOCUMENT [N WHICH IT IS INCLUGED.)
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FOREWORD

The Technical Operating Report on Contract AF04 (635)-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 1 October 1959, as
revised and amended, and paragraph 3.5.3 of AF 62-44A, "Human Engineer-
ing for the Air Force Satellite Control System', dated 1 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
£2-44A "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-

develcped 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 Alr Force Systems."

The chbjectives of humar ergineering are: (a) ''to assist in
achieving system performance requirements by the appropriate use of
mar. a3 & 3vysta2m ccmponent; (k) to select. design and develop equipment,
procedures. work-ervironment 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 SCOFE

This plan describes the Human Engineering Program as it is currently
applied to Phase A of the Multipie 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-TR1708A.
"Philco Western Development Laboratories Maintainability Program', dated

2 April 1962. The Maintainability Program insures that operational

1-1
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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 aciiieve the
otjectives of the MSAP. These objectives are to increase the system
capabiiity and to simplify and standardize equipment and procedures within
the Satellite Control Facility (SCF). Phase A of the MSAP provides
additional equipment which will augment the SCIP so that it can simu’taneously
support. from a single ground station, two satellites operating or
either the VHF cr UHF bands. Phase B of MSAP will up-date existing
equipment and integrate these with equipment supplied under MSAP Phase A.

The MSAP has teen in effect since February 1962 and all of the
Fredesign and system design effort had been completed before AF/SSD
Exhibit 62-44A became a compliance documert for this program on July 18,
1962. Further, a portion of the equipment was desigred 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 is defined in a letter report to
AFSSD-SSOCO, "List of Equipment for Human Engineering Task Analysis
and Derailed Design', dated September 18, 1962.

The following sectiors of this plan descrite the program management,
the aralysis and design efforts, design ver:fication, studies. and
program review techniques. The humar. engineering sysatem 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 defire the process more accurately since

it may be applied in the following phases of MSAP,

P H l L C o WESTERN DEVELOPMENT LABORATORIES



WDL-TR2026

SECTION 2
HUMAN ENGINEERING FROGRAM MANAGEMENT

2.1 PROGRAM DESCRIPTION
The humar engineering program consists of five interrelated areas

of activity:

1. Participation in System Analysis and Design

The system analysis provides identification and definition of
3atellite control operatiorn 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.

Equipment Design

N

The design activity consista of selection, definition and detail
deaign of equipment, procz=dures.  and facilities (including
work-ernvironments) assoclated with satellite control functions

rzquiripg humar. performarce.

3. Design Assurance

The design assurance activicy comprises a continuous review

of specifications drawirgs, and prcgram office change orders to
sssurc that the design complies with the established human
ergineering criteria. Liaison is maintaired wich equipment

designers to provide human engineering design guidance.

4., Design 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 engineerirg design of system procedures, work-
enrviromnments and facilities associated with satellite control

functionrs requiring human performance.

.
2y
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5. Studies and Experiments

The studies and experiments include lakoratory and field tests

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

The overall humar engineerirg program activity sequence and relation-

ships are illiustrated in Fig 2-1.

2.2 ORGANIZATION

The organizatioral structure of Philco WDL is shown in Fig. 2-2.
Human engineerirg is the primary responsibility of two engineering
groups wirhir the Man/Machire Design Sectior.. These groups, the Analysis
and Planning Group and the Desigr Group, receive general engineering
assistarce from the Support Engineering Group. The responsibtilities of

the thr2e groups in the Man/Machire Design Section are described below:

1. Analysis and Plarving Croup

The Analysis and Flarnrirg Group is responsible for the
following:
a. Flanring humar ergirz2ering programs.

b. Participatirg ir sysrem analysis and design (see 3ection
3).

c. Daveloping accepiance test criteria and design verification
plarn3 (322 Secrior 6).

d. Identifying, plenring. and/or executing studies and experi-
ments necassary to support 3ystem human engineering (see
Section 7).

This group wecrks in close cooperatior with program engineering,
subsystem engineering. and maintainabiliry personnel. 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 humarn engineering

data for subsystem performance specifications.

7.2
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2. Design Group

The Design Group is responsible for the following:
2. Detailed design of equipment selected for human engineering
design (see Section 4).

b. Design assurance covering equipment, facility, and computer
program interfaces with coperating 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 Engireering

The Support Eungineering Group is responsible for the develop-
ment of all instrumentation required in the Human Factors
and Operations Analysis Laboratory. Under the Human Engi-
reering Program, this group is responsible for the design,
fabrication, and/or procurement of dynamic simulation equip-

ment for use in studies and experiments.

2.3 PROGRAM INTEGRATION

The purpose 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 rSAP functions which interface 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 ard subsystam levels. The analyses performed by humar
ergineering include analysis cf overall human engineering requirements,
anaiysis of system functions, allocation of functions, identification of
equipment for task analysis, task analysis. and information flow analysis.
The design criented tasks include the development of the human engineering
plans. design of the operational management structure and specification
of subsystems human engineering desigr.. The following paragraphs describe
the analytical and desigr tasks and relate these tasks to the system

development cycle.

The system analysis and desigr phase begins with the receipt of
desigr. criteria from Aerospace Corporatiorn. and ends when Aerospace
Corporatizn approves the subsystem performance specifications. During
this interval. the design criceria are translated into subsystem per-
formance specifications and d=2cisiovs are made as to off-the-shelf
proc:iremert versus new development. Human ergineering participation
here further assures that ejuipment procurement decisions reflect the
most efficient man-machins desigr. withir the inicial cost and schedule

constrairte of the system.

3.2 ANALYSIS OF OVERALL HUMAN ENGINEERING REQUIREMENTS

This initial step of the system anaiysis process established
gereral 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 opéerational requirements are analyzed to determine the expected
types, frequencies, accuracies, and durations of the services to be

3."

-7
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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 (ST0'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 & 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 PHiléo WDL Management pro=-

cedures and to the human engineering criteria for system design.

3.4 ANALYSIS OF FUNCTIONS

Functions to be perfcrmed by each subsystem, as specified in the
subsystem design criteria, are identified and described in terms of
their relationship and performance requirements. A system flow diagram
1s prepared to show the relationship of the functions and a list
identifying and describing each function 1is 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 1s 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 betweenr the operating positions. The
operational management structure 1s 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 {s 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 locad 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
o 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 functiomal
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 communicatioms. Information flow

anralysis charts are fllustrated in Figs. 3-3 and 3-4.

.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 amnalysis 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 inclueion in the subsystem performance specificatiouns.

3-4

P H | L C o WESTERN DEVELOPMENT LABORATORIES



1HAVE
DEFLCTIVE
BULABS
RELYLACED

S

DEBRLSS

STATeS ADICA- ﬂgg‘?g{‘e >
JTORS 72 <
ViAol & Swirc
SWITCHRES INOICATORS
W LAMP TEST LIGHT
GAOUAR § Comm

LAsMP TES ra

Y£S

SE7 vP
[ CIRKEN T M-
IMILLE NOMBER
§ orreEee
LNILR SWITA,

ET4 L ETT IDcATE
I COREENT
R E GRS

NOT 47
COGNIZRNT
OFURATORE

70 COFRFLI

| Sres rion ‘

|
H
|
i
i

CXARESS

\ QUTOpITIC
'(mg 7457 i
\ INTERRULPT

7o)

[ Sw/rcH. <3

[ i
- ]

|
X

AT
LCHECK-
yAS‘ . s Srsiem
CORRECTLD W7
GIAE REMAIVING

\
| fy
678 DEPRESS 7 S 7A=X SECE, /
(o 7EST CTOMATLE U copese resr ' Wil
INDICATE GO ALLOTTED 1008 75T U v 70w 370 AR
HR WO GO, TintLE o |l Tus spous SITE S
T.£. 200P° 7 LS T LLAPSES. Nz T A s e e R 7
/5 COMAVETL) ! '| OpER FA.
? L
]
WS :
1 ARRANG £ FOR NOTIEy S$749 |
RROGRA LTHRT SRS
/ }/_r?ﬁfsgi; et BoARD CRINGES S CANNOT GE
ST € - I’ - . 1
(7o SuEOoRT 7C wE S8 ~ 5‘0/’/",.0272"0
RCT Srerers LPwr Gy SIETLA.
AN N A A !
AN , ! 1
R U —
I
-/
;/:lglo | CHbsh rad. " ‘errEss gEADY 7] T arT T
W S ol Y it N STRTON 54 L\ FIASC, )
Dur FIHDICATING ] {; S ALAQALLD H If_(/f RO, . P oF L AQ OCCLRS -{‘//VT o
farke ACCEPT 48 (OVIROLL £ ANNCUNCE R A L aNT STATUS -
LOERFORMPNCE | 0L READ R AR NCTIFy T U ermpnTED —— ST W
MET) LFDR (HMCATIONS ST, ) 6 By aNTAMEA £ /£ REQUA
i . 1 g CONTROLLER ¢ *
| X ! " P |

———
i
. !
i | . 4
' |
. i
N e
.I LEFRESS CEFORT 7655 P
L APFLICAB £ NEORMAT 0N | C I
" SWITCHS) o RETRENSM I T rO 574 ) TERMINGTION
10474 TRANSMI | YES SoF medckinG 7 ok OUIRED SRIOR
GROUA. e R TELEMETR Y | QUIRED 1K10
LATA TC $79 14 TC NS OF
REGUIRED % PASS

RELEASE AL L
CEARESSED
SwrrcHEs AT
£ANO OF POST

| 0058 APOCED- |
URES £ STk
(PRELRRAR TN
FOR MEX >
VELNICL L

ANNOUNC E
OVER R 4. 70
TR
NATION FRG-
CLLOUARES.

ERNI~

I O AUTOMATIC CHORCE POWT

' CODE
| !

O Avromarsc Acrion
i NORMAL SEQUENCE

<> CPERATOR CHOKL POIVNT

() oxwaror ACTION
- ALTERNATE SEQUENCE b
i

T e MOTE AyrOMATE ACTION




O,
FEOGEL £

LIGHTS o OA7
ETA {ETT InDycats,
1) CREENT
YEHCLE GRaf

LT

8 STATION 372 -
7US GROUP &
GAVOMCE,

\prraNG £ £oR
ARCCRUMM

BOARD CARAGLS |
TC UiE SUS~ |
S7IrprE £QR

R Z VAR A I

729

FR o
£ rraszo,
I % o occurs

A f ANT STR7US
T /r REPORTED
8}’ ANTEANT !

| cCosarzNT
CVHARTORT /

|7 £74 =X SECX;,
OLPRESC TEET

OpER RA. |

! !

[ S

COAR, 7

NYge7 Faors

YES

57 ‘)
,

Y
'GMK Or O K 78
TIME FGR AUTC, s i

—
DESRESS L~
PReE 1y ST

T¢Q/V Ry L2474
G,Poaﬂ; AN

i7 . N

1 SRERGRE |

(£ IGHTT AT SUB-\
W SIS TN I

|[vouwcs onek
WY

COMA CHETA.
=

Aoy iy VER Y THBT |

LIGHTE O

BNT (Y TR0 R

ane SLLFCIFD

T TEST SRALUGE 7 09CKLRS :

\, ~ AXE SLArED, |

N | | S .
N

l\worwey 79

TAGT LA
CANNOT L&

—T SuPPOR7EL

Ry rd !

—

| |Conracr CO6 -

NIZANT OLLE -
I/«If CAG; £ COOR-

N D'J//{i/[ COR
RECTNE OR
FCOAEENSQICey |
I' ACT/ON.

—

—_—
1 RELOLT ACO 1 7

[(ArORMATICN | L Waow
Monr crorys IR D7

Vao v/

¢ e sounbrn

//‘4}? 75 S
TRAAM T 74D
TG 574 L“/rm(:

£ARSE

AAUA

7S

NOLrRE7BRS Tyl
NoN forrre 1,
, N ffaw/b‘ H

~
L__:_.:__J

ABUARLL, L6~
| pess Fnmee

| Swrrckl

GROUA

RLALOUVTS 1¥
T VI L

ZY//,?[) s u?g;g;

y7P y ! 0{/,?/”(,' %
QATA T, ;wff—v-.l L FQUIA

‘soniToR —Lj

imor A’[Aﬂ b4
/5 COMM

2958
| A0 URES.

o
& cowRoLER. . (074 TRgussn 7
[‘_L 5 i ' |£f0(/ A )
- R
S
OBSERIE 1T : o o
4 i . KIPORT = l e
Seonce MESCL £ £TR L : LEMETRy CEAD- AMaw O
TERMRATION |£77 & comeenr o e (00 T2 at 2440°
REQUIRED PRIOR 33 ;’ﬂ{;}‘ |FaDiCarions Vo YES o {éowj £
. @ % 0 ST 7 IS REQL 7O
7O £NO CF QD TERMINATION - RLLCRT PERL -
PASS s stewcE o cue- oUTS 7O
RENT VEN j[;a,eq o S7e
ENDC OXF PAISS. | L
N AC \7
FRL LR

£LQUIA

occuURs

s

[COpMNL CON-
| TROLLFRS IF

IALCTE TAEIR

ALRATSONS &
579 £ REQD.
ODORDINATL
\rCRRLEC T /¥
ACT/ON.,

FILURES)

AOTICY GHT £

074~ AYTOMATH ACT/ON

SHIFT SURERYV/SOR CPRFRLT/ON

SHSTEAT CRERATCRS

CONS OLE , AUSMENTATION FRCGRAM

HUMAY LGCTORS ANEGINELAING SECTION (682-2), 7278 7

KON SHCTORS & OAFRITIONS ANILHSIS DEAT | LAne

CO B4 rEy 11.18.62| xax

Fig. 3-1

Decision/Action

WDL-TR2026

Flow Diagranm

L__________.,__.__

l




WDL-TR2026

WESTERN DEVELOPMENT LABORATORIES

IS uoT3IduUNg SUTUOBW/UBW Z~f °S1d

me

/ 010 £31207847 ¥

"12uT ¢ a18uy Hd

vdg | °Idul _z 213uy '3

03 pomMals :smol104 sE

AT1EBnuBWw 3q ppId212g 24 IS0 | wuorirsinboesy
Leuw eUUD JUY ui933eg yoaeas 0 = V14 uoiewvsay eoedg H iepey
ke YIIHNON
STy AOVaNdov AWTL NOILONNA

vl “ ‘ n NOLLONNA WALSASHENS

PHILCO



WD1.-TR2026

g18A7puy MOT4 uoljeWIOIU]l £-§ °B1d

SSvd ONINNIO 38 SHIAHD NOLLYDI AIMIA SHILINVHYD ONIXDVHL
40 8V.S WYHO0Hd ONDIOVHL N3LSASEBNS TYNI4 JON3INDIS ONYNNOD IOSSAN SSYd3Hd YIS SHO3HD SSwd3dd 'IOFSSIN 40 3dAL
[o] S ol [v ot St
i3 vi3 Vi3 vi3 v vi3
4 t w«‘ + Y La] P Y
R e fee mines e s s g 8 T S
Rzl T i LTI T e e T T SRS L s s s s mas
I N T LA e C—_—,
il I —
- .. t—_— —
e T m—— e
— ——— e — ¢ . . - G2
e
Jallnr' .4/4.!’.Um.l‘|l|\\‘lll‘|\|\lllll —~ ~—
— e T T— e ——— € — € <=2
i ——— ——————— - ——
4 08
T TS Chai
< VoW SINSSIN IVI0L
TSN 1l 203NN
————— Q0
- - AL/
00!

V07 SNOLLYDINNNINGD SSVdERId

WESTERN DEVELOPMENT LABORATORIES

PHILCO



sisATeuy mol4d uoljPWIOIUT H-f *B1g

WDL-TR2026

ONKINVWHOD
S1N0av3Y SLOQV3N SNOLLIINGO
1NIOdGIW LNIOJQIN d AMIINETEL SSVd WILNI NOLLISINODY
S-¥ Y Y ZH Y
0
=
HOLVH3HO HOV3
T os A8 Q3ONVH
S3OVSSIN
WIOL 40
IVWINIWE O
™
X
............. WL
———— DWW
m———— — O8I
T ool
||||| — AL/01

JSVHd SSvd WILINI
Gv0l NOILYIINNWNOD

LABORATORIES

WESTERN DEVELOPMENT

PHILCO



WDL-TR2026

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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SECTION 4
HUMAN ENGINEERING EQUIPMENT DESIGN

4.1 GENERAL DESCRIPTION

Human engirveerirg egquipmert design converts system analvsis data
and subsystem specificatiors into derail corrrol/display, commurica-
tions ard facilities desigre ir accordance with MIL-STD-803. The
desigr acrivity starts aftzr the initial man/machine allocation is

made and continues throughout tae egu:ipment development cycle.

The human engireerivg dzsign phas2 comprises several tasks which
are clesely related and may te performed simulraneocusly. These tasks
ircludz: (1) listing of equipmentr for deteil design. (2) design of
control/display equipment. (3) developmernt of mock-ups, (4) experiments
utilizing dynamic simulation. ({5) specification of human engineering
design for equipment procuremert (6) furctional design of communica-
ricrs equipment. and {73 specificerior of fzcilities design. These

tasks are describzad it Paragrarns 4.z through 4.8.

The desigr phase 15 corcerred with rh2 seiecrion and specification
of covrrcl/display componst.t:, layour ard arrangement of comporents
and equirment configuratior. of commericarion nets, and specification
cf wocrk covironment. The key a=31g1 parameters are accuracy. time,
frequency efficiesncy mairtairakility. rzliacility, and safety.
The limits of rh=23e paramerzrs are dzfined 1r the system anzlysis
documenrarior and sutsystem performanc: spscificzrions. Thase limits
may te modified or specified more sccurat:<ly during the equipment

design phasza.

4.2 LISTING O EQUIPHENT FOR DETAIL LESIGN
The first step in vjuiprert design 15 to identify the end items
of equipment for human ergineering dezign. The identification is
made after the operatirg positions arc defired and the decizions
are made &as to off-the-shelf procurement versus new developmernt.
The 1ist is subtmitted through the MSAP Office to AF/SSD in accordance

with Exhibit 62-44A.
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4.3 DESIGN OF CONTROL/DISFLAY EQUIPMENT

The design of control/display equipment irvolves componznt
selection, panal 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 irformation inputs and operator responses as specified in the man/machine
functior lists. Panels are designed and located on the basis of
sequence, logic and vtilization data as shown on decision action flow
diagrams and man/machine function lists. Static mock-up and dynamic
simulatior may be required to selecr an optimum design or to validate

the dasign of control/display equipment.

The erd product of a control/display design is a rackage of data
cons.sting of a recommended control/display equipment configuration and
location, and ratiorale for the recommended design including available
experimental data. The design is reviewed and trade-offs are made
with the Subsystem Ergineerirg Departmert. Upon selection of a design
arprcach, the data are revised and submitced for inclusion in the pro-

curement specification and facilities design criteria.

4.4 DEVELOPMENT OF STATIC MOCK-UPS

Fuil szale static mock-ups of control/disp.ay consoles may be used
to vzlidate the console corfiguration and arrangement. Primary ccn-
siderariors are the accessiocilicy of cortrols and the readatility of
display:, particularly displays sharad by more than one operator.
Mock-ups are constyucted of cardboard or other equally inexpensive

self-supporting material, and are updated to reflect desigr 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 cther sourcas. The experiments may be used for evaluation of

P H | L C o WESTERN DEVELOPMENT LABORATORIES
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competitive designs of complete operaring positions or parts thereof.
Statistically treated error, response time, and communications 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 PROCUREHERT
Equipment procurement specifications include requirements for control/

display design as developed by human engineering and subsystem engineer-

ing. Human eungineering inputs to the specifications are provided ir

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 COF COMMUNICATIONS EQUIPMENT

The functicnal design of ccmmunications 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 commurications design. The human engineering communications design
documer:tation 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 FACILLTIES DESIGN

Human engineering and subsystem engineering determine work space
requirements, location of contrecl/display and communication equipment,
and acceptable environmental conditions for facilities design.
A preliminary equipment layout drawing (see Fig. 4-4) is prepared and
submitted with other human engineering design dara for subsystem
engineering review and concurrence. The Subsystem Engineering
Department submits the data for inclusion in the facilities design
criteria. Human engineering sigrnature approval of the equipment layout
drawings assures that the facilities design meets human engineering require-

ments. -

B
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4,9 MSAP PHASE A HUMAN ENGINEERING EQUIPMEw'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-Staticn 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,

b}
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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, 'Human 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 performance 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-oif
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

5-1
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design requirements, it is vresolved through design review action with
progressively higher levels of technical managenent 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 contrcl/display layout
drawings are reviewed to assure compliance with the previously

established human engineering design for the subsystem.

2. Procurement Specificatiocns

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.

v
1
&
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5. Programn 0ffice Change QOrders

Change orders are reviewed for changes affecting human

enginecring 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 enginecers
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.

L
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SECTION 6
HUMAN ENGINEEWING ACCEPTANCE TEST ARD DESIGH 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 coapleted 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 verificarion

results.
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The acceptance test and the design verification procedures are
outlined in the following paragraphs. A detailed design verification
plan is veing 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 equipunent 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 mechanical
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

v-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 Cffice and coordinated with the Station Integra-
tion Office. The staticon 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 instrumentation.
The verification results and the recomnended 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 wisual, 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, 1&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 operatiomn: 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 wverifi-
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 1&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, comnunication
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 laregelv on the iudgment 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 contrel/display 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 wverification data.
Human Factors Engineering Department personnel will analyze
the initial verification data to determine where additional
observations may be required to gain additional confidemnce in

verification results,
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SECTION 7
HUMAN ENGINEERING
STUDIES

7.1 STUDY REQUIREMENTS

The MSAP Phase A Human Engineering Prcgram has revealed the need
for development of anlytic technigues and experiments to provide design
data and to support human engineering at system and subsystem levels.

The study requirements are primarily dve 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 Followr-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 Contract 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 tec this phase. On-site modifications were

documented and statiorn communications and control/display capabilities

were evaluated. Some general design recommendatiomswill be in the evaluation
reports to be published in early January 1963. The second phase would

define operational requirements for all programs tc be supported by the

UHF system and convert these requirements tc human engineering design
criteria. Examples of the problems tc 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 mcdel 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 Sutiystems 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 compliex 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
functions, STC-site information flcw. intra-site information

flow, and the operational management structure.
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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 cperational and on-line maintenance tasks (check-
out, etc.) at some level within the cperational 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 tc establish the need for this position

and to specify the design of associated control/display

equipment.

4, Esteblishment 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 aand information flow can be optimized.

Some of the questions that need to be answered include the

fecllowing:

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

b. What are the operational information requirements at the
various leveis 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 discussicn,

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

PHILCO
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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. 1Is STA-site information flow compatible with the on-site
operation?

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

c. What are the effects on the information flow duve 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 performance could be measured rather
than evaluated on the basis of versonnel 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:

74
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a. A definition of terms, goals, and applications,
b. Derivation of the measurement formulas,

¢, 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 1I
Phase 11 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 II1
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,

¢. The compariscn 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 estatlish 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, znd 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 otjectives and to
minimize the need for field modifications. Design standards
must be upgraded and continually imprcved to keep abreast of

component developments.

3. Study Qutline

The major steps required to establish the design standards

are as follows:

71-€
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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 thzir 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:

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

(2) Make determinatrions 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 resuit 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.

7-7
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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 62-444A.

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 aystem analysis effort.

3. Milestone 3. Design Complete

The end date of human engineering design contribution to MSAP

equipment design.
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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 af in-plant human engineering acceptance

tests and 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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