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EXECUTIVE SIThIIARY

For weapon systems where human performance plays a significant part in

successful operation and support, human factors engineering can be

profitably applied if it is initiated early in the development cycle. For

many such programs, including SOTJ&S, optimal human perfo rmance has been
critical in meeting basic mission functional requi rements. For SOTA .S~ this
need has been reflected in the design of a combined man/machine system
with sufficiently quick response and high target predictive accuracy to be

effective as a target acquisition sensor. Human performance has also been
found to be critical in assuring the effective integration of the develop—

mental system into the operating force structure in terms of both
operational interfacing and cost.

Personal interviews of SOTAS program team members and analyses of program

reports have been utilized to investigate the philosophy and procedures
which have been successfully used in applying human factors engineering

to the SOTAS development . These procedures were incorporated early as a
part of concept development and system design. Throughout the validation

process of demonstrating integrated hardware, human factors have been

considered in the allocation of operational functions and procedures, and

in the design of workspace, displays, keyboards and other elements of the

total man/machine interface. The development of a detuiled system

simulation has also been a very successful tool in op~cimizing system

design and in establishing effective training proce.iures and personnel

requirements.

In the SOTAS development as in some other programs , human factors engineer-

ing also plays an important and politically sensitive role in test and
evaluation of the system. In this case much of the test and evaluation

procedures have been designed by the human factors engineering team in
conjunction with the Operational Test and Evaluation Agency. In this kind

of role the credibility of an unoiased human factors team is important in
assuring acceptability of the test evaluations.

This report attempts to review and summarize some of the management
philosophy and human engineering procedures which have been successful in

ii
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the SOTAS program in providing a balanced approach for meeting mission

objectives. By reviewing these philosophies and procedures it is hoped

that some guidance can be obtained and applied in other programs where

human performance is critical to success. -‘
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PROBLEM STATEMENT AND STUDY OBJECTIVE — iF~CTION I

Essentially every weapon system in existence is dependent in some signifi-
cant way upon an integrated “human subsystem” for its effective operation
and/or its maintenance and support . This critical role of the human sub-
system together with the greatly increased proportional expense of human
resources makes human engineering analysis and design a critical discipline
in effective weapon system development. Although this area of technical

development is becoming increasingly important it remains relatively un-
familiar to most program managers ( i ) .  It is the purpose of this report
to present an overview of management philosophy and application techniques

which have been effectively used to incorporate human factors engineering

into the Standoff Target Acquisition System (SOTAS ) development . The

lessons learued , both good and bad , from this type of practical example,
can provide guidance for program managers in the future.

Human factors engineering is defined in Army Regulation AR—602— 1 as a

comprehensive technical effo rt to ini egrate all personnel characteristics
( skills, human performance , behavioral reactions , biomedical factors,
training implications) into Army (Service) doctrine and systems to assure

operational effectiveness, safety and freedom from health hazard s (2 ) .

DOD Directives indicate that human factors engineering should be iinalemented

early in the weapon development cycle utilizing a total system design view-

point which focuses upon the Personnel—Material—Missicn Performance in the

development and operation of the system (3).  The Human Factors Engineering

development program begins with a long range development plan which is

incorporated at an early stage as part of the overall Program Management

Plan (pi,ip). Throughout the weapon development cycle this plan will inter-

relate closely with the System Design Plan , the Test and ~valuation

Management Plan (TEMP) , the Integrated Logistic Support Plan (IL S) ,  and

other elements of the overall program. The progression of human facto rs

engineering tasks which are typically addressed during the sequential phases

of weapons development are indicated in Figure 1—1 . Elements of program

documentation used to define and characterize the Human ~‘actors Engineering

Plan are also indicated.
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The benefits of effective Human Factors Engineering in program development

can be staggering both in terms of total system performance or effectiveness,
as well as in terms of system life cycle cost (LCc). In today’s typical

weapon system, tse operation and support costs of the system renresent, on

the average, over 50 percent of the total life cycle cost (4). For most of

these systems, personnel and personnel related costs comprise the biggest

portion of Operations and Support (0&$) costs. In the scenario of an all

volunteer defense force, personnel related costs are currently the fastest

growing portion of LCC and therefore worthy of a major amount of our

attention during design and development .

For the SOTAS system in particular, effective Human ‘~actors Engineering

was equally important in assuring an effectively integrated man/machine

system capable of meeting the performance requirements demanded by the

Standoff Target Acquisition Mission requirement . In this case Human Factors

Engineering played a significant role in develop ing and evaluating a system

which had to have quick response and accurate target predictive capability

to be acceptable to the “user” as a practical target acquisition sensor for
weapon control purposes.

Thi s report is intended to provide some insight into asDects of ~rogram

management philosophy and methods of human factors engineering which have

been successfully utilized in developing the SOTAS system. This is done in

the hope that variations of these methods and techniques r~ight be useful in

other programs as well. The report is organized into four sections. The

first of these outlines the general human factors problem to be addressed

In SOTAS and summarizes some of the accomplishments to date . The second

section describes the GOTAS system and its mission objective while the third

section provides details of the human engineering process as applied to the

• SOTAS program. The final section summarizes conclusions and fo rmulates

recorimiendations for human factors engineering in future programs.

SOTAS AND HUMAN FAC~~RS ~ flP~ERING

The ~OTAS concept is one which is very much dependent upon effective

integration of both human as well as material subsystems for maximum

perfo rmance. J3ecause of thi s, the need for Human Factors Engineering was

3
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recognized early in the program by both the ~rogmm - anagenent Office and

the DA staff. In addition to the usual requirements for minimizing O&S

costs of the system it was critically important in SOTAS that the total

system be capaule of “near— real—time ” response and accurate tar~et

positional prediction so tz:at it would be “bought” by the “user” (5) .

The Human Factors Engineering plan was conceptualized by the PL~ and the

De artment of the Army System coordinator (DA ~ C ) ,  arid was integrated into

the overall ~;OTAS program management plan . Honeywell Systems and Research

Center in ~innean~ lis was brought in as an outside contractor to develop

and implement the Human Factors Plan . The Human Factors ~h~gin eerir~
• activities had to be effectively integrated as a part of: (a) system,’

.iardware design and development; (b) operational procedure development;
• (c)  test and evaluation; and (d) personnel and training development , as

a part of ILS development.

In accomplishing these objectives, the SOTA S Program ~7anagenent Office (r~1c)

was faced with a number of potential problem issues, including: (a) free

and open communication between contractor team members; (b) “objective

status” of the Human Factors Engineering team in the eyes of the “user” ;

and (c) effective integration of human factors analysis and design ir to

hardware design . The means by which these and other problems were solved

or avoided is the subject of this report.

H1J~.A~ FACTORS STP?~ARY IMPACT ON SOTAS

Early in development the SOTAS concept for achieving the standoff target

acquisition mission was recognized by program management as being a

“man—critical” approach (6) .  By c rganizi~~ a program team which included

Human Factors L~ngineering as well as system and hardware design engineering ,

a balanced developmental approach resulted , which served to optimize the

effectiveness of the system in meeting mission objectives. Working to—
• ge ther , thi s team has successfully demonstrated by developmental and

operational tests the feasibility of 3(~TA~ in meeting mission rcquire~ents
of acquiring, tracking and predicting targets from long standoff with high
accuracy and near—real—time response.

In meeting this objective human factors related accomplishments in

4
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• particula r have been focused to date in four areas including system

functional analysis, workspace analysis, simulation develosment, and

operator/crew procedures and training. ~~suing activitic~s will address

the broader picture of integrating SOTAS into the total tactical battle-

field scenario with emphasis being given to development of optimal

SOTAS/uroc interfacing.

Human Factors ~ngineering has had a significant impact upon the SOTAS

system configuration and design . ~omo of the most important issues

effectively resolved have included the following(7) : (a) contro l van

layout geometry and design has been specified for near-optimal man/machine

through—put efficiency usin~ ooerational test data, full scale mockups

and simulation test data; (b) information through—put efficiency has also

been improved with greater integration of system operation functions on

fewer displays by using “higher order” mission oriented graphics for both

operator and OIC consoles; (c) keyboard designs have been developed which

decrease the use of raw alpha—numerics and increase the use of mission

oriented function keys to achieve greater through—put; (d)  development of

near optimal workspace design within the constraints of control van
geometry to reduce operator fatigue arid increase accuracy and through—put;

acification of automated or semi—automated target “picking ” and
-
~ ~~king software and ositional predictive software to decreane onerator

workload and increase through—put ;  and (f)  development of data s~rnmariza tion
and reduction software .

The human factors wo rk has also had a pronounced impact unon system
manning as vei l  as operating and training procedures. The ~~lloviing

• points illustrate a few of the most important develonme~ ts in this araa(~ ):

(a) development of an extensive computer simu1ati~~. of the ~JCTA S system
which has been effectively used as a tool in man/machine interface design
and as a - rototype training aid; (b) esthblishment of sasic four-man

operating team consisting o f  t o  “search and trackimg operators (~ T C) ,  one

“Officer in C~ nrge ” (010), and a “co-’imunicator”/standby operator (C);
(c) empirical development of efficient functional portioning ~etween

o~m:’ntors , OIC and hardware/software; (d)  expansion of the OIC’s inter-
active and capability by including a combined map digitizer and target

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



status display at the OIC station; (e) development of operating procedures
• and guidelines for operators and OIC ; (f)  development of detailed ,

documented crew training procedures using systeal simulation; characteriza-

tion of desired training background (MOS) for crew members.

Future human factors activities in the development of natural and

efficient lYrOC/SOTAS operational interfaces are expected to greatly expand

the tactical utilization of SOTAS for both standoff target acquisition and

• reconnaissance missions.

6



& TAS SYSTEM DESCRIPTION — SECTION II~

SYST~~1 ~~QUIRE~~~ TS

The Standoff Target Acquisition System (SOTAS) is an Aray Division hell—

borne radar and ground control/display system that detects and tracks
moving ground targets in forward battle areas as illustrated in Figu re 2—1.

The fundamental objectives of the system are: (a) to provide an all—weather

target acquisition capability with sufficient accuracy in tracking and

predicting target activity with emphasis on the second level enemy staging

areas behind the forviard edge of the battle area (PEBA) ; (b) to provide

an all—weather reconnaissance capability for :n~~ eillance of enemy

operations including second level stages areas Peycnd the F~3A~ 7).

A number

of import ant guidelines are to be observed in the process of developing

the SOTAS system to achieve the above oojec~ives. These are : (a)minimize

the SOTAS development cycle with a goal of interim deployment of the

system within four years after program initiation; (b) minimize manpower,
training and support costs in operation; and (c) utilize a minimal Program

office staff. The orogran objectives, together with these im- lementation

guidelines, meant that effective, efficient , and probably long term

contractor relationships would have to be developed , and that off—the—

shelf hardware or variations thereof, would be required as a baseline in

developing the system.

The functional operation of the system is indicated in the f~tactional

block diagram shown in Figu re 2—2. In this scenario, tho helicopter

provides an elevated platform from which a high resolution radar v:ith

“moving target indicating” (MTI ) carab ility can view the battlefield on

the opposite side of the Pi~BA. The helicopter’s exact position is

monitored at all times by a ground based tracking radar which is located

in the tracker van as shown. This Tracker Subs~-stem continuously

communicates the helicopter ’s position back to the helicopter, using an

RP “up—link” . The data processing assembly within the helicopter then

takes toe MTI battlefield imagery data derived from the airborne radar

7
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and together with helicopter position data, transmits this irffoxTnation

• back down to the ground Control Van , u~ Lng a separate RF “down—link” .

Within the ground Control Van, the raw target Video data and the

• position reference information are then processed and selectively displayed

under the complete control of a human operator(s). The human operator(s)

also control the viewing scene of the airborne radar by commanding

• helicopter flight maneuvers via a voice link to the pilot. The control

van operator(s) also controls the selection and formating of wide area

surveillance situation reports and target data which is sent to the

Division Tactical Operating Center (DToC). All of the above operations
are of course performed in essentially “ real—time” .

HUMAN ENGINEERI NG REQUI 1~FP~ENTS OF THE SOTAS SYST~~

After familiarizing ones ’ self with the SOTAS system description, it is

immediately clear that the “man—in—the—loop ” is extremely critical to the

successful operation of this particular system. The basic goals to be

achieved in developing the man—machine system design were: (a) to minimize

target data “through—put” time so that SOTAS could effectively serve as

a moving target acquisition system useful in directing weapon fire;

(b) to verify the operational accuracy requirement especially in azimuth
• resolution necessary for the system to perform as a target acquisition

and reconnaissance sensor; (c) to minimize manpower , training and support
requirements in order to minimize out—year O&S costs; and (a) to design

the total SOTAS man—machine system to achieve the shortest possible

development/deployment schedule.

The human engineering aspects of this program had to be incorporated from
the start and had to proceed in a completely interactive partnership with

hardware development. The management process for successfully accomplish-
ing this rather unique task is the heart of thi s paper.

The human engineering design of a system is something that in many cases

is neglected or at best put off until it is too late to impact hardware

or operational/support design . However , in the SOTA S system the critical

• operation and support requirements demanded an early consideration of

“human subsystem” in conjunction with other hardware. If , for examnle,
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the target data “through—put” time could not be reduced to near real—time

so that the system could perform as a target acquisition system, there was

a real chance that the program would be killed early in its development (9) .

The sasic functional areas which were addressed by the “human engineering

team” were: (a) personnel subsystem design, including crew composition ,
training requirements and procedures, workspace layout and crew station

configuration, target display formats, target data processing and tracking

procedures; (b) SOTAS operator/machine interface design leading to

specification of the interface hardware (displays, keyboards, etc.) and

software (data processing and foxmating algorithms, etc.) necessary to
t ransform raw target imagery into data suitable for ]YI’OC utilization;

(c) ~/TOC Interface Design including specification and evaluation of

communication linkB to elements of the DTOC as well as detenninimg utility

of distributed control input in selected areas of ]Y3~OC; and (d) training,
• system evaluation and support design , including the development of training

hardware and software, development of system evaluation procedures, and

the design of maintenance and support concept (io, 11, 12).

PROGRPJI DEVELOPMENP PLAN AND STATUS

The SOTAS program concept was initiated by the Deputy Chief of Staff for

Re search Development and Acquisition (DCSRDA ) in late 1973 based upon

capabilities of the radar system which had just been developed by General

Dynamics as part of the Advanced Longrange Attack Radar Program. It is

probably worth pointing out that the user Training and Doctrine Command

(TRADOC ) was not directly involved at this time , but was first officially
involved in the program when the SOTAS study advi sory group (SAG) was

formed in June of 1975. In ~arch of 1975 the SOTA S program was officially

approved by the Director of Defense Research and Evaluation ( DDR&E ) and

the SOTAS project office was established by the Development and Readiness

Command (DARCOM) with the Electronics Command (ZOOM) Radar Lab as the lead
development lab. An abbreviated program development task sequence is shown

in Figure 2-3.

The SOTAS program was somewhat unique in that since much of the basic radar

sensor hardware and the basic system concepts had al ready been develooed ,

11
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it was possible for the program to move almost instantly into the concept

validation and demonstration phase. At this point, SOTAS was not considered

a major technology program and was operating on 6.2 and 6.3A funds under a

broad Operating Capability Objective statement from TRADOC. In light of

this, an Army System Acquisition Review Council (ASARC )—I review prior to

moving into Concept Validation was considered unnecessary.

The Concept Validation phase vias fundamentally focused upon getting ready

for Developmental and Operational Testing (DT/oT)—I with the purpose of

resolving the following questions:

(a) Can sufficient azimuth resolution be achieved for target

acquisition and su rveillance using a single heliborne sensor or

will a dual platforn (trilateration) concep t be required?

(b) Can the system “through—put” time be sufficiently reduced to
t~near_rea1_t im&~ using software data processing and other

“operator £id.s” so t}at SOTAS can be effective in directing fire

against pote~ ti~J tax~ ets?

(c) Is the target t~~o :ing accuracy and response time of the SOTAS

concept suitable Thr weapon delivery?

(d) Can op rator an~. t;unport requirements be sufficiently simplified

in the iOIi~J o~~ rating concept so that the system can be cost

effectively de — ~ c•yed in the field? (9)

As of the present t ire (3~~tenber, 1977) the SOTAS system concept , using a

single platform helibcrm~ ~?I radar sensor, has been successfully demon—

strated during de-;elc~ - 1 testing at Hunter Liggett and VTni te Sands

resoectively, an~i at  • r i ~~cr ~al field evaluations conducted in Eu rope

during Reforger ‘76. :1 ~~te:-i is presently undergoing further field

operational evalt-~a i c ~~t iii ~urope during Reforger 177• The program was

established as a “major ~r~y ’ program in late 1976 at the request of

DDR&E and a DCP i- be -
~ 

c- 
~~~~ulated based upon a firm Requirement for

Opernticnal CaPabili ty ( : ‘ “)  ~ow being issued by TRADOC. An ASARC—II

review is plann2d in ~~~
- 

~~ •
-
~~•,  1 978 before advancing the program into Full

Scale ~r.gineeri . : cvel ~ :~ t.

Sunr~arizing f r  •~ the t - t  nian presented in Figu re 2—3, the key

14
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development achievements in the program to date have been: ~
) concept

initiation by DC SRDA in January , 1974; (b) T~ iP and Developt~ent Strate~~r

structured using Human Engineering Design Concept—A pril, 1975; (c) “D’PlA” —
Hunter Liggett Test—successful demonstration of adequate azimuth accuracy

using single heliborne system— important milestone in achieving user

support—April , 1975; (d) “DTlB” —White Sands—successful demonstration of

“real—time” operating capability;

(e) briefings to General DePuy (TRA DOC) and General Brady
• (CACDA ) result in “official” user support of SOTAS program; and (f)

“OTlA”—Reforger ‘76—successful operational demonstration of SOTAS in

• Europe—September , 1976.

15 .
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THE HUMAN ~NGI~~ERI~G 1 Ar;AGEMENT PRC C~ 3~3 A~:D PHILOSOPHY IN SOTAS PRO GRAM

— SECTICI III

SOTAS PROGRA~ ~ AGI~”E~T ORGANIZATI IT

The SOTAS program is officially organized within the Army and Office of

the Secretary of Defense (OSD) as shown in Figure 3—1 . However , as is the

case with most project offices, SOTAS’ actual operating structure within

the Department of the Army and OSD is somewhat different. The structure

which most accurately represents the principal o~eiational interfaces

involved in the program is shown in Figure 3—2. SOTAS utilizes a very

“lean” program mat rix structure and as with all other organizations,
activities can be categorized into the usual hierarchy of “ strategic

planning” activities, “coordinating” activities, and “operational”

activities. Within the SOTAS office these functions are overlapped as

illustrated in Figure 3—2. ~lithin the “strategic” activities , the long
range planning and strategy fo rmulation is really done primarily by the

DASC and the Program t~anager , who seem to operate together virtually as

co—program managers. Through the DASC they also maintain a very close
working relationship with the technical coordinati g officer at DDR&E in

much of these planning and initiating tasks. This very active and

aggressive role of the DASC is somewhat unique in trogram management.

In the SOTA S project , a strong DASC and a strong program manager working

together as a team appear to have directly contributed to the success of

the otherwise very “ lean” program staff matrix.

The ~3tudy Advisory Group of course also olayed a significant role in

strategic planning activities. J:ov,ever, t~is role was less of an

“initiating” role and more of an “advisory ” and “ reviewing” role . The SAG

was made up of members from DDR&-~, ASA (I~&D), ) C3C 3 , ~X~~RDA , DA (PA :S),

DA (Com~troller), DA (OpaRes), AC~i3I, 1X~SLOG, Tf~A~~C , CACDA , !JARC~ J.I~
Air Force , ~arine Corps, and the SOTkS P~ .

The coordinating activities within this overall management structure were

largely handled by the DASO and the Program I !anager. For downward coordina-

tion an informal and flexible but effective relationship was developed
between the i)AiC , P~O sorsonnel, •~co: : functional support per8onnel, and

contractor ‘Te rsonnel. Pro ram coordinatic n ;ithin this group was accom-

plished using frequent informal face—to—face program reviews.
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Upward “coordinating” activities were accomplished by t h e  DA.~C/OI~ using the

SAG members and their contacts. The DAgO was the most active in this

arena, but required the constant support of t~.e program ~itnager.

• The r~utine “operational” activities of the SOTAS program were necessarily

structured al~riust entirely around contractor activities together with the

interactions of the py~ staff. The ~royram manager was of course

intimately Imowledgeable and involved in these activities. It is unique

in this nrogram that the DA~C officer also maintained a close relationship

with the operational groups. Because of the close coordination between

the DA SC and the py, this interaction of the DA3C at the operational level

does not aDPear to have detracted from the leadership and control functions

of the PM in this area. Frequent face—to—face contact between contractor

teams was forced by the P~O throu~r~ the use of frequent on—site reviews.

Althowth the travel re~uirements became significant ninny critical interface

desiçn problems were in this way either avoided or solved early in

development (6).

MANAG ~ ~E1~T 2HILOSOPHY

The management pi:ilosopby of the SOTAS program is largely set by the

Fropran ranager and the DA SC. Although thi s ohilosophy is one wnich seems

to be working effectively in li~ht of the program constraints, it is not

necessarily the only successful philosophy which might be e:r~loy~ d .  It

might certainly be different with a different combination of individuals

involved.

A major 7art of t h e  developmental philosophy of the JOTAS pro~T ram is to

integrate existing or “nearly existing” hardware subsystens in order to
demonstrate a sufficiently accurate , real—tim e standoff tartet asquisition

system in the shortest possible development time. Th~iis develcm~en tal

philosophy has necessitated a lean but dynamic program organizaticr. which

is adaptable to change and which i~ able to progress rapidly with a ntnimal
amount of bureaucratic impediment. In order to achieve this, a mana ener.t

philosophy is utilized which maintains an informed and very interactive
relationship wit~~in the pro~ram orranization includl ig the contract~ r

teams and the iA~;C officer. Pro , ~rnin control itill remains very definitely

_ ~~~~~~~~ -~~~~~~~~~~~~ - •~



in the hands of the program manager/DASC although all team members are able

to freely contribute . The PM , the DASC and program element managers both .

within the PMO and contractor’ s organization seem to be very personally

compatible , which allows interpersonal exchange at all levels without
-• hazards of interpersonal risks.

This kind of dynamic relationship in the pror•ram is necessary in achieving

progm~-:: development goal s, hut can also lead to potential problems in

contractual relationships ani documentation if these areas are not care-

fully addressed. The management information system in the SOTA S program

is not rigidly structured but seems to be successful. It consists basically

of infoi~al but dependable coumunications between principal individuals

at each of the team ~er~ber organizations. The telephone is invaluable in

this communication but frequent face—to—face review meetings among all

team menber ~xthcipal s at the various or~arii zation facilities has also

proven effective . ~ithin the ~~O itself, weekly staff meetings have served

to effectiv~ly insure disseLlination of pertinent information gathered by

individuals. Telephone logs , meeting minutes , monthly technical reporting ,

as well as interim and final taiks .re utilized and disseminated to team

mem era. itazidard monthly funds status reporting has been used on the
present cost—type contracts as opposed to Cost- Schedul e Control System
Criteria (C/sc sC ) reporting. The informal telephone and face—to—face cost
monitoring techniques have proven most effective to date. Costs have

consistently been controlled to budget baseline (6).

A very important aspect of the program management philosonh.3 resulted from

• specific issues with the “user” during the early phases of the r r o 7 r~~ m

prior to DP/OT1 results. The specIfic issue was the capability of the

SOTAS system to provide very accurate target location data in moving

targets in “near—real—time” , so that the info IT:lntion could be effectively
used by a tactical commander for fire—control or weapon guidance. In
resolving these issues with the user, the probrn~- ~ffice was very much

dependent upon the human factors engineeri .g team to optira1 ze the total
man/machine system from the standpoint of “throughput” response and tar -et
location and prediction accuracy . In addition the program office was
dependent upon the human factors team to assist in desi nin~~, conducting
and documenting a totally unbiased DT/OT 1 test and evaluation sequence
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whi ch wuld be beyond critici~~ (9).

The result of all of this was a souev.’hat unique program :oni~aL;o: en t

philosophy which required that the human factors engineering contractor

L aintain, as m uch as possible, a neutral position regarding sy otem

advocacy. Thu s he woo discouraged during the initial phases of t h e

program, from participating in any other hardv;a re developmental aspects of

the program here fu ture production potential mig ht jeopardize his unbiased

posi tion. This is a critical issu e in the P~ O/contrac tor relationshi p and

is one that must be very well unders~.ood by both parties from the very
• beginning. In this case the issu e arose because the .~non Tn. c~ ors

cori tr m c tc r  team was involved in defining and csohbictin. ~s o~ svndunot i :n

• as well as t:oe desig~ of the man/nochi~ s s~ stem .

hnoth e r isoue which of course also io~pact s this tyn e  of ~~~
exclusion” :slaticnship is t~at of “tee Iciogy trancfu:i n

contmctcno . ?~is con occur v h e u e v ?r  tow or more of t :e  c::~t zmet  rc on

the devel ~ut team have similar corporate caoabilit ~ cs ~n:J

o • . s v s d .  hen thi s siwiotion ~ccurs bao~ ln~e e  critc~~ o fo r

j of~~ a:i~ e::ch s ne must be established and mtnally  nnos .  m d .

• aloe be n 000sary to define and agre e upon hardware exclu:ic.n rslationshit ’~s

th m~o h  the ~-~~D phase to the point ‘ hire the product ba selin e in defined
• and neces:ery right s—in—data are acquired. The hazard of not tah ir.,~ these

S . :-:OO(is c~ :recautions can be “stifled” commun ication bet . een dev c lo -~~r~~t

team ne. .Ler : and contractor protests du~~~~ ceotractual recurs: tent

reeul tiar im disastrous delays.

- .J . P .P-~RI~.G PLAN

The :—:5-~T O  o tors  engineering in the Py ih3 nrc grao mc cri ia: ly ~ocer—

w ted Pu ~er to develop an opti: .al s~~~~uac :ime ir .~ eractive sy stem

wh i ch i l : :  (a) achieve sufficiently sho rt tarbet thnsu[:h~ut tine in order
;~~~ : . . et  ‘ -h --t iue ” requirement for  fire contro l ; and

(b) c . m t - u .~e adequate azimuth accuracy in t a r~ ot ident ifica~ L C f l  mmd

f:e~ ~~ng standoff so t at the sy stem is voluasle in r~ c :una:,  - ce
as n.~~U n r :  ~~~~on guidance ( i i) .
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3ince the SOTAS system concept is dependent upon the human operator team

working in conjunction with the hardware subsystem, human factors design

• optimization was critical in achieving the above performance requirements.

• Once these performance characteristics were demonstrated to the satisfac-

tion of the “user” community, the emphasis in the human engineering design

effort was able to be directed at op t imizing the training and support

design of the system.

Thus, the human factors involvement in the SOTAS system has been directed

• in the following primary areas of activity: (a) SOTAS System Functional

Analysis and Functional Partitioning between Hardware/Software/Human

• Subsystems; (b) Human Subsystem Design includiug i:achine/operator/]yToc

Interfacing; (c) Training and Operational Support Design; (d) Hardware

and Software Design Specifications; and (e) T&S Design, Sxecution and

Analysis (7).  See Figure 3—3.

This organization of human factors design activities is fundamentally

similar to that utilized in various other weapon development ~rograms

within DOD (15). One fundamental difference, however, is the significant
dependence upon human factors design and documentation of test and

• evaluation tasks in order to demonstrate to the “user” community the

capability of the system to achieve high accuracy with “near—real—time”

resoonse.

The first of the human factors task areas addressed the functional analysis

of the total SOTAS system within the constraints of its mission requirement.
The objective is to obtain an optimal functional partitioning of tasks

between hardware, software , and human operator as well as DTOC subsystems

• (14) .  Info rmational requirements and priorities are defined at all inter-

faces. The human subsystem de~~~~ task has addressed such issues as crew

• composition , operating procedures, I/o design requirements including key-

boards, graphics and software aids , wo rk area layout design and inter-

communication design.

Training and Operational Supnort Design has to date pri:iarily concentrated

upon training requirements, procedure s, crew performance evaluation, and
training simulator development. In the future , as r -art of this tt~sk the
human factors team will also address operational support and maintenance
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• requirements and procedures.

Much of’ the human factors design effort has resulted in the partial design
specification of many of the prototype hardware and software iteias
including the SOTAS Control Vai layout, grashi cal disp lays , keyboard s,
and software aids. In addition , as part of the SOTAS program the human

factors team has been tasked with major involvement in test and evaluation

• planning, execution mmd analysis. This role is a sensitive one and is
one v;hich can compromise or limit the human factors contractor in teros of

his future particination in some hardware development opportunities.

The sequence o± the human factors analysis, design and development

activities is u-tructured ai~proximate1y as shown in Figu re 3—3, relative to

the SOTAS program develonment chasing. The resolution of the two arimary

critical issues in t~ e Program concerning “real—time” response canability

and azimuth accuracy capabili ty really occur red as a result of DT1 and

OTt testing as illustrated.

MATAG~~.~~: T OF TEChN ICAL DEVELO?MHqT TASKS

The human engineering tasks which were outlined ir. Pi ure 3—3 can be

grouped into roughly three categories , including: (a) system technical

development tasks; (b) test and evaluation tasks; and (c) operational

and support development tasks. From this viewpoint of human factors

engineering, the system technical development tasks include the system

functional analysis , operator wo rkspace analysis, and the resulting

impacts of these analyses upon sy stem design .
Functional Analysis

The objective of functional analysis was to describe system operation in

terms of the tasks of the crew and the mission of the system (14). Thre e

types of analysis were used by the design team , inclu iing :  (a) information

requirements analysis; (b) decision analysis; and (c)  activity analysis.

The functional analys is studies assumed a baseline operating team consisting

of (a) a “search operator” responsible for battlefield surveillance and

target detection ; (b) an “attaci; oj erator” responsible for target tracking

and positional prediction ; and (a)  an “OIC” responsible for target identifi—

25
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cation, target tactical maneuvers and DTOC interlacing . In both analytical

situations and in an actual field test scenario at i unter Liggett ,

information transfer was flow charted in order to trace the course of data

in the system from display hardware through the processing necessary

(either human or computerized) to use that information in the fulfillment

of the tactical mission. Considerable attention was given to the interface

of display hardware, the SOTAS operators and the 3OTAS d C .

Decision analysis was conducted to identify the quantity and quality of

decisions necessary in the fulfillment of system mission. System derived

information recuired at each decision noint in an overall “decision tree”
was identified and related to decision making process and tactical output.
Activities carried out by the crew while perforaing their assigned func-

tions were analyzed using tine samples based upon observation of SOTAS

in the field environment. The analysis was used to judge the relative

importance of various operator activities on the system mission and the
relationship of these activities and crew workload during system operation.

Operator Workspace Analysis
The objective of this task was to define the physical arrangement of SOTAS

equipment and crew stations within the SOTAS control van (14, 15). The

methodology for doing this utilized the earlier functional analysis of

crew activities to develop graphical “link analysis” . A “link analysis”
is a systematic way to summarize operator interactions g raphically. The

technique also incorporated the geometry of the operator and equinment
layout so that layout advantages and disadvantages could be assessed as a

function of the physical arrangement of operator stations and personnel.
An exhaustive catalog of possible layout geometrics was developed and

evaluated . Obviously unacceptable concepts were discarded .

i~emaining concepts were evaluated for their ability to fit within the

SOTAS control van envelope . Space requirements for equipment including

maintenance access provisions were determined. Anthropometric data for
space requirements for the crew members established the remaining require-
ments for van space. These were incorporated in the final grsu~ of
candidates defined.

The final candidates were evaluated by a scaled j udgements technique . The

technique used experienced raters in a full—scale mock—up of the van and
26
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equipment. ~hen the best configuration was determined by this evaluation ,

it was developed further through the mechanical specification stage to

determine any problems of implementation that would require minor modifica-

tion of the proposed layout.
Resulting Impacts on System Design

As a result of the system functional analysis and wo rkspace analysis, a

number of system design specifications were defined. These included:

(a) greater integration of system operation functions with fewer displays

through the use of “higher order” mission oriented graphics for both

operator and OIC consoles. This reduction in the number of displays

helped focus operator’s attention , reduced fatigue , and accelerated data

thr  ugh—put; (b) development of dis~ lay keyboard designs which decrease

the use of raw alpha—numerics and increase the use of mission—oriented

function keys in order to speed through—put ; Cc) development of near

optimal worksnace design within the constraints of control van geometry

to reduce onerator fat ij ~ue and increase accuracy and through—put;

(a) development of autoriated or semi—automated tracking hardware/software

to decrease operator workload and increase through—put ; and (e) development

of data sunmarization and reuuction software as well as soI’tv’are for

“curso r” lace ;:ent and advanced predictions oi~ target location.

MAgAG Si ~Th T OF PSST A~:D N~Uj :Ai Ioi T~ J]~S

Test and gvaluation Ubj ective s

The human factors involvement in test and evaJ.uation was focused upon the

exploration and evaluation of relationships between system hardware and
software as it affected training, procedure s, end perfo rmance of SOTAS

operators and csew. The objective of this involve:~ent was to collect data

concerning the effectiveness of the human,’system interface L iven the

existing system configuration and to provide evaluation criteria for

future system design recommendations (16). Iiustsn factors teat and

evaluati m has been conducted as a part of developmental testing at
Huriter—Liggett and White Sands , and as a cart of operational testing during
Refo rger ‘76 , and more recently during Seforger ‘77. In each case specific
objectives of human factors testing and evaluati n have centered uoon:

(a) the nature of the operator/OIC/systern interface and the effectiveness

27
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of established crew procedures; (b)  the roles of the SOTAS cadre as they

affect the SOTA S/DTOC interface; and (c) the effectiveness of the SOTAS

training program and manning levels during system operation and the

evaluation of levels of crew experience. The human factors test and

evaluation was a major sub—element of the overall JYP/OT test plan . The

program ’s long term test and evaluation management p lan was coordinated

through the Test and Svaluation element manager wi thin the Program

rianagement Office and utilized the Operational Test and ~‘valuation

Agency (0TEA ) in organizing and conducting the operational test and

evaluation.

Test Methodolo~~
To realize the human factors test and evaluation objectives five data

collection techniques were developed , each yielding information in

different aspects of system o!eration (16). They were: (a) automated

data; (b) performance diaries; (c) through—put logs; (d) interviews;

and (e) audio/visual recordings. Automated data using operator function

key presses was a measure of operator use of system hardware/software

resources. Observational through—put logs contained a record of the

amounts of information at three functionally defined human processing

points ( two operators , one 010 ) within the SOTAS van and the ressonse to

DTOC information requests. This record served as a baseline for assessment
of the relationship between available info rmation and information flow ,
and productivity in tern ; of mission tasking. Sxercise event time lines
(perfo rmance diaries) provided a parallel accounting of environmental
factors , system status and cadre activity. The stnictured interview was

used to obtain evaluative data from members of the SOTAS cadre . Finally,
audio/visual recordings were aimed at providing correlations of the crew/
system in operation during variable tasking.

Data obtained by each data collection method was applicable to more than

one objective. As an aid to analysis and documentation , technical areas
were identified within each of the test objectives and the data were
integreted according to the technicai area. The r2sultirlg matrix is
denicted in Table 3— 1.

Automated I~ ta — Automated data consisted of operator keyboard entries and
t ;eir associated tines and was used in charact rizing : (a) the distribution

28
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of operator activity between system control , ti ’~e compressi~ n act ivi11~ n ,

target tracking functions , target ;~ath - re ;ictic-ns , mng~/azinuth deter-

mination, graphics generation, and error generation and con~~ction ;

(b)  the target file case and rate of target ~rocoo~~ ng uoi::~ file life

data , number of target files being simultaneously processed , total rcunbor

of files deleted and file efficiency as described by the ratio o±~
simultaneously processed files to target tnro ;;gh— put; (c)  the number of

target picks made by operators on each target and their confidence in

those picks as described by number of target picks by file, number of

deleted nicks, and time delays in r-ickin~ targets; and (d) the general

system parameters including duration and frequency of systen “ down~ tine ,
and amount of time spent and number of keyn resses made in each display

scale.

Performance Diary — The — ‘erformance diary was a :~othod used by observers

in the SOTAS van to characterize: (a) the event time line data to record

the occurrence(E) and tinin~- (T) of tactical events and the resnonse of

memoers of the 3OTAJ crew; (b)  crew performance data describing the

mission (M) of the operation (i.e. target acquisition , coemand and control,

surveillance), OIC activity mode , Operator activities (i.e. se t—up,  target

search, target prediction, target tracking); and (c) critical incident

data (i.e. man/machine interface , hardware/ooftwa re i’unctioi~, i~~~~rnntion

flow, workspace environment, crew procedures, other critical incidents).

‘erformance diary data were recorded using data formats such as that

shown in Figu re 3—4 .

Through—Put Log — system through—put is defined as the number of pieces of
target information transmitted from the SOTA S van to the DTOC in a

particular neriod of time . As such , system through—put permits analysis
of system effectiveness in terms relevant to SOTAS ’ tactical impact and

operator/crew information processing. In the DOTAS evaluations ny oten ,

through—put was broken into four parts: (a) the rumber of moving oh~ect~
on each operator display (T0A and T0B); (b) the number of targets processed

by each operator (P
1A and T13); Cc) the number of targets evaluated by the

oic 
~~~

); and (d) the number of targets passed to DTOC by the OIC (T
3

) .
Specific data on targets were further broken out as being descri ptive ,

coordinate, or predictive in fo rmatt n.  The amoun t of SOTAS time spent on
30
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a target from initial observation to DTOC handoff, called through—put

time , was recorded for both 3OTA S initiated targets and D~0C information

requests. Figure 3—5 illustrates a typical through—put data recording

format .

Interview and Audio/Visual Recordings — ;3tractured interviews were con-

ducted with SOTAS operators and 010’s to provide comments , in~~ght s and

observations. The interviews were strmctured aroun d three tyoes of

questions: open—ended , two—way, and nuTtiple choice. Open—ended questions

were used to obtain data on issues where large variability in resnonse was

anticipated. Two—way questions were used where preferential judgement

between two alternatives was required, and multiple choice questions were

used in making the respondent consider a specific range of alternatives.

In the initial test plans, audio arid visual recordings were planned in

order to obtain real—time information on operator and OIC activities.

llhere these were conducted they were found tc be unsatisfactory since they

tended to interfere wit ; nonoal crew op erations.

Typical Test and i~’valuation kest :lts

.~ach of the data collection netkods described yielded inforoat ion on

different as-iects of o~ ;;te~ onera tion. During data a~alysio - a c ~; bit cf

datum was interp reted with ~efere: ce to other data ele; eats and wit

reference to the thre e basic human factors to-st ob~jectives. Conci-osions

derived firm thio analysis were based upon suoQortive data fro m at leant

two of the different data collection formats. A for  of the more important
conclusions derived fr a  early Reforger ‘76 iY2/’CT human factors testu .g

were associated with the following technical areas:
(a) i/o r~c~ pace (16) In general, it was foun d fro m all test data that t h e
SOTAS operator’s existio~ works:;ace was adequate. kowever, it was foun d
that the C-IC needed an integrated work station to sur-’port his unique task
requireme~~s, priuaril~- in tactical operations (see i’i ure ~-— 6). To

perform the target evaluation task the 010 needs both tI~o a -  digitizer
and status disp lay with both internal and external communications activities
integrated at his wo rk station ; (b)  Crew/3ystem Interaction (16) The syst~ m
provided workable imagery i:nrnoliiately upon establishment of u1e data link
with the heliborne sensor. The t anc-ot  data sthrage was adequate.
Operators demonstra t~d less confidence in automated target entry relative

32
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to manual ontry which lengthened through—put time. Excessive operator

time and activity was involved in manipulation of time—compressed imagery.

Operators spent a majority of their time in CIC—directed search and track

operations; Cc) Workload (16) Operators were able to meet Reforger ‘76

tasking requirements without exceeding capabilities of the operator or the

system, although the frequency of operator—initiated target entries

declined after 45 minutes into the nüssion. High workloads were mostly

associated with; activity periods between missions including map registra-

tion, DTOC/helicopter coordination, mission planning, graphics creation,

etc. 01Cc spent about 20~ of their time in external communications and

about 3~~ in target development. -Tuch of this target development activity

included duplication of operator image processing. The OICs workload

capabilities were not exceeded; (d) soTAs/~r~~ Interaction (16) External

communication links between SOTAd/DT OC during Reforger ‘76 were inadequate
and resulted in delays, “cross—talk” data misinteroretation, and limited

tasking 0±’ SOTAS by DTOC; (e) ~ystem Performance (16) The SOTAS system

was very reliable with only about 9t~ seconds or two percent total “down-

time” during the Reforger ‘76 operation. In addition to this, target

information which was developed and passed to IYPOC, met and exceeded

specific mission requirements in terms of response time , adequacy and

accuracy. Operator erro rs during operation were quite low—at about

four percent ; and (± ‘) Training and Crew Shifts (16) Procedural training

for operators using training simulators was readily t ransferred to field

system operation. Training procedures also seemed to minimize the eff ects
of differences in background experience , level of previous training and
military grade o± the SOTAS cadre. The effect of differing ~OS also
seemed to be minimal although artillery and intelligence would initially

seem to be intuitively preferred. During initial periods of team operation,
differences in OIC styles caused some problems in information filtering

and coordination, but this seemed to be resolved quickly and naturally.

The basic crew size of two operators and one GIC appears to work out well
although during the Refo rger ‘76 testing it was found that a “stand—by ”
onerator was almost essential for recording; function s which emerged during
deployment. The “ eipht on/sixteen off”  shift and rotation schedules were
adequate for Reforger ‘76 in terms of fatigue as evidenced by erro rs ,
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through—put reduction, etc. Eo’.cver there Va-~S considerable “ o f f— l i n e ”

time between missions in these tests. Continuous tr eaty—four hour mission

coverage could cause poteatial manning problems.

!d~ :A GE:di-:T Op TP~I1:fl:G AI~D OP:~RATI01TAL PI-I~ HI::G (17)

h~ithin the general area of operation and srmport planning the prima ry

involvement of the human factors eng ineering team Las boen placed in the

definition of operating procedures, crew co:.1posi t ion and crew training.

The criteria for establishing recommendatians in each of these aroas was

developed both through actual operational testing and, n er - rm -- s :~cr e

importantly, through simulated system operation and ;mlr~otic n. Ta

latter case a very complete software simulaticn of iL- ~ -ri-rn - as

developed. This provided not only an essential i-~oo~- n aid dor on t-i ~~ ni

hunan performance, but in itself also served as a l r-o is  for  Jevc-io~~ mg

tm ini;:g oLmulators in the future.

Tr ~ i :hn.g and c-perational diriulation (14)

The cam-To te  SOTAS simulation consists , of two pr~n c i :ml  010 ~-a ts incl r ~din .T
t:-~ training element and the dOTA S :ane. The tr - imi~rg : i r i : : i r t i c - n i s 

no d to ~-nrvide e~:ercices ihrourh  wh ich dO2~ S c rc ,,- re . ~ho can

c:-:- rcise simulated equipment to find and tag eme:~.y tar~ets, in terpr at

?~ S imagery , and tranamit target information in a usable farm to oLe

I
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Crew Composition and Pro cedures

The basic crew composition for the 3CTk~ control van mac developed and

refined based upon observed pe rfon :ance J~ i~ ng nt..~nlated system evaluation

and actual operational testing . ~n opt±naJ . crew size was evolved to

consist of four crew station po . itions as follows : (a) two search and

tracking operators (~Tc); (b) one Ofi~cer—in—Charge (oic); and (C) one

communicator (a) .  It ‘.-;ac also foun d desirable to have one liaison

officer (Lo). However, in actual deployment this role will likely be

implemented by DTOC personnel. A minimum of three crews would be reoutred

for twenty—four hour operation.

The primary activities of the aoai-c}: and track oprrators is to detect ,

track targets, and generate attack information consisting of predictions

of future target position for use in fire control.

The Communicator is actually a standby STO operator ~.bo provides nor

to the O IC in coornunications external to the ~CTAS van , he also pro f oras

map plotting and record ;:eepin~ tasks as assigned.

The OIC is responsible for organizing target data into mat tern s  of tarCet

information for transmission to the 1/POC. The data is organized in rac—

p’tae to priorities , criteria, and directives establishod by co~~inant

elements of tao DTOC . -The 010 also supervises the vior :Thad and activities

of the search and track operators.

The two phases of SOfAS system operation include: (a) the on—line c~~- r a t io n

during which the nirbc~~ e platform is op ccatin~ and imafe ry is being

_ _ _ _ _ _  _



generated in real time , and (b) the off—line operation when the radar

platform is not being used and stored imagery from prior on— line periods

is being analyzed.

Training Objectives

Fundamental ly, the SOTAS training objectives provided a learning procedu re

by which an operator or OIC trainee with minimal advance training could be
provided with basic skills necessary to operate the SOTAS system in the

field. A system training simulation presen~ 1y I’oms the p rimary training
vehicle for providing these basic skills to the trainee. The total

training system design concept in SOTAS is three—dimensionally organized

around : (a) instructional content modules; (b) instructional method

modules; and (c) instructional assessment modules as illustrated in

Figu re 3—7.

Instructional Content hodules — Five instructional content modules were

utilized , including System Orientation , Basic dkills Acquisition, System

Management , Crew Integration, and Tactical Integration. Specific topics

addressed v.’ithin each module are illustrated in ~able 3—2.

Method Modules — Instructional methods were evolved by observing trainee

performance after exoosure to several different combinations of training

techniques. These included classroom instructions , audio—vi sual oresen—

tations, system simulations , and workshops. The principal audio—visual

techniques which were found most useful included video—tape, vugranhs ,
and conventional graphics in the form of tables , flow—charts , diagrams,
and pictures. ~uch of this material together with instructional text

— material was integrated into training manual docunents and effectively
utilized in classroom arid workshop training sessions. Classroom and work-

shop sessions were primarily used for training crew members in areas of
system operation and management. The simulation traini ig consisted of two
parts including:(a) a simulated multi—day battle sequence involving a
division size attacking force , and (b) a number of shorter tactical

scenarios for specific exercises in basic skills in operating the equip—
xnent , processing target data , system management and crew coordination.

Typical sLmulati~n exercises are indicated ir~ Figu re 3—8. Typical nature

and content of the system simulation employed is described in another
section, 
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TABLE 3—2 UM IT S o:’ F:~3ThUC~I~ p FOI~ IN~iT~~J C r I r ~ ;:~L
CC:TT 1~PT ~c i m ~s ( 17)

System Orientation

— System Ove rview — 3~?A~ e~ cri: t ion
— SOTAS Training Briefing — ~;rei-? ~c-s~ti ns
— SOTAS hission

Basic Jkills Training

— Tact ical Imagery — nses of Jy.~ten Cperat ion
— Tactical :~~vironncnt — Commun ication Procedures

— Searc}ilTrnck Console (:pernti -s — ~~~~~~~~~ ae ra ~i :a

System Management

— Tactical System Configuration — Tiergencies and halfunctions— C row Supervision arid — DTOC Interface ~danagernent
Coordination — ‘ nrbct ~n~cecsia ::~~a~enent

— Operator . ork.load anare -er~r — r h—Li : /Li’i—L~~ e 2az -.
— Helicopter Positi~-nin? 

end Jistri U~ t i n r
Coordination

Crew Integration
— Tactical Jy~ ter” ~~~~~~~~~~~ — - LJ ,-’~ p oma t ~r ~r- c rdtnat1ee
— Target ~3ignatures and J -r ~e r it i  ~ — r~~C/L~ -~c- - r d ~nat~ a and
— Target Jevc-iornleirt aria i- :r-~~~et1- m i n ~~~~r

T rou~~t— Fut — C -c , - ru :c t i -nc ,
— Interoperator )nta Than-~~- -r :tn~ 

9ecc-Ve r - rec~ -: ’ rc~s

Tactical Integration

— ~ivisional L~ve1 .3cenari~
— simulated ~3O?A~’~~ iscinn Involvisp

Surveillance, ~ar~~t Acqu~ s 1ti-C~,
and Command and Control

40 j 
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Assessment Modules — As part of the training sequence , continuous trainee

assessment is incorporated in tense of performance measure and evaluation,
and critique. Individual and crew performance is measured on specific
simulation exercise events and recorded as summarized descriptive

statistics. These performance measures are then evaluated in terms of’

their relationship to a set of acceptance criteria. Critiques of this

comparative nerformance using 30 to 40—minute discussion among crew

- 
- 

members and instructors has proven to be effective in the training process.

ij
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cc?:cLU~ IoNs — ;ECTIOP IV

Human Pactors F~-igineering should be applied early in the development cycle

of those programs where human performance p lays a significant part in the

operation and support of the weapon system . In many programs, including

SOTAS, oC-timal human performance has been critical in meeting basic

mission functional requirements. In SOTAS this need was reflected in the

desifTx of a combined man/machine system with sufficiently short througi- —

put response and high target predictive accuracy in order to be useful as

a target acquisition system . ~eyond this , husan perfon~ance ha.s also been

found to be critical in assurin g the effective integratior. of the develop-

mental system into the operating force structure in tera s of both

operational interfacing and cost.

The SOTAS developmental philosophy LCS emphasized the intebrntion of

“demonstrated” hardware subsystems toge ther wi th a s-ersonnel subsysteo to

achieve an effective standoff target accpiisition capability in the

sho rtest possible time . Human Factors ~ngineering v:as incoro orated as a

part of system design in the early phase of concept development. Through-

out the v 1i~~ i~ion process of integrating denionstrot ion hardware human

fac tors ~~r’~ been considere d in the allocation of ose rational functions

and p roced~ ~‘es in the design of wo rkspace , disp lay s, :oy boards and other

elements of tne total man/machine interface. i - n 0 develo—~-~ent of a

detailed system simulation has also been a very successful tool in

optimizing system design and in establistiisg effective training procedu res
and personnel requirements.

In the SOTAS development as in some other pro grams, Human Factors Engineer’-.
ing also plays an importan t and a sensitive role in test and evaluation
of the system. In this case much of t e testing and evaluatth~ procedu res
were designed by the human factors engineering team in conjunction C’:ith
other team members as well as with the Operational Test and Evaluation
Agency. In thi s kind of role the credibility of’ on unbiased human factors
team is politically important in assuring the accep tability of the C

evaluations.

L~anagement methods used in developing the SOTAS system to its present stage
have been relatively unstructured and informal, but none the less effective .
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The complementing personalities of the program manager, the bA3C and the

p rimcipal managers in each responsibility area have done muc}n in assuring

this effectiveness.

A few of what appear to be significant issuss in the SOTA~T applicatirn of

Human Factors E~ngineering are listed below and are probably worthy of

consideration in futu re programs:

(a) The composition of the program development team is critical and 1’nis

is especially true fcr the human factors team. ~iuch of what tme - human

factors team is able to accomp lish in the pr~-gram depends upon theil

related experience and upon their relationship and abiiit~ to communicate

with other team elements. Compatability of personalities of principal area

managers seems to be quite importan t in establishing a flexible give and

take relationship which is essential in early phases of the program.

(b) The human factors design area must be perceived within the program

organization as having equal status W it :k other design disc~ plines. ~3eyond

a formal organization structure the enthusiasm and support of the program

manager in all design areas can do much in building a “balanced” develon-.

merit team .
(c)  The “unbiased credibility” of human factors or ther team menuers

involved in critical aspects of test arid evaluation must be maintained

through initial phases of’ the program including validation and demonstra-

tion. This requirement must be clearly understood at the outset by those

team members affected. The fcxinauities of’ hardware exclusion clauses

might be considered in this regard for contractor teams, but would likely
be unnecessary if ground rules were clearly understood initially.
(d) The contractual relations~-ui r- (or Letter of Agroe:-.ent) vith the ilusian

factors engineering team must be a flexible one in the initial phases of
development. Performance specificati ns as regard s hum an factors deCign
should be -eneml ly stated in terms of system r °nuireaento wherever
possible. In tLts vay a floxible relationship amJaL: team :~orbe rs and the
PT-~U can be maintained.

(e)  The development and utilization of’ a very complete aai acc -e
system simulation by the human factors engineering tear has pr-von to be

an ext~’emei y valuai le design tool not oni:, for man/machrne interface -~nd

operational procedures but also for training and susport design . as well as —
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for guidance in test and aw iu~ t:on .

This rerort has summarized some of the nhilos~~ hy and orocedure s

which have been successfully used in the JCT~ -~ 5r re: : t i iacor-~ -i~ te

Human Factors .~nT:ine ering into a balanced a~ nrcach f or - - .~etiiig

mission objectives. By reviov-ing t . e~ e ~hiloso i~~ and procedures,

some practical guidance can be obtained and applied in

sr-it-rams vihere human perfo~ - ance is c ~tical to sncc-~.~s.
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APP~J-~DIX A

GLOSSARY OP T.-S~t’S

ASA~~ — Army System Acquisition Review Council

c/scsc — Cost , Schedule Control System Criteria

DA — Department of the Army

DAi~COIi — i)evelopment and Readiness Command

JJASC — Je part:-~en t of the Arm~ iystea Coordinator

]XP — Decision Coordination Paper

DC~R~A — Denuty Chief of Staff for Research Development and Acquisition

DDR&E — Director of Defense researoh and Engineering

DOD — Department of Defense

DTOC — Division Tactical ~.~ erations Center

DT/OT — Development/Operational Test

:~Cor~: — Electronics Command

ILS — Integrated Logistic Sunport

I/O — Input/Output

LOC — Life Cycle Cost

MTI — govinp. Target Indicator

010 — Officer—in-~~ha rrc

O&S — Operation and ;u-~po~-t

OTt-~A — Operational Test and Evaluation ~goi cy

PM — Program T- anager

PMO — Program Tanagement Office

FTP - Program T~anagement Plan

ROC — ~oquircnent for Operating Capability
.3AG — - tudy Advisory Group

SOTAS — ~3tandoff Targr ~t Ac -~uisa tion 4ysten

-;TO — earch and I rack cp ~ rator

T&2 - ~est an d Evaluation

— -~-r-~.inin~ onh )cctrinriti a
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