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FOREWORD FROM THE CONFERENCE CHATRMAN

The need for effective weapon system training is receiving increased attention
throuqhout the DoD community as the benefits of improved student performance and
reducplons in training costs are documented. The use of simulation in flight
training is now accepted as being highly effective while affording significant
reductions in training costs. Similar applications of training and simu’.*ion
technology are gaining acceptance in such diverse areas as team tactics training,
surface and sub-surface ASW, conduct-of-fire systems, and air cushion v~hiz.e
operation.

Technological advances in solid state devices, design architectures, so‘tware,

image generation and display, and performance measurement, to name but a few, are
making possible increased training device functionality, effectiveness, reliability,
and supportability. The present effectiveness is yielding the long needed docu-
mentation of training device payoffs. The recent Defense Science Board study on
training illustrates recognition of the growing importance of cost-effective
training to this nation's defense.

Recent world events have demonstrated the impact of highly trained military personnel
on national defense. World attention in 1982 has been fecused on the decisive

role training has plaved at sea, in the air, and on land. These experiences will
undoubtedly affect future DoD plans and lend strong support for continuation of the
emphasis—~gn training. .

Close communication between the military and industry is critical to advancements
in training.\ Without a clear understanding of the military needs and problems in
training, effeq¢tive solutions are doubtful. Conversely, military planners cannot
capitalize on\tie technical and management advances of industry unless they are
communicated.—>The goal of the Interservice/Industry Training Equipment Conference
is to serve as a forum to foster +h42 communication. Through technical papers,
panels, equipment exhibits, and individual discussions, problems are aired, needs
are defined, and plans are specified to develop alterggtiues—and\spluiipnsL

The purpose of this conference is communication and the papers contained in these
proceedings are an attempt to document both industry®s and government's views,,
These papers were selected to present a wide range of government and industry
technigques, issues, problems, and needs.

e ——

While past conferences have covered a wide range of training topics, it has
berome increasingly recognized that the voice of the user must be heard, Tt is not
encuUdh tc hear-from the acquisition, reguirements, design ormsugportfspécialists.

‘ﬁThe training eguipment user is da: .y confreonted with a diversity of unique
difficulties which are frequently unseen by others in the training cycle Complica-
ting the problem is that few vehicles are available to the user to voice/these

issues. (The Fourth_ Interservice/Industry Training Equipment CTonference is,
therefore, focused on the user. Our goal is to communicate the user's views to
those in government and industry and hopefully improve the resultant training
product.* '
L Dr. James A. Gardner
Conference Chairman
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The Joint logistics Commanders’ (JLC) are composed of the commanders of the US Army
Materiel Readiness and Development Commajd, Air Force Legistics Command, and Air Force
Systems Command as well as the Chief of Raval Material. The JLC meet regularly with
the Deputy Secretary of Defense. Their purpose 1s to resolve common concerns and,
where nossible, to achieve efficiencies by combining efforts. The day-to-day activities
of the JLC are carried out by joint panels and groups.

P e

\7&MQ such group is the Jeint Technical Coordinating Group on Simulaﬁjrs and Training
Devices (JTCG-STD). 1Its purposef as stated in its charter from the JLC,~1is to identify
opportunities to cocordinate or consolidate programs in research and development,
acqulstcion, and operation ard support of training devices and to implement plans to
reduce the cost and/or increase the effectiveness of military simulators and training
devices

That {s a large order. To accomplish it requires breaking it into manageable
tasks. Each year the JTCC-STD will review proposals for efforts which have Ligh
payoffs to two or more services. The best of these will be chosen to b~ presented to
the JLC as candidates for JLC sponsorship. JLC sponsored tasks will be managed by a
single command with assistance from the others.

The first three tasks chosen for JLC sponsorship are to develop (1) a standard
Defense Mapping Agency data base transformation program, (2) a library of standard
clectronic warfare threat data bases, and (3) standard training device software

acquisition management proccdures. The efforts will commence in FY 84 and FY 85.
Future initiatives for JLC spcnsorship are solicited, and the method for submitting

thum to the JTCG-STD is outlined.

INTRODUCTION

In the mid-1960s the military services
became greatly interested in each others acqui-
sition, supply, and maintenance capabilities.
Out of that interest and cooperation grew a
structure known today as the Joint Logistics
Commanders, or JLC. The early efforts
involved such areas as munitions effective-
ness and depot maintenance interservicing.
Other efforts have been added, and many have
been completed. When the 1973 oil embargo
caused an upsurge in interest in training
simulators, the JLC formed a group to
coordinate activities in the realm of
training cquipment.

“The purpose of this paper is to famil-
farize the training equipment community
with the group that has cvolved from tiose
carly e forts and to solicit ideas on how
the services can improve training effec-
tiveness through interservice cooperation,
Effective interservice initiatives can
benefit the operating commands, the

acquisition and support organizations, the
training industry, and uitimately, the
taxpayers.

THE JOINT LOGISTICS COMMANDERS

The Joint Logistics Commanders (JLC) consist
of the commanders of the US Army Materiel Develop-
ment and Readiness Command, Air Force Systems Com-
mand and Air Force Logistics Command and the Chief
of Naval Material. USMC liaison is provided by
the Headquarters USMC Deputy Chief of Staff for
Installations and Logistics. The current members
of the JLC are pictured in Figure 1.

While this joint arrangemnt has no legal
authority, other than that delegated to each
Commander to accomplish his assigned mission,
the JLC management concept has been endorsed
by the Chiefs of the Military Departmen’s,
the Service Secretaries and the Secretary of
Defense. The JLC meet formally at least
quarterly and periodically report to the
Deputy Secretary of Defense, the Under-Secretary
of Defense for Research and Engineering (who is
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Since the JLC are not an of ficial body,
there o no JLC stalft, Tnstead, cach commander
has a member of his special staff who 1is
designated as Assistant for Joint Service
Activities. These five are known collectivelv as
the Joint Secretariat, and thev carry out
day-to-dayv adnministrative activities on behalf
of the JLC. The JLC themsulves meet at least
quarterly with cach commander taking his turn
to host the others.

The efforts which the JLC direct are carried
out through various groups and panels. Some of
these are created for specific short term tasks
and pass out of existence In a matter of months.
Others have a continuing mission. Regardless of
the duration of the task, each panel or group
conslsts of a principal member from each command,
altermate members as required, and an invited
USMC participant if the subject 1s of interest
to the Marines. One principal member serves as
chairman. The groups and panels report to the
JLC through the Joint Secretariat. The group of
specific interest to the training community is
the Joint Technical Coordinating Group on
Simulators and Training Devices (JTCG-STD).

THE JOINT TECHNICAL COORDINATING CROUP ON
SIMULATORS AND TRAINING DEVICES

The JTCG-STD was chartered originally in
1976 to minimize duplication in research and
development efforts. The problem with that
charter was that it did not permit doing some-
thing new which would have multi-service payoff.
During a five~year-point review of progress, all
parties agreed that a potential existed for high
payoffs from interservice efforts in the simulator
and training device area. The question was how
to achieve them.
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operating for several years, each jyear will sen
the completion of some tasks, continuation of
others, initiation of more, and approval of

additional ones.

All of these principles are embodied in the
31 March 1982 JTCG-STD charter which 1is reproduced

in Figure 2.

Perhaps the best way to illustrate

how the JTCG-STD is operating is to briefly
examine three JLC-sponsored tasks initiated by

the JTCG-STD.

JLC SPONSORED TASKS

Standard DMA Data Base Transformation Program

Air Force Systems Command is the lecad command
for this effort, which will be managed by the
Deputy for Simulators at Aeronautical Systems

Division.

It is funded in FY 84 and bLovond and

the request for proposal will be issued in FY 83.
The objective is to reduce the proliferetion of
transformation programs for Defense Mapping

Agency (DMA) digital data.

Changes in the DMA

specification would be more easily accommodated,
and data bases, whether radar, visval, or infra-
red, would be transportable among training devices.
Furthermore, data base enhancements developed for
a Navy simulator could be used directly for an

Army or Alr Force simulator.

Library of Standard Electronic Warfare Threat Data

Bases

Naval Material Command is the lead command
for this effort, which will.-be managed by the

Naval Training Equipment Center.

-It will be an

FY 85 start with preliminary activities in FY 84,
The objective is to be able to produce or update
EW threat models once and then distribute the

model to all users.

Whether this will be done by

use of a standard specification or a model

library is yet to be determined.

Standard Training Device Software Acquisition

Management Procedures

US Army Materiel Development and Readiness

Command is the lead command for this effort, which
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CEPARTMENT OF THE ARMY
HEADQUARTERS UNITED STATES ARMY
FAATERIEL DEVELOPMENT AND READINESS COMMAND
5001 EISENHOWER AVE,, ALEXANDRIA, VA, 22333

DEPARTMENT OF THE NAVY
HEADQUARTERS NAVAL MATERIAL COMMAND
WASHINGTON, DC 20300

;, DEPARTMENT OF THE AIR FORCE DEPARTMENT OF THE AIR FORCE
nEADGUARTERS AIR FORCE LOGISTICS COMMAND HEADQUARTERS AIR FORCE SYSTEMS COMMAND
WAUSHT-PATTERSON AFB, OMIO 45433 ANDREWS AFB, WASHINGTON, DC 20334
3 CHARTER
3 FOR

4 JOINT DARCOM/NMC/AFLC/AFSC COMMANDERS
‘ JOINT TECHNICAL COORDINATING GROUP
ON
SIMULATORS AND TRAINING DEVICES

e PURPOSE.

A Joint Technical Coordinating Group on Simulators and Trzining Devices
(JTCG-STD) is hereby established. Because the services share the same
population base as a source of trainees, the same industrial base as a
source of training equipment, and the same potential adversaries as a
standard against which training results must be measured, there exist
numerous cpocortunities to coordinate or -onsolidate programs in research
and development, acquisition, and operation and support of training
devices. The purpose of the JTCG-STG is to identify such opportunities
and to implement plans to reduce the cost and/or increase the effec-
tiveness of military simulators and training devices.

Il MISSION.

The r.ission of the JTCG-STD is to maintain oversight of all activities
within the Four logistics commands whic' involve research and development.
acquisition, or support of simulators and training devices. Based on this
knowledge of planned and on-going activitizs, the JTCG-STD will identify
specific projects for JLC sponsorship which offer high pay-off to two or
more services from consolidating efforts into a single, JLC-sponsored
initjative. In those instances where JLC ¢ponsorship of a joint
initiative is not warranted, the JTCG-STD will insure coordination

and exchange of information between and among the services ta minimize or
eliminate duplication of effort. In addition, the JTCG-STD will facili-
tate the exchange of information such as technical reports and contractor
past performance between and among agenc:es of the logistics commands to
improve the efficiency of operations.

[IT. GUIDANCE.
The JTCG-STD shall:

A. Be task oriented. As such it will identify and sponsor discrete tasks
with high pay-off to two or more services. These tasks, or initia-
tives, will be of finite duration with measurable goals.

B. Com@uqicate with appropriate groups and panels of the Interservice
Training Review Organization (ITRO) to recuce or eliminate duplication
of effort.

C. Coordinate with the Rirectorate of Research and Technology, Gifice of
the Under Secretary of Defense, Research and Engineering to eliminate
duplication between the JTCG and the Simulator Technizal Advisory
Group (SIMTAG).

0. Comnunicate with other major commands such as TRADOC, ATC, and

CNET which are also involved in training device acquisition to
maximize the benefits of interservice cooperation.

Figure 2. JTCG-STD Charter




E. Encourage the use of the annual Interservice/Industry Training
Equipment Conference as a primary vehicle for the interservice
exchange of information among members of the military training device
community.

F. Establish formal means of communication between the JTCG and service
peculiar simulator and training device coordinating organizations such
as the USAF Simulator Advisory Group (SAG).

IV. REQUIREMENTS.

A. Annually, in time to influence preparation of the service Progrum
Objective Memoranda, the JTCG-STD shall ‘dentify to the Joint
Secretariat new joint service initiatives for JLC sponsorship.
Initiatives shall be documented in the fcrmat of Appendix Il to the
Handbook for Joint Logistics Commanders Panels/Groups.

B. Annually, on-going JTCG-STD sponsored initiatives shall be reviewed
3 to determine whether continued JLC spersorship is warranted. If nc
E the JTCG-STD shall recommend to the Joint Secretariat that JLC spon
: sorshii should be withdrawn.

v. ADMINISTRATION.

A. Periodic reports will be submitted in accord2nce with the Handhook for
Joint Logistics Commanders Panels/Groups.

B. Funding for a JTCL-STO sponsored initiative will be programmed and
budgeted by the lead logistics command for that initiative. Support
of the initiative by the other logistics commands will be from
existing resources.

C. JTCG-STD initiatives approved by the JLC will be supported by the
logistics commands to the extent rnecessary to assure that the benefits
of interservice cooperation will be realized.

D. Lead command responsibility for JTCG-STD initiatives will be
equitably distributed provided sufficient expertise exists within a
command to effectively lead the effort.

E. Subgroups may be established from time to time with the spacific
approval of the QPRs in accordance with the Handbook for Joint
Logistics Commanders Panels/Groups.

F. In order to identify areas for coordination or consolidation of
efforts, the JTCG-STD may review planned and on-going simulator and
training device nrograms at meetings of the JTCG.

G. Adequate rescurces including travel funds will be allocated to
JTCG-STD activities to permit timely and effective opei:ations.

Rz e Al

DONALD R. KETTH //J. G. WILLIAMS, JR.

Gerieral, USA " Admira‘, USN

Commanding Chief of Naval Material

U.S. Army Materiel Navelopment Naval Material Command
and Readiness Com»ind

Sl ﬂ[ﬁ'}w_«(

JAMES P. MULLINS ROBERT T. MARSH

neral, USFF General, USAF

ommander Comman-er

Air Force Logistics Cymmand Air Force Systems Command

DATE: 31 March 1982
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JTCG-STD INITIATIVE FOR A STANDARD
OMA DATA BASE TRANSFORMATION PROGRAM

PROBLEM

A new, unique transformation program has been procured for every simulator and
training device whose radar or visual svstem uses Defense Mapping Agency (DMA)
data. Worse, when NMA changes the specification to which it digitizes world-
wide data, each previously procured transformation program must be revised to
accept DMA data which meets the new specification.

BACKGROUND

The Defense Mapping Agency integrates a variety of data suvurces to produce -
digitized data base. This data base is used in training devices to present the
outside-the-cockpit scene to the aircrew as visual, ground-mapping radar, infra-
red, or other sensor information. However, the ones and zeroes which compose
the digitized data base cannot be presented directly; they must be manipulated
to return them to a real world form. A data base transformation program per-
forms this function,

Any data base which DMA produces is formatted and detailed according to the spe-
cification in effect at tha time of production. Any change in that specifica-
tion reguires changes in the transformation programs which will be used to
process the data base. The specification has been changjed every three or four
years on the average.

DISCUSSION

There are no theorz2tical reasons why 00D could not maintain a single data base
transformation program. The government could then provide the program to
training device manufacturers as GFE and cou! revise it concurrently with data
base specification changes. Thus, the services would no longer be paying for
multiple programs and multiple updates. Furthermore, some of the products them-
selves (for example, enhancements to the OMA data base) would then be transpor-
table between training devices.

In practice, the number of data base transformation programs required might be
two or three, depending on application (radar, visual, infra-red) or device
sophistication (part task trainer, full missinn trainer). However, even a
reduction to two or three data base transformation programs would result in
substantial savings to DOD.

CUNCLUSION

An offort to develop a standard DMA data base transformation program is
required.

ORIGINATOR

Name, complete mailing address, phone number (AUTOVCN for DCD personnel).

Figure 3. Abstract format




will be managed by the Project Manager for
Training Devices. It will begin as soon as
planning can be .ompleted since it will be done

primarily within the government. The objective is

to reduce costs to us by allowing a contractor
to apply the same software managemerit procedures,
reviews, and data items to all the Defense

Department training device contracts in his plant.

The team which undertakes this task will coordi-
nate its work with the JLC's Joint Policv
Grordinarinyg Group on Computer Resources Manage-
ment (JPCG-CRM)Y.  Trainiey devies software and

computers are exempt from the requirements applied

to embedded computer resources, but the JPCG-CRM
work is a usceful starting point for training
device offores.  Needless to say, the )TCC=STH
will work with industry on rhis task.

CHALLENCE TO THE TRAINING COMMUNITY

Those three JLC spornsored tasks illustrate
the broad features of the scrt of efforts the
JTCG-STD is chartered to undertake. But the
JTCG-STD has no menopoly on ideas. The JTCG=-STD
needs vcur help. If you have an idea to solve a
problem and it meets the general criteria
outlined in this paper, the JTCU=STD wants to
know about it.

The iuitial roview requires only a one page
ahstract in the fermat of Figure 3. Based on
the abstract, the JITCC-STL will return it
because it does not meet the criteria, hola it
for future sponsorship, ask for additional
information, or recommend it for JLC
sponsorship.

Send vour abetract to the approepriate
address listed below.

If veu are Army:

US Army Project Manager for Training Devices
DRUPM-TND-L

Attit: Dr. R Hofer

Orlando, FL 32813

If vou are Air Force:

Ogden Alr loglstics Center
00-ALU/MMF

Attn: Mr. W. Haugen

il AFB, UT 34500

I{ you are Navy, USNC, or Defenas Agency:

Commander, Naval Alr Systems Command
NAIR-4131

Attn:  Mr. J. seureiter

Washington, DT 20360

1§ you are outside the Department of Defense:

Headquarters Air Force Systems Comana
HO AFSC/SDTA

Attn: Lt Col €. Winters

Adrews AFB, DC 20334

CONCLUSTON

As the military services view the world of
training, many things look the sume--because they
are the same. We share the same threats. We
share the same pool of potential “rainces. We

share the same training device industrial base.
We share the need to provide effective training
at an optimum cost. As a result, the rervices
could do much together.

The Joint Logistics Commanders have accepted
the challenge to do more together in the training
d>vice area and have cliartered a Joint Technical

srdinating Group on Simulators amd Traiuing
Devices to make it happen. In turn, the JTCG-STD
needs the lelp of the training community,
Together we can achieve the goals the J1.C have
establisted. The services, the industry. and
the naticon will be the beneficiaries.
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philosophies
A

INTRODUCTION

it1s & vital concern of the using organization and the military training
system contractor to know about and understand the problems user
personnel are having with a current trainer Unresolved or partially
solved problems of this sort lead to requirements for system changes
or. In tme, to replacement systems. As an alternative. a
service-onented cortractor may suggest or participate In a
reonentition of the approach to trainer use. mantenance. and
logisiics support that will enhance the value or extend tha useful life of
the system in close coordination with user personnel.

Where the system s in current operation and unresolved problems
lead to modified or new systems. we can easlly see the vaidity for
slrong inpists to requirements by lower echelon users. However. when
a new mission requirement dictatrs a fairly radical change in the
functional requirernent (e.g.. advent of the weapon system trainer). or
when the state-of-the-art enables the start of a new generation of
training systeris (e J.. the computer image generation visua' system),
or when cost-eiiectiveness of traiming systems becomes tne major
13sue, then the ungin of the requirement comes from a differeni pan of
the governmental .)r military orgamization anc it 1S not <o easy 1o
determine how the uitmate user should be involved in the
establishment of needs. requirements. and specifications as well as in
other phases of deveiopment and evaluations For the potential user
and all others concerned. there Is less information directly based on
experience and more emphasis on trying to bndge between the known
and the unknown This gap becomes wider the more radical the
change from current to future system concepts

The thesis of this paper 1s that the ultimate user (instructor cadre.
maintenance personnel. logistics personnel) sheuld partic pate in
establishinG  an?  evaluating system needs. requrements
spectfications. daveiopment, test, and evaluation for all trainers This
participation may at times be formal or informal It may consist of
orginatng or reviewing paper work, coordination. telecons. going to
and participating in meetings and reviews, participating In lests and
evaluations, receiving orentation brefings tramngs on  and
evaluating new system concepts. being interviewed or answenng
questionnai'es. participating as a panei of user experts 10 support
contractor design efforts. or participatng as trainer opeiators.
maintainers. or logistic support persons in research and development
tests

It 1s realized that there are many factors and constraints working
against the user s systematc involvement. one of the most important
being allocating the time away from work and the costs of travel and
subsistence Other important factors are the constraints imposec in
competitve: bidding and competitive fly offs, and strong atitudes of
independerce by representatives of soine companies and
government agencies it greater involvement and input by the lower
echelon user in the requirement-10-delivery process is VIiewed as a
prionty. then these and other constraints will be viewec as a challenge
and a way ctien will be found to faciitate such participation One of the

GETTING USER REQU!REMENTS INTO THE
DEVELOPMENT-TO-DELIVERY LOOP

Frederic W. Snyder
Boeing Military Arrplane Company
Wichita, Kansas

‘ ABSTRACT

“Many who coordinate w:th miiitary users of training systems are aware that some trainers fail to satisty important user
requirementg Conscientious peop'e working in the requirement-to-delivery loop may never intentionally neglect or distort
_end-user ndeds. However. such oversight or misunderstanding does occur within the operations of complex mifitary.
gove nment, and industry organizations. The character of formal and informal information flows within and between these
arganizations as they relate 1o identification. establishment and communication of requirements hold the key to improved
procedures. What is recommended 1s consideration for increased emphasis on the ccllection and use of untiltered needs
statements of lower echelon users during the system deveiopmcat-1o-delivery process. This envisioned emphasis wou'd
also include information feed-back loops to the end-user culminating In a user orientation manual covering the intended
purpose of the trainer. a brief nistory of the system development, and training. logistics support. and maintenance

most cntical phases 1n new system concept formatior and
development needing inputs from the user is during the prepa: ztion of
the needs statement and in the process of requirement defin ior and
authentication. First we need to define what we mn2an by
“requirement

DEFINING "REQUIREMENT"

“"What is a requirement” may be said to have a double meaning in
the systems development-procurement cycie Firs., it means defining
the authentic requirement which. in one form or another. can be used
to blaze the trail toward adequate fulfiliment of a user's need. Secora
it means that the whole process starts with a careful definition of
“WHAT © "WHAT" (1e.. what is really requircd) is the only question
that should be allowed at this stage. Considering other questions 100
soon only con‘uses the requirement issue. For example. when the
question "HOW™ 15 brought up too soon, the requirement
development and communication process becomes confused
because everyone tries to solve a problem that hasn't been properly
defined. The strongest urge seems to be to hurry through the problem
definitior in order to get on with the solution, only to find after months
or years of development and even production. that the solution does
not fit the real-world problem. Perhaps this 1s so because many,more
peonle and organizations of people appear better equipped td solve
problems than to ask questions and systernatically and correctly
define problems

Sometrmies these two different groups oppose one another when
they should cooperate to better define and fulfill a requrement
Typical arguments used on one side are " Stop wasting effort on an
ill-defined problem.” or on the other. "We're wasting too much eftort
orc understanding and defining. lets get on with a solutior. * Some
argue for a middle ground whici places both sides in competition with
checks and balances. but thdt tends to stretch things out Soon the
schedule 1s tight. the budget i1s shcrt. and there 1S no room for
redefimtion of a problem. only battenng attempts to try to soive
whatever seems to be the requiremert

What 1s recommended ‘s that the impontant term requirement ' be
defined and communicated The requirement analysis should net be
contaminated with des.gn solutions even if those who are esiablishing
the "HOWSs " start 10 work to estabhsh feasible system solutions during
the same time as those who are still trying to estabish 'WHATs™ (o
requirements!. Tmis 1s the ideal ime to utihze inputs from lower
echeion users who presumably are not design ergineers or
requirements specialists and should be encouraged to think in terms
of requirements and alternative broad functions that need 10 be
accomphshed to fulfill the requirements

THE AGENCY REQUIREMENT

In order to view the full potental o! opportunities 1o get user
requiremer s into the trainer developrrent-to-dehivery cycle. we next
look at the proces: by which the agency requirement 1s orginated
coordinated and fulfiled by development of a new system
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Government policies, regulations and procedures tend to create a
check and balance approach and deliberately invulve all affected
parties to establish and authenticate adequate requirements, which
when fulfilled, will satisfy the assigned mission(s) of the agency.
Forms have to be filled out, signed, and transmiticed through the
proper channels. Suggestions for improvement are studied which may
die or be revised and transmitted to another format, perhaps as a
statement of need Many are tabled. Surviving requirements are
funded for further study, preliminary development and specification
winting. If additional funding is authorized and if industry i1s to
participate, a request for proposal 15 prepared.

Typically, while all of the official actions descnted in the policies,
regulations, and procedures are taking place. many unofficial actions
are occuring. The birth of a firm requirement often takes a lot of time.
Anyone who has carried the banner for a new requirement knows how
difficult it is to find success. Banner carriers are essential and may
encounter strong attitudes and feelings, such as the status quo -
“Don't rock the boat” and "Let's make do with what we have.” There
are memcs, phene calls, and trips. But establishing a firm requirerent
for an important mission is worth the effort.

Not all of the developmental effort i1s expended within the
governmental agencies. If the requirement 15 expected to result in a
contracted, funde:! development program. industry begins parallel
efforts to try to understand and even paricipate in the establishment
oi the requirement. Studies are performed using research and
development (R&D), bid and proposal funds. or under contract to the
agency. Frequent contacts are made with user. requirement. R&D,
procurement and finance personnel in the agency or support
organization.

Now this sounds like a good w 1y to establish useful req.urements
and it works well when there are skillful coordinators and
communicators and “banner carriers’ dedicated to understanding.
defimng and fulfilling tasic user needs. An example of what can
happen is the. an influential person or group can favor a certain kind ot
new system. The system technology i1s on the cutting edge of the
state-of-the-ant, and still under development. it does not yet meet the
user required specification and degrades traiming capabilty.
Nevertheless it 1s the favored solution. The users may not have
sutficient authonty to demand the system that best fits their needs. In

User Onginator

specific instances there may be justifiable reasons for averriding user
requirements just as there inay be justifiable reasons why some users
persist in demanding that their fraining equipment requirements be
met. What is suggested here is that there be a fair and hopefully
somewhat impartial arbiter of honest differences. The procurement
system already has the checks and balances intended to resolve such
problems.

COMMUNICATING AND THE INDUSTRY ROLE

The simplitied commurication process of a requirement as it is iJone
withir the needing agency may look something like what is shown in
Figure 1. The details including iterations will vary depending on iizh
things as procedures, where the need orginates, the priorities, the
complexity, cost and length of the program required to fulfill the needs,
and how much opposition is expernenced

Industry representatives are sometimes allowed to participate in
this process. They are used as consultants. They do studies. They
provide nformation for agency presentations. They help make
presentations to establish firm requirements. They travel and they
convey messages.

The way the agency has of communicating within 1s by internal
instruments, such as the Justification of Major System New Starts
(JMSNS) submitted with the Program Objectives Memorandum
(POM). A budget line approved by Congress and a Program
Management Cirective (PMD) are confirmation of a firm requirement
as well as providing the means of meeting the requiremsnt. Certain
aspects of these internal messages are made known to industry
through bnefings or other means. The official message of a beginning
procurement process is usually made in the "Commerce Business
Dally " but if that s the first time a company learns of the requirement,
it is usually too late for them to respond effectively

The notice in the “Commerce Business Daily” is valuable and for
legal reasons essential in the procurement process However.
induslry specialists who have been working on a pre-proposal effort
for months have been known t read a notice so velled that they did
not recognize the item as related to their etfort. What is recommerided
is a more specific and reveaiing notice pre-evaluated for language
clanty and simplicity
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“he value of user and procuring agencies and se'‘ected industry
representatives  ‘nteracting during requiroments  definition and
¢avelopment are obvious The most obvious 1s the expertise that can
be brought to bear on development 2t viable requirement pros and
cerie from  an independent source. Although one school of
requirement defimition says requirements should be defined apart
from ine etfort of obtaining solutions. there 1s aimost always a vigorous
interaction between requirements and the means of meeting those
requirements. For example. among the first thoughts a manager has
recarding a proposed requirement i1s how much will it cost? How long
wili it take? This rneans feasible solutions as an integral part of a
requirements defiwtion and authentication are looked at very early
Ordinanly, industry 1s regarded as the prime inventors and doers of
the solutions intended 0 meet such requ.aments. Industry has
preliminary design capabilities. including requirement analysts who
are knowlec jeable and can be tasked to work closely with the agency
in defining. developing and selling a significant requirement. But just
because a haison has been established does nct mean that all i1s well
in the communication process

Tradiionally the tendency 1s for coordination to occur between
industry and agency perscnnel at similar echelon levels. Although
Figure 2 undoubtedly oversimphfies the fact. it makes a point. Figure
2a shows that in industry and mulitary agencies. the presidents and
vice presidents terid to talk with the generals. the chief engineer talks
with the colonels. the project engineer tends to talk with the majors
and captains and the engineers talk with the heutenants and
sergeants, etc The industry marketing man or the prog-am manager
usually f:as more flexibility but tends to talk with higher level
management. The specific levels involved are usually determined by
the size and importance of the program or potertial program that
affects the rank or the management posttion established to heac un
the proje~* Something could be missed unless all levels are at least
aware of ah data in the requirements

Although perhaps somewhat exaggerated. Figure 2b shows the
recommended approach to estabhsh and maintain  system
requirements and development  communications Informa!
communication wotks this way if the freedom is allowed at least to
some extent Aithough there are many who would feel tha! the
requirement for disciphne and order in an organization would be
compromised by such activity, thnze who have nsked experimentation
of this method. ever to a hmited extent. see ment in this approach
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Vice Pres
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& Prog
Mgrs
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Captain -+ - Proj Enyg
Lieutenant }e -p{ Engineer
Sergeant < > Engr Asst
Draftsman
Technician
Other
Agency Industry
a) Stratified

Whether official communication of this sort is to be allowed depencs
cn the people and the operating proceduies in the organizaticn. There
are places in both rnilitary and inc.strial organizations whg e it has
been observed working well, at ieast in an informal mode.

CRITIQUING THE REQUIREMENT

An agency procedure tor definng and authe..cating firm
requirements should. and often does. take into account that differing
and even competing points of view should be conrsidered, studied.
discussed, and hard decisions made. Basic technical requirements
are tempered by such practical matters as priorities, availability of
money. manpower and facilities, opinions of authorities, ard
cempetition. Al requirements go through a process of ¢:dique and
modification before finalization

For example, for many years there has been a technica:
requirement for motion in fight simulators for certain mission
segments such as takeoff and landing. but only in recent years has the
eftectiveness part of the cost-effectiveness formula taken
precedence. Because of the cost consciousness aspect of
procurement 1n a highly intlationary period. even the definition of the
“cost-effective procurement” seems to have changed. The orginal
idea was to achieve some kind of balance bewween the cost of a
system and the etfectiveness produced by the systam. Some consider
the cost all that really matters but | don't believe it. in my home we
have a rule -——don't buy the cheapest product if no one wiil use 1t.
Perhaps part of the problem is that the buye: and user are not in the
same “household *~ The buyer may not kiow if what he buys is
ineffective or even unusable and he may never find out because on
programs with long developments, many times the ornginators and
“players” transfer to ¢ther jobs belore the end item is deivered.

Experience indicates that no statement of need. no required
operational capability. no functional o~ even detailed specification 1s
ever absolutely complete. This frailty in communication is usually not
discovered until rather late in the game. perhaps durnng
hardware-software integration or system test and evaluation. or
sometimes not untit operational testing and eventual use Those
sensitive to this problem should allow for this The recommendation 1s
that after doing all we can to communicaie our requiremerts and
spectfications adequiateiy. we build in feedback systems ‘o ct.eck out
the responses cf the receiver to the senders message ar.d see if the
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Figure 2. Agency - Industry Communication Modes (Conceptual)




receiver understands the message. This involves far more than
merely asking the receiver “Do you understand?” and hearing his
response, “Yes.”

AVENUES FOR IMPROVEMENT

Let's next explore an analogy. a training system development

approach, and topics on assurnng trainer fidelity and usability hat
focus aftention on the process of defining and getting user
requirements into the development-to-delivery loop It's not that we
understand precisely what goes on and that we can put our finger on A
solution. We just know that this loop™ 1s a very complex problem
formulation and communication process usually involving many
people cver a perod of time

1.

The "Open Shop” Approach

The difference between the closed shop™ and the " open shop
as It relates to a customer getting what he's ordered may help to
further define the problam and suggest another avenue for
solution. In the “closed chop™ procedure. you write up ycur order
as best you know how and slip it in the slot un the shop dcor that
says “incoming orders.” Tren you wait and what vou thought
you ordered s delivered through & chute marked orders
delivered here " 't may or may not be what you exgected but you
are obhiged *o use it the best vou can Sometime later you are
ailowed to make changes or even to try all over again

in the “open shop™ yuu can enter and talk with someone inside
untit you both are confident on an agreement of requirements
and expected groduct capabilities to meet those requirements
In the “open shop” you are ifree to participate and car even
influence the development of the product The product will still be
the result of compromises. and will 10! do everything ysu would
like, but bv means of persona! representation your highest
prionty requirements are usually met 1 a cost-effective and
timely wav and you cenainiy are not surprised bv what you get
upon delivery The "open shop™ approach assures that the
onginal messages of ultimate user needs are not garbled
tvasted or iost If the message does not appear clear. seems
exaggerated or even unrealistic. & discussion 1s arranged with
the cnginator Once we havz a clearly written onginator r.eeds
statement. 1t should he carned along with all endorsements or
rebuttal statemrents cf superiors. consultants. engineers
requirrements  people.  procurement  specialists  hinarce
specialists. or anyone who would propose approval. disapproval.
or changes to the onginal statemen: All would include reasons
or proof of ther statements as applicabie All who see the
requirement In succession would see the whole fhle of
communicatons Al imponant decision junclures 0
authenticating a rzquirement. coordination with s many of the
paracipants In the rocess as appropriate and practicable wouid
be carned ou!. especially with the ongmnator This type of
coordinaton would not precide systematc studies of relaied
needs throughout the agency involved which might be satistied
with a single development and procurement program

Adapting e 1SD Agproach

The Instructional System Deveiopmant (ISD) process s an
attempt to establish grass roots aiming requirements i a
systematc manner, retying more on a detailled analysis of *he
task to be trained rather than on the opiminns of expant trairers
and their tranees Perhaps not all tisks regure 3 detaled
analysis it carefully planned and sysiematcally obtained expert
opinean £35 Jeivrmuing what the cntical tas«s are in traiming and
emphasize dataled analysis only of these Expernt opinion on all
aspects of irz:ming reguirements should be obtained and
compared v I znalytcally denved requ.rements in the ISD
process with - are taken not ic influence the one with the ather
100 earty in tha requirtement deliniics process

1 should be recognized that grass roots incivdes the working
level as v. il as lower echelon managament In establishing tight

training requirements, for example, we need wntten and oral
staiements from the flight line ard training simulator instructors
and 'nerr tranees. These statements can often be obtained 1n
well planred interviews and discussions and through
questionnaireés wnich include open-ended nuestons Getting
upward-filtered grass roots opinions (s an essental part of the
requ:rement definition process but should never be permitted to
supplani nvestigation at the subordinate ievels

3. Assunng Fidehty

Ar observation made earlier in ims paper concerred the
difficulty in including 1n the writing =il of the details in the
reguirements and specifictions necessary to assu:e a usable
‘rainer An outstanding exampie i5 the present inability to fully
pecity arpi ne handling qualites requirements for flight
trainers The contractor understands this problem and plans a
period for “tuning” the system after the system has been
qualtied uuing zll avalat'e specificatons and anplicable
arplane source da‘a as a guide n our experence. quahfied
pilots are se:doni completely satished with the flight simulator
handing quaities on the first fight” even though the system
may have paszed all other system specification tests And when
the custome. icst pilot flies the fight simulator he sor -tmes
does not like how it handles At this point. a period 2f ime will be
reguired to Yine tune the svstern to a baseline acceptable to the
customer ot

What should be recognized is {1 the mability 1o fully specify
handivg guahties 1s a current state-of-the-art limitation. and (2)
until overcome. 1t 1s recommended that this iim.taton be
recngnized i the acceptance test procedure. the schedule. and
the program budge:.

4. Assunng Traner Usabilty to Train

Yhe presert dificulty in futly specitying the use to whicir &
system will be put is perplexing and persists to scme extent even
when ISD procedures have been in effect Given serious voids.
the contractor may (1) guess. (2) ask a lot cf questions of the
customer procirrement personne!, which he is reluctart to do fer
a vanety of reasons (3; conduct company {usually abbrevia‘ed)
training requiremeris analysis end dizplay the results to the
customer for comment and possible dialogue on this important
subject. (4) visit and talk with customer user personnel and ISD
speciahsts about therr training requirements (Sut they may noi
tully urderstand in terms of a new-conceot trainer). {5) ture
tighly qualified former custemer user parsonael (f poss.t ) io
auvise cortractor manag:ment and engineers in  the!r
preliminary design proposa' 1nd full-scale development efort. or
(6) use a combination of these and other approache,

Because traning etectveness 1s an elusve factor. u s
recommended that agency and industry work harder trying to
specity, undersiand. and compiy with the specitications Until the
stute-of-the-an atiows for more adequate spocifications. pernaps
ar acceptance tuning  procedure ajreed o by both the
procunng agency and the contractor 1s needed that can be useq
to establish more exactly what the user needs in interaction with
the actual training device Obwviously some tiexibiity in the
systems, such as in the mstructional system. will be reaurred to
enabie tuning !o the needs of the instructor pilot It s tuther
i=commended that considesation aisc be gnen on se'eclec
programs 10 have & user ropresentative of panei on sie of the
contractor dunng both development and test evaluaticn

ALTERNATIVE

Communicating 1s a c¢rificult a1 arxd can be very frustzating Care must
be taken that frustrabons do not lake ON a personad nature. when a
new ok at the whole process 18 more in orde: Take a stuation where
a customur knows in tus own mind what he wanted his new system to
do and had wgh eapectations oniy 1o discover far less capahity jhan
he expecled dunng acceptance tests Or magine the trustration of




cons isnticus company people who really wani i satisfy 3 customer
but canot ssem to even though the systern meets formal
specitication requiremerts The usual trade-oft Is eitner a dissatishied
customer who in tiine finds some way to use the new traner, or a
sertes of engineenng changes to iinarave the system if the customer
can afford them

To alleviate the frustration, we neec to come to grips with certain
basic problems:

1) Recognize the need for improvi-3 the requirement.
specfication communicatinn process

2) Define and establish an approach to acconiphsh the
needed improvemenis

3)  Where necessary. accapt current Limutations in siatements
of requirements 2nd specications and build in feed-back
Inops to close the commumication information gap

4) Correctly assess the source of apparent human and
organization hmits 1o curnmunicaie requirements  and
specithcations and assign alternaisve methods 1in both
planning and development to overcome communication
weaknesses

5)  As part o1 the user maintenance manuas prepare a final
feedback on the whole development process that
summanzes (he contractor's interpretation of contract
speciicaticns. how they were mel. and operating guides
for the Lse: 0 use 0 atiain the performance intended by
the original requircments  Perh” ps tne manuals could even
preceae delivery of the tiainer equipmert SO €urdnsas
would be mmimized and fuh operxhonal use expedited
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ABSTRACT

<
0
‘ The wusefulness or the image produced by a CIG systen is not well
: c::> characterized by just the number of edges or surfaces displayed, but is &
- strong function of the effectiveness with which the scene G=talls provide
visual cues. This paper presents some exannies of what can be achieved
c::: using hardware capabilities and modeling tecaniques to enhance the ability
of the CiG to present useful scene detail.

Previous CIG systems changed scene details when their image size was
<mall encugh Sso as not to be distracting to the observer. Recently
introduced system capabilities allow scena details to evolve in a more
continuous, smooth, and indeperndent manner. By using these capabilities,
detaiis need not be 1:ncluded in the scene until they are of visual
importance. A hierarchical management structure is utilized to provide
efficient data base cull'ng and level of detail control This enables data
bases with thousands of sguare miles, many levels of il, and thousands
of surfaces per square mile to be processed efficiéntly by the 1image
generator. Such cdata bases, rich in two- and three-dimensional textural
features, can be eiliciently produced Ly wvsing adtomated generation
procedures that requirz a minimum of modeler effort.

INTRODUCTION develnpment of the techniques presented
in this naper was dorne on an Evens &
The imagery produced by a real-time Sutherland CTJA image generatos. This
computer image generator (CIG) 1is, in paper will introduce somz of vhe system
truth, a very sophisticated iliusion. capabilities, and the modeling
The participant in a simulation exercise strategies which have been developed to
should feel, think, and react as if what more fully uti.ize these capabilities.
he is seeing is real, when in fact it is
not. As the range of training,
engineering, and test environments HARDWARE FEATURES
broadens and the demand on treining
eftectiveness increases, so does the This section will outline the
demand on the CIG. structure of a CT5A data base and then
discuss some of the features of the
The problem for CIlG systems has CIG's cell processor, which dJdoes the
lways been to produce the “most initial processing of the data base.
effective image" possible within a set
of constraints, The typical measure Data Base Structure
used te define the “"most effective
image" has been the number of edges or A CTSA data base is a collection of
surfaces that can be displayed. This scene elemerts that has been organized
has proven to be an inadequate metric in into a hierarchical structure to allow
specifying the capability »f a CIG efficient processing by the image
system. The effectiveness of the generator. Scene elements consist of
illusion is more dependent on the planar surfaces, called polygons, and
system's ability tc provide sufficient lights. Ob%ecsg in a data base are made
cues for a particular task, whether it up of a collection cf these surfaces and
be high altitude navigation or low lights, Usually an object is thought of
altitude weapons delivery. This ability as a single entity suchk &= a tree, bush,
can be =easured in terms of the number or rock. 5y organizing surfaces of
of displayed edges or surfaces, the various sizes and shapes the modeler can
number and density of cues, the Lreate complex items, such as aircraft
concentration of cues where they are ard shi;s. The modeler can determine
most important, and the system's ability the visual attributes of an object by
to manage the data base in a manner that specifying the color and shading
is both non-distracting to the observer characteristics of the surfaces that
and efficient in presenting scene detail. comprise the object. CT5A also allows
ebjects to be made transparent, and
To enhance the _osputer-generatsd several levels of Transparency are
fllusion, an effective combination of provided.
model.ing strategies and image gen=rator
capabilities is required. The The hierarchicai structure of the
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data base can be likened to a tree with
main branches that diverge into smaller
branclies and eventually cdown to the
individual leaves. The  CT5A image
generator traces through the d::ta base
tree and applies a series of culling
tests to determine which portions of the

encire data base should be considered
for further processing and possible
display. These culling tests are
performed to eliminate, as early as
possibie, and in pleces as large as
possible, thoce portions of the data
base that will not appear in any display
channel. These culling tests include
level of detail (on.y the simplest
representation of an object necessary
for a given viewing dlstance 1is used)
and field of view testing (does the item

display channel). An
data bése tree tracing

impinge on  any
exanple of this

will illustrate this concept.

Imagine a data base which consists
of the entire continental United
States. If the simulated egepoint |is

positioned so as to be looking directly
3t the Evans & Sutherland DLuilding in

Salt Lake City, Utah, then the image
generator must trace through t(he data
base tree for the whole United States
and decide which surfaces, ouvt of the
billions possible, should be Jdisplayed
to represent this scene. At the
beginning of the tree processing the

United States is
is known as a cell.
volume in 3 space which has
a high and 4 low level of detail (LOD),
i.e., L L oTpiex and a simpie
represenctation. Each representation may
either be an obj)ect, which 1is output
directly to the geometric [r cessing
function for eventual display, or a
collection of cells. This collection ot
cells, called a mesh, forms another
branck of the data base tree which :s
further processed by the image
generator. Each cell also has an
associated transition range, which tells
the image generator whicn LoD to
proces., depending on the eyepsint's
distance from that cell.

entire continerntal
represented by what
A cell is a

Since the
within the cell for
the high LOD option
processing on the low LOD stops. The
high LOD for this United States' cell
may consist of a mesh of 48 cells, whete
each «cell represents a state. The
culling tests are applied to these <8
cells tc deteimine that only the cell
for the state of Utah s within thre
specifiei transition range and needs
further processing, while the other 47
states need no longer be considered.
The cell for Utah also has a low and a
high level of detail with an associated
transition range. The high LOD s
processed further by the image generator
since the eyepoir. 18 within the
specified transiticn ra ge. This high
LOD is made up of several counties in

simulated eyepcint s
the United states,
is pursued and all
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the
cell.

state, with each county being a

Again the culling tests on these
couaty cells are applied to find that
only Salt Lake County needs further
processing.

tach of the cities in Salt Lake
County wmay be considered a cell with its
own high and low level of detaii. Since
the eyepoint is in Salt Lake City, the
high level of detail for the city is
procassed further while the lower levels
of detail for some of the nearby cities
may also be processed. The Sal. Lake
City cell may have several subcells for
sections of the city, and aocain the
culling tesvs would choose the East
Bench area for processing at its high
LOD, while other portions of the city
might have their lower levels of detail
represented depending on their distance
from the eyepoint. Tracing through the
data .ase tree in this marner continues
until the particular srene that is being
observed is culled out of the rest of
the features in the Zast Bench portion
of the city.

» State of Utah

/

salt

County

\\\\

Lake City

Evans & Sutheriand Butiliding

4

Figure i
A hierarchical Lata Base




In this manner the image generator
has, with very few decisions, culled
through the entire United States data
base to determine exactly which surfaces
need to be procossed to disp.ay the
desired bhuildias 2nd  nearby details.
This type of  hierarchical structure
allows the CTS5A hardware to trace
through an extremely complex data base
tree very rapidly and efficiently.

The Cell Processor

The cell processor is that portion
o: the image gencrator which traces
throtah the data base tree, once every
field, to determine which set or objects
should Le considered for further
processing. Several features In the
cell processor enhance 1its ability to
perform tnis functicn.

Perspective Foreshortening
Correction, When a primarily tlat scene
detail 1is viewed at a very shallow
qlancing angle, its effective screen
subtense may be much less than its
nominal perspective size based on range
alone. This perspective foreshortening
means that the displayed visual
signiticance of the item will be
generally less, sometimes much less,

than if it were always viewed
straight-on. CT5A provides a method of
accounting tor tae perspective

foreshortening of items by correcting
the computed transition range to delay
introduction of an object inco the
active scene to provide for equivalent
visual impact at the switch. This
process helps avoid the compression of
details at the horizon, and their
attendant buildup, and fuarther frees 1G
resources tor use on more visually
significant scene details.

Fade Level 9f Detail. Fade level
ot detall makes the transition between
levels of detail smoother and less
distracting to the observer. When this
is used, the transition is done
jradually. Using the trensparency
feature, the incoming object starts out
transparent ana becomes more opaque,
while the outgoing object starts out
opague and becomes more transparent.
This yradual switching between levels of
detai! allows the transition to take
place much <closer to the  observer
without being distiacting.

Load managemen:. The Ci5A employs
a hardwate-based Joad management schene
which tsiees advantage of the faci that
small moditications in LOD transitionr
ranjes thrcughout a data base can have a
Cuhdiverable etfect in altering the
image generator's system load, without
kaving a  slignificant cifect on the
vizual rcene. The transition ranges on
each cell in the Jata base are modified
t¢ keep the Image gererator running at
or below *he nominal time. Nodifications
to the transition ranges are done in

real time and are small enough to reduce
the system load when necessary without
becoming visually apparent. Since the
load management is an automatic process,
the modeler does not neced to be
concerned about <creating a data base
that will never overload the system, he
only needs to have a data base whose
average complexity 1s within the
system's limits.

MODELING TECHNIQUES

The ciharacrterization of what
constitutes 1 useful imagye has always
been a very ditficult task. Many
considerations must be taken into

account which are highly dependent on
the training task, the image generator's
capabilities, and the subjective bias s
of those using the system. There are,
however, several objec-tive measures that
can aid in determining the usefulness of
a data base.

1. How many scene elements can be
displayed in each channel, and in the
aggregate channels? This number, which
is hardware-depencent, has typically
been the measure of a CIG's capability,
yet important issues arise about how
those scene elements are used to provide
cues.

Ao What 1is the density of scene
elemernts ot objects in the modeled
envircnment? The density cf objectz in
the scene indicates the (frequency of
cues and determines whether sufticieat
information can be presented to perform
a particular task. Training tasks, such
as nap of the earth helicopter flying,
may require some type of ground object
every 25 feet, while medium eltitude
flying might require one every 2¢81
feet. Some tactical missions require
approprilate cues throughout a lerge
altitude range, implying a capatility to
make a graceful transition to addit.onail
detail at lower altitudes without
exceeding the system's capacity at the
higher altitudes. The user of a
simulator mu:t determine the density of
cues needed fo. the task and then
snecity an image generator and modeled
data base which can suppor*® that density.

3. What is the average density of
scene elements or objects in the image
plane? Because of scene compression
neat *he horizon, a data base that has a
unitorm distribution of objects in model
space will not be uniformly distributed
in the image plane, but will tend to
have Iincreased density with distance
from the eye. This tends tc “crowd®™ the
objects in a very narrow band near the
horizon, at the expense of sparser
detall closer to the obhserver. Mechods
that can create a nearly <onstant
density of objects in the image plane
will allcew much mere visually etfective
use of scene detail.

-




4. Are objects provided at various

so that cues are available at
several ranges from the eye? The eye
has a tendency to 1ignore visual cues
from objects which are either too large
or too small. Whatever the actual size
of an object, there 1is a range of
distances in which the objec:t will have
the proper perspective size to be of
visual significance, and outside of
which the object will be increasingly
ignored. This implics that the data
base must provide cues which are of
various sizes so that those objects,
which are larger and spaced less
frequently, are mixed 1in with small
items which are spaced closer together.
This provides a fairly constant spatial
frequency ot cues for the participant in
a visual simulation.

slzes

Several modeling techniques have
been develuped to increase the effective
scene -~ontent of a data base based on
the criteria set forth above. These

methods can provicez ways of analytically
designing and then producing a data base
which will satisfy a broad range of
tra‘ning tasks.

Level Uf Detail

The modeler uses u level of detail
strategy to create several
representations of an cbject, eaca with
a different number of scene elements.
For example, an airplane might have
three levels of detail, i.e., three
representations, one with 440 surtoces
for rhe nhighest detuil, ano>ther with 14
surfaces, and the lowest detail may only
be 32 surfaces. ‘“he 1mage gererator
chooses which representation to display
based on the dJdistance from the eyepoint

to the airplane. In creating the data
base, the modeler specifies theat the
airplane will first appear as the lowvest
level of detail at 3.25 nm., then be
replaced by the middle level of Jetail
at 0.5 nm., and the highest detail

repsesentation will be shown at ¢.1 nm.

The mo.eler tries to specify
transitions to take place as clcse as
possible without making the reolacement
distracting, ana thus saves the image
generatur as much nr ‘essing as
possiole. The distance at which the

.5 based on sucn
the perspective size of
the object, <) the relative contrast
between the object and its backeround,
3) the shape of the object's silhcuette,

transition takes place
criteria as: 1y

and 4) the .elative geometric
differences between the levels of detail
which are switching. by using simpler
representations for objects at greater
distances, the image qenerstor has
greater capacity to dispiay more
objects, thus increasing the number of

visual cues that can be displayel.

The
applies not

detail
indivicual

of
to

level
only

strategy
objects
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but also to every cell 1n the data
base. Each cell in the data base has a
low and a high option printer which can

be considered the low and hiah levels ot

detall for that cell. This ollows an
entire region te have a low and a u.g”
detail representation, as well as each

portion of the region. The real power of
the strategy comes from the hierarchical
nature of the cell. By «creating a
hierarchy of cells, the modeler can
create a tree with a high arnd low level
of detail, then a grovp of trees with a
high and locw level, then a forest with a
high and low option, and even an entire
large section of forested terrain with
roth options.

An example of this can be seen in

Figure 6. Represented 1in the desert
scene are six levels of detaill. The
first level of detail consists of the
basic desert floor with a few mesas.
Nearer to the eye, buttes are added to
form the second level of detall and
complete the large objects. The third
level of detail is formed by adding sand
dunes arcund the mesas anc¢ buttes.

These dunes are added to the scene -t a

distance which makes their si.houette
visually significant. The fourth level
of detail is to add the cacti on and
around the dunes and buttes. The fifth
level of detall adds tne bushes to the
scene. Rocks and pebbles make up the
sixth level. TIH =~ six level-cf-detail
desig of the desert applies the
level-of-detail ideas to the desert as a
whcle, as well as to each palette item
in the desert, and makes the scene very
detailed near the eye buc fairly simple
far away where the snall items are not
important.
Fade Level Of Detail

With the hardware facde

level-of-detail capability, the modeler

has greater leverage in specifying the
transitions between representations of
ar. object, Previhus strategies for
level of detail switching reguired a

sudden replacemerit of one repr2sentation
for another. This required the switch to
tcke place when the perspective sizes of

the objects, or their reiative
differences, were sufficientiy small s»
as  not to be distracting e the

observer. This was typically at a much

gr2ater distance than that at which the
r=<ulting details were useful. Thus a
significant amount of detail had teo be

processed, not b=cause it was useful but
solely to help keep 1its introductiosn
from becominy objectionable.

It fade level of detail has bpeer
selected by the modeler .or the
transition between an object's two
levels of detail (LOD), then at the
specified transition range the
replacement LOD is brought into thre
active scel¢ as a tiansparen* cbject.

As the distance from the eyepoint to the
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object ~hanges the repiacement 0D
gradually becomes more opaque while the
replaced LOD becomes more transparent.
When the replacement LOD is fully opaque
L replaceu LOD is completely

transparent and 1Is removed from he
active scene.
Fade level of detail makes the

changes between objects more subtle and
consequently less distracting to the
observer, and thus allows the
transitions to take place closer to the
observer. The subtlety also enables the
use of fewer levels c¢f detail, with
greater geometric differences between
levels, yet still without distraction at
transition. Fifty percent reductions in
the transition range are not unusual.
This means that simpler representations
are more often displayed, which
conserves system resources and allows
more objects to be displayed.

Level Of Scale

A visually effective data base must

provide a selection of visual cues of
ditfering sizes and spacing. Each
particular visual cue has a range over
which it contributes significantly %o

the image; beyond this
cdecreasing size makes it less and less
valuable, and the modeling strateyy
should remove it from the scene when its
value drops below some threshold. To
extend the scene richness beyond this
range, other wvisual <c¢ues are needed
which are substantially larger (hence
continue to have visval significance at
the further tranges), and are spaced
farther apart. Several addiltional leves
of scale may oe proviaed, each with o
particular range over which it
contributes significance, until a
continuity of detail to the maximum
required range is achieved. The largest
levels of scale, which are introduced
into the scene at the longest ranges.
are not removed from the scene as the
opsferver gets clcse to them, but tneir
greatervt spacing keeps theiv
coltributions from overlcading the image
jenerator. Zich level of scale can GLe
iesigned to requii: a percentaze of the

range its

overall image generator resource, and
then several 1levels added together to
achieve the required depth of scene
without image generator overolad. The

desert shown in Fiqure € uses six such
levels of scale, and achieves scene
richness from ve-y near the obse:.ver out
to ten miles. The apparent scene
density remains high ovei a wide range
of flight altituades, and tlie emergence
of tae smaller levels of scale provides
valuable velocity, altitu’le and
time-to-impact cues.

Computational Methods

Planning and executing the design
data base to accomplish specific

objectives within given image generatot

of a
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constraincts has traditionally Leen a
difficult and itcrative task. The next
few secticns of this paper indicate ow
such planning and estimating can Le
successfully accomviished during the

design phase, a3and how the data base
structure nakes iz feasible to
modularize tne moédzling process. In
performing these computations, severa’
approximaticns are made concerning the
data base and the methods used in
deriving the results. The data bagtes

used in these examples are assumea te be
csafificiently flat that the surface area
<t *he tearrain can bz approximated by a
piane and planar area formulas can be
vsed. When the area under consideraticua
evtends rrom the eyepoint out to a4
particular distance, the area will be
computed as a sector of a circle. It
the area under <consideration is bounded
by two nenzers distances from the
eyepoint, then the area will be computed
as a sector of an anrnulus. The average
ground area per cbject iz computed as
the total area covered by the objects
divided by the number of oubjects in that
area. The average spacing between
ohjects is simply the squate root of the
average ground area per object.

The hierarchical nature of the data
tase tree allows the modeler to
construct the data base in modules which
can then be concatenated to form the
whole data base. The impact of each
mcdule on the image generator's rapacity
can be computed independently trem tLhe
other modules in the data base. As the
modules are Jcined to form larger
nodules, the result on system load is
rdditive. This allcws the modeler to
start with the specifications for a data
base and systematically sudaet the image
generator's resources amoang various
.yoes of detail to produce he desired
data base.

I'he arithmeti~c used in deriving the
results of the next few sections is
simple and straightforward. Sufficient
information 1is provided so the reader
can verify the numbers if desirec.

Scene Element Densities In Model Space

Computing scene elem=2nt densities
yives an indication of the number of
visual cues presented in a scene as well
as their average spacing. If the data
tase is assumed to lie essentially in
the ground plane, then scene element
density means the number of scene
elements per square unit when the
highest level of detail for objects in
the area is presented, e.g., surfaces
per square nautical mile (sgnm). This
is nsually computed as:

No. of objects No. of surfaces
Density= . =
sgnm objact
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Because of the limited capability
of an image generator to display scene
elements, the allowable density of
objects in a data base is constrained b
the total number =7 ecopr 1oL eliion
can be processed and the simulator's
field of wview. In the following
examples the visual system is assumed to
have a 120-degree horizontal field of
view.

The above
nodeler four parameters
adjusted to meer the neeas of the
simulation problem: number oi objects,
the area which is covered by the highest
level of detail of these objects, the
number of surfaces per object, and the
density. Any three oif them necessarily
detine the fourth.

relationship gives the
which can be

Typically a modeler will be faced
with a prcblem where one or more 3£ the
parameters will be specified for him and
he must create the dats base to fulfill
those specifications. A problem a
modeler might encouiter is to credte a
forest whici: uses an average of 1588
surfaces for the trees within the field
of wview. The next task the modeler
would do is to design a tree or several
types of trees which he would like to
put in the forest. The modeler can make
a tree which uses anywhere from several
hundred surfaces to a simple three-sided
pyramid in its highest LGD; the choice
is based on the visual requirements fo:
the simulation exercise. Some
situations, such as nap of the earth
helicopter flying, may require very
detajled trees, while other applications
for higher altitudes may be satisfied by
simpler representations. The
specifications for the data base shculd
incicate the types of wvisual cues
required. Suppose that in this example
the forest will be flown over at a high
velocity and only fairly simple
representations for the trees are needed
to give height and velocity cues. Based
on this criteria the modeler creates a
tree which has 18 surfaces. After some
experimentation the modeler finds that
if the tree is added to the active scene
at a range of 5 nm., then the audition
of the tree is not distracting tv the
observer.

The modeler has now specified all
of the paramecers in the density
relationship. The area in a 1l28-degree
fieid of view sector of a 5 nm radius
circle is 26.2 sqgnm with 1509 surfaces
desired. This implies a density of 57
surfaces per sqnm or 6 trees per sqnm.

This density means that the average
ground area per tree is 6.44 million
sqft. or an average spacing of 2,5@89

feet between trees. The modeler can
then cieate his data base so that the

placement of trees in the forest is an
average of every 2,588 ft.

By using fade level of detail, the
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transition range at which the tree is
added to the active scene can be
decreased considerably. If in the above
example the transition range were to be
l.TreaceA ra 1.5 nm., then the resultant
torest would have an average surface
dersity of 637 surfaces per sgnm. or 64
trees per sgnm. with the average spacing
between trees Dbeing 762 ft. The
tremendous leverage that is gained by
decreasing the transition renge 1s due
to the fact that the total area
displayed at a given LOD decreases
proportionately to the square of tae
transition range.

levels of detail
lso gives the modeler tremend. s
everage, since representations
requiring fewer surfaces car be used for
the sections of the field of view which
may <cover large areas. Suppose the
modeler finds that i.e can create a lower
level of detail for the tree which uses
only 3 surfaces. The m~deler also
changes the transition ranges so the low
level of detail comes in at 1.5 nm. and
the high 1level of detail comes in at
9.25 nm. Using these parametcrs, the
modeler computes that his forest can now
have a surface density of 1,992 surfaces
per sgnm. or 199 trees per sgnm. with an
average spacing between trees of 430 ft.

Using multiple

a
1
=

Table 1 summarizes the results of
these three examples and shows the
tremendous increases in surface
densities realized when using multiple
levels of detail and the fade level of
ietail option.

Average Polygon Tree
Tree Spacing Density Density
Confiqurzation|between (surfaces| (trees
trees (ft)|/sqnm) /sqnm)
1 level cf
detail, 5 nm. 2,500 57 6
transition
1 level of
detail 1.5 nm 762 637 64
transition
2 levels of
detail, 1.5 430 1,992 199
and 92.25 nm
transitions

Table 1
Forest Tree Surface Densities

Image FPlane Scene Element Dercities

If the density of objects in model

space is constant, as in the examples
above, the density of objects in the
image plane will {increase with the

distance from the eye. This is simply

becaust: the area in a given section of
increases with that

the 1I(mage plane
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section's distance from the observer.
This tends to roncentrate the objects in
a scene close to the horizon and leave
fewer objects close to the eye. To
efficiently use the displayed obijects
for visual cues, the observer would like
to have the density of objects remain
constant in the image piane so that the
number of objects close to the horizon
is nearly the same as it is close to the
eye. This implies that the density cf
objects in model space must decrease
rapidly with distance from the eye.

Wwhen computing the image plane
density the modeler needs to know the
vertical field of view configuration for
a simulator. Figure 2 shows a possible

configuration.
_ IMAGE PLANE
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i
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Stmilsted vertical treld of view 80° 0 o Trom eve
Srmalate! ovepoint altitnde S tect
Figure 2
Vertical Fie.’ Of View Configuration
To achieve near constant image
rlane density, the modeler can employ

some of the level of scale concepts and
add cmaller objects close to the eye at
a greater density tc provide more visual
cues. Continuing with the example above
of the forest, the modeler may wish to
add bushes to the foreground half of the
image plane section covered by trees,
i.e., the section covered by angie A in
Figure 2, Suppose that the modeler has
created a bush which has a transition
range to be brought intc the active
scene of 0.21 nm. The modeler then needs
to compi.te the necessary density of
bushes to have the same image pilane
density in the area with trees and
bushes as in the area with trees only.

The density of trees in the
120-degree horiiontal field of view was
previously computed to be 139 trees per
sqnm. The area covered by the annulus
defined by angle B in Flgure 2 is 4.1
sgqnm., hence 825 trees ar@® in that
section of the field of view. The
region defined by angle A in Figure 2
has an area of 0.84 sqnm. To achieve
the sewme density of objects in the
3ection of the image plane covered bLY
angle A, there must also be 825
objects. In the region covered by angle
A there are presently 7 trees, which
means that the modeler needs %o add 818
bushes to achieve the desired c¢hject

density in the image plane. 818 Lushes

[
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spread out over the area covered by
angle A would be achieved by placing a
bush on the average of every 48 ft.

With the addition of the bushes to
the foreground, the modeler has achieved
either a bush or a tree approximately

every 40 ft. as compared to th 430 ft.
with only the trees. If the modeler
uses 4 surfaces for the bush, then he
will have achieved a surface density in
the forest of approximately 93,673
surfaces per sqnm.

The 93,673 surface density

represents the total number of surfaces
which comprise all of the bushes and
trees when their highest level of detail
is presented. Since the trees have a
lower level of detail and not all the
surfaces in the bushes and trees are
front-faced, only about 4000 surfaces
are actually displayed.

Ancther technique for achieving a
near constant image plane density is to
have the same type of objects brought in

to the active scene at varying
distances. In the forest example the
modeler may choose not to use bushes,

but rather have the trees brought into
the sc2one at several transition ranges.
He may have trees coming in at I nm., 1
am., and 0.5 nm., each with increasing
densities in model space as the distance

from the eye decreases.

By trying to achieve a constant
image plane density, the modeler can
create a data base which has an
abundance of three-dimensional cues near
the eye where they are useful instead of
concentrating them on the horizon. These
examples, although simplified, show the
basic principles. In practice the
modeler can calculate the densities of
s2veral sections of the screen and use
several different types of caDjecte to
achieve the desired densities.

Automated Generation Frocedures

In the creation of high density
data beses, the modeler is faced with
the problem of how to create the large
number of objects necwssary. In the
above example of the forest with bushes,
if the modeler were to <create each
individual bush and tree in a 50 nm. x
580 nm. square of fore:tt he would have to
make about 57 million jushes and 500,209
trees. The need for automated creation
of c¢bijects 1is clearly evident. It is
also eavident that the image generator
must be able tro reuse portions of the
data base since it cannot hope to store
the number of surfaces required for each
individuel tree and bush.

The modeling system used to create
CT5A models hus a procedural capability,

which gives the modeler trewmendous
leverage in creating 1large numbers of
similar objects. These procedures are
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somewhat cimilar to FORTRAN subroutines

which have input parameters and
particular outputs. A procedure which
makas a tree can have input parameters
of position, scale, rotation, and

transition ranges between levels of
detail. Once the procedure is written.
it can be called manv times with
variations to the 1input parameters Lo
create a large group of trees. After
this group of trees has been made, it
can be duplicated and wused in many
locations to create a whole forest.

The creation of terrain over large
geographical areas 1is greatly aided by
the use of ,rocedures. Procedures can
be written to create mountalnous areas,
hills, farm land, forests, swamps,
oceans, and the like. If the modeler is
constrained to create a section of
terrain to a certain level of
specificity he may do so and then
continue the enhancement of the terrain
by the use of procedures. A mcdeler may
specify where the majer peaks, valleys,
and ridges are in a mountainous section
and then let the procedures embellish
the basic structure with smaller hills,
minor peaks, and vegetation.

Procedures defined in the modeling
system may, ot course, call other
procedures. This capability gives even
more leverage to the modeler. A
procedure may De written to do a runway
by calling other procedures to do
VAS1's, runway lights, strobes, stripes,
numbers. oll marks, tire marks, and
expansion joint cracks. In this manner
c modeler may build an entire runway in
only a few minutes by specifying such
things as runway heading, length, and
type.

The larg: number of surtaces, which
must be storad and processed in a high
dersity data base, also requires the
image generator to be ahle tc reuse
portions of the data base. The CT5A has
an instancing capability which aliows
portions of a data base to be stored in
memory once, but used many times bv
relocation within the data base. The
modeler uses this instancing capability
by creating a mesh for a particular
portion of the data base and then
indicating that «copies ot this mesh
should be placed at various locations in
the visual environment. The original
mesh is placed in the image generator's
visual environment memory and then all
copies access the same information from
memory and apply a modeler-specified
translation to pcsition the mesh where
desired.

When <creating the forest, the
moGeler may create a group of &7% bushes
and S5 trees as a mesh. Using the
instancing capability, the modeler may
then place this group of bushes and
trees at varicus locaticns to creace

portions of the forest or perhaps the

entire forest. This small section of
forest could be used in the data base as
needed. In this manner the modeler only
has to mode! a2 small section of the data
base to get effectively large sections,
while freeing the 1image generator's
memory to hold more information
concerning otner portions of the visual
environment.

EXAMPLES

This section showe several examples
of data bases which have been created to
demonstrate the modeling strategies
discussed above. These data bases are
all desiyned to run on a six-channel
CTS5A with a 128-degree horizontal field
of view and to stay within the system's
nominal capacity.

Figure 3: Hilly forest -- This
hilly forest employs a single
seven-surface object for the trees,
using fuade level of detail for the
transition from null to a single tree.
The trees are brought into the scene at
distances ranging from 1.5 nm. to 8.5
nm. to maintain a constant image plane
density. No level of scale concepts are
employed, hence the lack of cues for
higher altitudes or for below tree top
flying. The spacing becween the trees
is approximately 191 ft., «creating a
surface density of approximately 7,900
surfaces per sgnm.

Figure 4: ~flat Forest -- The flat
forest employs two levels of detail for
the trees and employs fade leve:r of
detail for the transitions. Constant
image plane density is aclieved by
varying the distance at which the trees
are brought into the scene. The trees
and the abstract ground patterns create
two levels of scale and enable flight
below tree top level. The surface
density achieved here is approximately
130,880 surfaces per sgnm. with a
spacing between the trees of
approximately 5¢ feet.

Figure 5: Gcean and Clouds -~
Textural features liike ocean waves and
clouds are possible using several levels
or detail and several levels of scale on
the color patterns. The procedures used
in creating the ocean and clouds are
simila. and required the modeler to
specify only 28 surfaces for the
patterns. The ocean and clouds have
been designed to use only 34% of the
system channel capacity, thus reserving
sufrficient capacity for ships and
aircratt.

Figure 6: Desert -- The desert
represents the most thorough application
of the modeling techniques. Six levels
of scale are used to create a nearly
constant i{mage plane density and to
support flight at a broad range of

altitudes. Each item in the desert is
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modeled at 2 to 4 levels of detail,
using fade 1level of detail for the
transitions. The surface density
achieved is approximately 87,000
surfaces per sgnm. over 1¥9 sgnm. and
yet, using the procedvral capakilities,
the modeler only had to model
approximately 480 surfaces. Using the
hardware instancing, che entire desert
| requires only 4009 suifaces in the image
k generator's memory.

CONCLUSIONS

An effective combination of the
CT5A hardware capabilities and modeling
strategies enables the modeler ton create
and display data bases which greatly
increase the wusefulness of the CIG
image. The image generator's ability to
process larye amounts of information,
and make a multitude of decisions
concerniag such things as level of
detail, load management, perspective
foreshortening correction, and data base
cuiling in real time, enables the
modeling strategies to be employed.

It is our belief that by applying
these modeling techniques, along with
the necessary hardware support, visual
data bases can be created which will
support nap of the earth, contour
flying, wvertical takeoff and 1landing,
and a host of other applications.
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ABSTRACT

Tonstructing a scene data base for current computer 1image ¢generation systems is a
costly and time-censuming task. Thousands of edges mist be defined by positioning the end
points, or vertices, of each edge. In addition, edges bounding a common surface or face
mest be linked in a list. Data for each face must include information for a normal vector,
and data for faces representing curved objects must include information for normal! interpni-
ation to simulate smooth shading across the object. This paper describes a more efficient
scene model that is easier to construct and yet produces a more faithful representation of
the real world. Scene geometry is modeled by quadric surfaces bounded by planes. Scene
detail 1is modgeled by a mathematical texturing function which modulates surface shading
intensity and translucence. The paper describes how the new model simplifies .odeling
terrain, cultural features, moving targets, and special effects.’

A PO0O0C1SY

INTRODUCTION

The problem of constructing a computer model individual scene features as incé:vidual volumes.
representing the complexity of a real-world scene This allows modeling many scene features, such as a
and allowing real-time image generation 1is a bush or a toulder, by a single ellipscid. ™odeling
formidable one. Two decades ago, computer image such features in this way is much simpler than
generation (CIG) pioneers attacked this problem by wusing edges because very few parameters are
applying a time-honored engineering axiom: “be wise required to define a quadric surface, and ‘hese
- linecarize." The linear scene mou=. that they parameters relate directly to the shape ard

} prrducea was defined by efficiency of image position of the feature being modeled.
.omputation rather than by efficiency of
modeling. Over the past 20 yeors, impressive Many scene features can not be represented by
developments in CIG techniques based on this mode! a single quadric surface alone. T~ allow more
have reinforced its use. Over the same period of flexibility in our scene model, w2 include the
time, however, the sophistication and complexity of capabili“ to bound a quafric surfi.e with planar
training missions have created new demands on CIG surfaces ). This allows us to mudel a wide
technologqy. Ironically, it is the past successes variety of curved and linear scene features in a
of CIG that nhav: enahled training to move forward very simple manner. For example. e can model an
ta the point where it can make these demands. aerodynamic surface using a thin e¢lliptical cone
bounded by two planes. A qun barrel or tree trunk
furrent training requirements call for the <can be modeled by a cylinder bounded by two
capatility to model extensive gaming areas and to planes. We organize our data base as a set of such
represent scene detail with eaough fidelity to qeometrically defined “objects,' with each object
support nap-of-the-earth (NOE) flight and gqround defined by one quadric surfare and up to six
based operations. The asymptotic progress of edge bounding planes. Complex scene featu=~es, such as
CIG technology indicates that these requiremeat: targets, are modeled by multiple nbjects. A glance
can be satisfied 2aly by a new, more efficient at Fiq, 1 will show how this pa-ametric approach
approach to scene modeling.

A NEW SCENE MODcEL

In developing a new scene mnodel, Grumman
studied the prchlem from the top down, chocsing the
most efficient data base tn represent the full
range of scene features needed for tocay's
training, These features include terrain,
vegetation, cultural featuras, moving targets,
clouds, smoke, and weapons effec®s., We determined
that the most significant limitations in edge /
technoloqy for modeling these features were due to
fts inability to model surface curvature and
textural detail efficiently. We therefore focused \
our scene mydel development on devising efficient
representation of these two features,

Surface Curvature

is) EDGE MCDEL o) QUADRIC SURFACE MODEL

Quadric  surfaces are matnemacically the 1i28:0010
simplest form of curved surface and can represent Fig. 1 Comporison of Two Tree Models
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simplifies
modeling.

scene modeling compa.ed to edqge
Using edges, the foliage for a single
tree would require the positioning of many
vertices, with lists lirking vertices, edges, and
faces. lJsing quadric surfaces, we need specify
only three dimension parameters, three rotation
angles, and three position coordinates for an
ellipsoid, in addition to three rotation angles and
three position coordinates for a bounding plane.

The tree trunk can bhe modeled similarly by a
cylinder and two bounding planes. Thus, the
modeler will be required to define fewer data
values, and these values will have a direct

relation to the geometry of scene features he is
modeling.

The significance of this simplification lies
in the fact that any realistic scene will contain
hundreds or even thousands of such features.
Automated as well as manual scene modeling will

henefit from this simplification since less data is
involved, and the parametric nature of the ddta
hase allows straightforward definition of shape,
size, and position.

Textural Detail

Most of the visual detail in real world s:enes
is due to minor topuqraphical variations that would
he very costly to model with a geometric data
base. Such detail can be efficiently modeled using
texture patterns mapped to tiue appropriate
geometric surfaces. In studying various approaches
to texturing, we developed a mathematical function
that modulates surgice shading intensity as the
image is qenerated( . The texture function maps
the pattern directly to scene surfaces with true
perspective validity because its independent
variables are the scene coordinates. This appreach
prcduces a very compact data bas2 because caly 25
function parameters define complex  patterns
covering large scene areas. In addition, many
scene features can be textured using the same set
of parameters. Because the pattern depends on the
scene coordirates, each feature will look different
from all the others. In this way we can model an
unlimited number of individual trees or hills using
a single set of texturing function parameters.
Because the func:ion parameters can be related to
the spectral content of the texture pattern,
modeling can be based on Fouriler analysis of images
of real-world feacures. Thus, the texture function
has the potentiai for automated modeling.

One of the greatest advantages of the
texturing function technique 1is the ability to
control the function parameters on-line during
image qeneration. This permits eliminating any

high-frequency ccntent of the pattern that would
cause aliasing. Related to this feature is the
ahility to vary the detail of the pattern as a
function of range. This provides a very efficient
means of varying level-of-detail (LOD) without
changing the geometric data btase. fontro! of the
function parameters also aliows us to vary
translucence across the surface of an object to
enhance the modeling capability by simulating
irreqular bcundaries and holes. Finally, by
varying the parareters dynamically, we can simulate
motien, such as tree leaf agitation and smoke
rising,

In summary, the texture function
modeling of scene detai!

simplifies
by employing a minial

data base that can be related directly to the
visual characteristics of specific real-world
features. In addition, the texture function allows

an efficient means of modeling irreqular features,
such as trees, clouds, and smoke, with dynamic
capabilitv,

SCENE MNDELING WITH TEXTURED, QUADRIC SURFACES

Although quadric surfaces have been recognized
as potentially usefg& for modeling a limited set of
cultural features they have gen2rally been
considered too simple to model the 1hie range of
features required for combat training ™/. We have
found that the limitations of quadric surfaces are
greatly minimized by the addition of texturing, and

that the combination of quadric surfaces and
texturing provides an efficient data base for
modeling the full range of features required for

training, including cultural featur2s, terrain, and

special features.

Cultural Features

24

Many cultural features can be moceled hy a
single bounded quadric surface. Cylinders can be
used for oil tanks and poles; spherass can be used
fo fuel tanks, lights of finite size, and radar
domes. More complex cultural features can be
modeled by sets of objects each consisting of a
bounded quadric surtace. Thus we can use a single
ohbject to mode! 3 w.ng, a canopy, an engine pod, a
refueling beom, a tank turret, a gqun barrel, a
smoke stack, a wheel, or even a helicopter rotor
disk. Complicated curved bodies, such as an
aircraft fuselage, can be either approximated by a
single object or modeled more accurately by
multiple objects. In the latter case, care must be
taken to fit abutting objects without nocicedble
surface discontinuities. The simplicity of the
mathematics of quadric surfaces provides the
potential for automated modeling 3ids to alleviate
this problem. The simplicity of modeling cultural
features typical of training scenes is demonstrated
in Fig. 2, which shows how a tank can be modeled
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Fig. 2 Tank Model Compressed of Five Bounded Quadric Surface
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efficiently with only five objects. Figure 3 shows
a high LOD version of the tank using 51 objects.

1199-0030D

Fig. 3 High Level-oi-Detail Tank Model Composed of 51 Objects

Because each of our objects can include up to
six hounding planes, they can be used to mode!
linear, as well as curved, cultural features. To

model complex linear features such as factories, we

developed a program called "BLOCK," which creates
buildings of arbitrary complexity wusing simple
linear objects as building hlocks. The buil-“ing
blocks are rectanqular solids simply def.ned ny

three position and three dimension pdarameters.

Qur texture function can be used to add detai!
to a culiural feature mnode!l. This detail can be
linear, as in stripes on building walls, or non-
linear, as in canouflage markings on targets.

An  important consideration in nmudeling large
gaming are.s is implementation of the Defense
Mapping Agency (DMA) cultural data information,
Because this information defines features in
generic terms only, it will be necessary to
construct a lihbrary of generic cultural features
which can be accessed, scaled, and positioned n
the scene in accordance with the DMA data. The
efficiency of .cur object modeling wil( facilitate
the construction of such a librarv, and the
parametric nature of the modeling wil! simplify
scaling and positioning the features.
fegnain)

The task of modeling arbitrary terrain has

generaliy heen approached by treating an =.tensive
region as a sinqgle, complicated surface that can be
approximated by a large number of planar patches.
Because a linear model is so inefficient for
modeling complex curved surface<, an unhaccepussie
number of edqes would be requiread for a realistic
representa* ion As a result, real-tim edge
svstems rust limit the edge allocation and produce
primitive terr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>