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ABSTRACT

and prejections suggest, that the future focus of training
reusability, standardizaticn, cost reduction
and team or multiple cockpit training. Several programs are in progress which
deal directly with these issues. The Modular Simulator Design Program, a tri-
service program administered by the United States air Force,  deals . with thé
modularization and standardization of a =ingle weapons system trainer. The
Universal Threat Simulaticn System Program, administered by the United States
Wavy, is concentrating on the standardization and reusability of the threat and
electronic warfare enviromment. Project 2851, administered by the United
States Air Force, has the goal of standardizing radar and visual databases. In
the team training enviremment, the Distributed Interactive Simulation program,
administered by the United States Army, 1s attempting to provide a standard
methed of networking multiple training devices to allow for a cost effective

Trends indicate, ;
system design is medularization,

team training environment.

crucial to cbtaining the geoals of standardization,
and the eventual cost reduction of training devices. -
interaction
suggestions are presented for possible modification. to .these

objective lock at the

perspective.

How these programe interact with each other is

of these

modularization, reusahility
This paper provides an

programs from - & technical -

standards to . allow for greanter compatibility.

INTRODUCTION

Over the past decade, in an effort to
reduce costs, maintain technological

. superiority,  and make use of emerging
technelogies, the government has attempted

to standardize several

simulation and training technology. An

early example of this effort was the

attempt at standardization of software

languages with the inception of the Aada

programming language (MIL-STD-18135A) as

the standard software language for all

future training systens.

standard was met with some reluctance on

the part of industry. However, as the

benefits of using Ada and +the design

methodologies associated with the language

were gradually realizaed,

acceptance of the standardization effort

occurred. Standardization was perceived

less as a "hand tying" effort on. the part

of the government and more as a benefit in

both cost savings and advancing the  state

‘of technology for the entire simulation

irdustry.

The government’s effort to enforce the Ada
programming language ag a standard did
more for the simulation community than
provide cede in a common language. It
fostered the development of a new attitude
in both the government and industry. This
attitude was based on the Ada design
principles of. modularity, reusability,
cost reduction, and alse on Jjust plain
good engineering design practices. Design
concepts and goals wvere expanded beyond
moduelar, reusable, low cost software to
the modularization and .standardization of

-facets of

Initially this.

industry
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~elimination of

specific components of training systems,
simulators as devices in general,
networking of multiple simulation devices.

There are several major DoD research and

developnent . programs currently
concentrating on developing standards
which will significantly affect the
training systems of the future.” as with

Ada, the standards associated with these
programs are =about tc become enforceable
requirements on future training systems.

It is the government’s hope that enforcing

and the

these standards will result in a reduction .

in the cost and increase in quality of
training devices through the reduction or
- redundant development
efforts and a higher degree . of system
maintainability in a time of decreasing
military budgets. However, without a
conscious analysis of how these wvarious
standards may interact when invoked
togéther for a training system, the result
cannot be determined. - A concern 1s that
the result could be a training system
which has been patched together in order

. to meet the requirements of all standards.

This paper discusses the
associated with the standardization
efforts and how these programs interact.
VWhere appropriate, suggestions are
presented for possible modifications to
these programs/standards te allow for a
better interface among the standards.

. programs
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THE PROGRAMS -

There are currently four major programs

associated with - the sta.ndardizata:.cn
effort; the Medular @ Simulator: Deslgn
Program {MSDP) , the Universal  Threat

Simulation System (UTS$S), the Distributed
Interactive Simulation (DIS) Program, and
the Standard DoD Simulater Digital Data
Base Common fransformation Program
{Project 2851). Each program is producing
a military standard  and/or stahdard
process for developing _a specific
technical aspect of the simulation arena.
The following paragraphs provide a . short
synopsis of each program including program
status. _

dular ulator ign_Pro

Phe MSDP .is a tri-service research and

development program administered by the.

United .States Air TForce. The intent of
this program is to develop a military
standard - for modular .simulators which
defines/standardizes medule functions and
interfaces  with
respect .to hardware, software and - data.
The goals of this program are to shorten
simulator development schedules by
promoting concurrent stand-alone. module
design, development, and test, reduce
simulator costs through an increased
competitive base and increased
reusability, and improving supportability
via well defined module functionality "and
interfaces coupled with recognized goed
design practices. This has besen
accomplished throcugh the partitioning of a
generic Weapons System Trainer (WST) into

aleven distinct hardware and software

modules as shown in Figure 1. Each of
these modules communicates using a
standard communication architecture

comprised of a serial data bus (FDDI)

using a standard set of system interfaces

and communication rules. = The Modular

Simulator System (MS3) is defined by a set

of System/Segment Specifications which

define the system level requirements and
the requirements for each module.. These

specifications along with a tailoring

guide will eventually become the standard

for modular simulators.

This program completed its
demonstration/validation phase in December
19%0 with successful results from

tailering the generic specifications to an
F-16C. application and building a working
nedular simulator. - The _standard . is
expected to be released by the government
in the first quarter of 1992, : :

Universal Threat Simulation Sy-s.;tem

The UTSS- program is another tri-service
research and development initiative
administered by the United States Navy.
The intent of this program is to develop a
_.threat generation system for threat models
and threat data bases capable of providing
training systems with a central repository
of wvalidated threat and interactive mode
simulations. The goal of UTSS 1is to
address the costs - of contielling,
maintaining currency and validating threat
models and threat databases in simunlators.
To this end, +the .UTSS program will
ultimately produce a Military Standard to
address standard, reusable, current .and
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FIGURE 1
Modular Simulator Architecture
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- improved

validated threat models and threat
databases. In addition to the creation of
the threat models and databases the UTSS
will also provide a service or support
facility respensible for the maintainence,
update, validation and distribution of
threat models and -data bases to the
simtlator community. A concept for this
support mechanism is shown in Figure 2.

The UTSS program recently completed its
Front End Analysis (FEA)} phase, The
intent of. the FEA was to define user
training requirements and specify the
level of threat fidelity teo satisfy those
reguirements. These functional
requirements will then be the basis of the

‘UTSsS performance specification and follow-

on Full Scale Development effort.
Preliminary results of the FEA indicated-
that users had identified a need for
interactive _threat models,
current, accurate and wvalidated threat

-data/models and an interface to the MSDP

and DIS programs.

pistributed Interactive Simulation

The DIS program is a tri-service research
and development program administered by
the United States Army. This program
addresses the standardization problems
associated with interoperability among
interconnected or networked simulators.
This effort started in August of 1989
using the work of the Defense Advanced
Research Projects Agency (DARPA) SIMulator
NETwork (SIMNET)} program as a baseline.
The goal of this effort is to provide cost

inventory of single operator trainers and
future tralining systems. These tralners
will be networked wvia Local Area Networks
. (IAN) and Wide Area Networks (WAN) as
shown in Figure 3. In order to accomplish
this goal the DIS standard must completely
define the communication protocel between

simulators in a  distributed interactive

simulatién environment.

There -is _ currently a draft Military
Standard for the DIS. . This standard
identifies the DIS communication protocol
as a set of International Organization for
. 8tandardization/Open ’ Systems
Interconnection {ISQ/08T) Application
layer based Protacol Data Units (PDU).
The PDUs are the communication messages
for the DIS network. Each simulator
{entity) participating in a DIS exexcise
_is described to other participants via the
PDUs. The DIS program currently has the
-hasic PDUs defined to allow for entity

interaction in a distributed environment.

Interfaces such as network management,
sophisticated electronic warfare,

variations in fidelity among networked .

devices, - and a  common © simelation
enviromment remain undefined with the
standard providing only basic guidance or
recommendations in these areas. )

Project 2851

Project 2851 is a tri-service research and
development pProgram which is also
administered by the United .:States Air
Foxce. The objectives of this program are
to eliminate duplicative data base

effective team training and develcopmental generation and redundant software
testing capabilities by using the current development while improving database
uTSS
LIBRARY
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FIGURE 2 -
Universal Threat Simulation System Architecture
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consistency and correlation for visual and
radar data bases. The end product of this
_program will be a data base production
. system/facility for wvisual and radar
databases. This system will maintain
Standard "Simulator Data Bases (SSDB)} @ for
terrain, culture, models, and texture maps
in the Project 2851 central libraries.
The system will alsc provide a mechanism
whereby externally created databases can
be validated and entered inta the . 35DB
(via the SSDB Interchange Format (SIF)).-
Generic Transformed Data Bases (GTDB} can
be extracted from the SSDB for wuse in
specific training system programs. Figure
4. provides a top level flow for the
Project 2851 data base systen.

This program 1is currently ceompleting
development of- the Project 2851 data base-
production system. Dratft military

standards and handbooks for the SIF and
GTDB have been produced and distributed to

industry. The database system is expected
to be operational in mid 1952. 7
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THE GENERIC PROGRAM STRUCTURE

The government has executed each of these
contracted research and development
programns with the same basic. structure.
Although - each  program has tri-service
support, one branch of the service is
usually resporisible for administering the
program. The programs typically follow
the =schedule shown in Figure 5. Each
program transitions through the same basic
phases; concept development, concept
design, demonstrations/validation and
finally standardization. The key element
that  all of these programs share is a
heavy emphasis toward industry invelvement
in- the standardization process. _The
government has in most cases mandated that
the prime contractor for each progranm
provide industry with a vehicle to provide
constructive technical input into the
design effort and the development of the

standard. This is accomplished primarily
through two methods, subcontracting of
praogram effort and Industry/Service
Working Groups (I/SWG). The latter, in

the form of I/5WG meetings, are prevalent

in all programs and allow industry a
significant voice in the
design/development -of the associated
standard.
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The I/SWG meeting <concept has both
positive and negative aspects. . These
aspects are shown in Figure 6. . With the
exception of the slow . "design ' by
committee" drawback assocliated with the
I/S5WG meetings, +the remainder of the

disadvantages are overcome by the positive
aspects. With +this in mind, one of the
most difficult tasks of the I/SWG is to
arrive at a -consensus decision to resolve

technical issues. Several methods have
been employed including open
debates/discussions, voting on issues, and
the preparation of position papers. The

best method 1is the reguirement for _a
position paper to provide technical inputs
for consideration. This accomplishes
several objectives; 1} It forces the
writexr to .clearly think through a
technical - issue instead of providing an
off-the-cuff input, 2) It eliminates a
great deal of redundant, and in most
cases, circular discussion of an issue
thus . allewing for more effective and
productive meetings, 3) The reguirement to
Wwrite a paper weeds out the people who are
genuinely concarned about an issue from
those who Jjust want to debate, and 4) It
allows for a paper trail of the inputs
which caused the evolution of the design
for future reference.

INTERACTION AMONG THE STANDARDIZATION

PROGRAMS
One  of  the major problems with the
standardization programs ‘is the lack of
coordination and interface between
programs. Each program has its own
regquirements and in most cases is not

reguired to investigate or comply with the

other standard initiatives.

the programs. As shown in Figure 7,
cancept developnent phases

the programs.
determining the impact of future;
undefined,
future” wmanner. For example,
to assertain during the MsDP
development and. initial design phases.
most cases,
fair them in
design.
in scme state of flux. Therefore,
the scope or direction of one
changes all other programs
realign or ignore the change.

attempt to consider

I/ISWG Advantages

I/ISWG Disadvantages

« Industry provides input to the
standard (get a vote in the creation)

* Industry experts provide
. experience to design process

- Differing viewpoints throughout
- Industry avoids biased design

« Industry and vendors aware of

- program direction and are better
- prepared with products when

- standard is enforced

+ Foster a "Team" attitude between
- government and industry

» Design by committee is slow

« Some companies may attempt to
bias design

« Companies not paid to participate
(some voices not heard)

- Companies attend to make an
"appearance" (information
gathering only)

« Company representative always
changing (knowledge base and -
continuity of Y'SWG always in a
flux state)

FIGURE &
I/SWG Comparison
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This is due
in most respects to the relative timing of
the
and
requirements analysis do not align among
This causes difficulty in
as yet
standards on present standards
initiatives except in a "prediction of the
the impact
of UTSS or DIS on the MSDP was difficult
concept

each of the standards programs
is aware of the cther programs and make a
the
However, each program is usually
when
program
must elther
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Ancther probklem among the standardization
programs is redundancy in solving
technical problems which are commen toe the

programs. An example of this 1is the
determination of data units for
interfaces. Oone of the gcals of each

standardization program is to provide a
standard interface for data to ~ the
external _world. Each program has
daveloped this interface and each program
has defined a standard set of data units
for the interfaca. The development and
definition of data representation and data
units was a significant and highly debated
issue in each program. However, in most
cases the units among the programs don’t
This will cause: data conversions
to be performed when more than one of the

. standards is inveoked for a single program.

These data conversions are a needless
waste of valuable computational resources.
As part of a study, a one to one
correlation was conducted between  the MSDP
interfaces and the DIS interfaces. It was
found that almost all data units reguired
some conversion.

In some cases there is a specific _.reason
for the data units to be defined as they
are for a certain program, such as packet
size, data latency, etc., but the
determination of units on several programs
were based on the standard developer’s
initial input.
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The Environment

The 1lack of correlation -of data units
among the programs is of minor importance
when ceompared to how the technical aspects
of the programs will interact when their
associated standards are used together.
What is needed 1is a glcocbal view of the
programs  to determine how the standards
produced by the programs may eventually

interact. . .

If a comparison is made between the real
world and the simulated world, a simple
correlation can be derived as shown in
Figure 8 for a single simulation device.
The simulation can  be abstracted into
three major components in the simulated
world, 1) The control function or
Instructor Operator Station (IOS) in most
simulators can be compared in a simplistic
sense to God who has the power to contrel
the ' environment and anything in_ the
envirenment including the ownship, 2) The

" environment _function which is defined as

anything external +to the ownship, and 3)
The ownship itself which  contains all
ownship parameters specific to .. the
aircraft bpeing simulated. ,One’ concept
behind ecost reductien is to “maximize

reusability by identifying those areas of,

the simulation which - -are generic
(reusable) . and .those areas which are
application specific (non-reusable}. An
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environment simulation could. be considered
reusable for any ownship. The envircnment

simulation can remain constant, whereas
the ownship simulation is application
specific and must be replaced for a

particular application. If thea interfaces
between the three major compeonents
clearly defined and included as part of
the standards, this partitioning would
allow a great deal of. flexibility among
the standards programs.

To align to the common environment concept
a Modular Simulator could be partitioned
as shown in Figure 9. Iin this
configuration an Environment module has
been added to the . current Modular
Simulator standard allocation.
functions internal +to “"the modules have
been reallocated such that the remaining
modules with the exception of the IO0S
module contain only the ownship unigue
functions. The entire environment would
reside in the environment meodule. This
environment would include the tactical
realm of threats and electronic warfare as

well as the natural atmospheric
envirenment.. In this . partitioning the
Modular Simzlator would get the

envircenmental simulation from an internal

environment when in a stand-~alone

are.

The
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. appropriate

. entity states

" modified.

Simulated World

simulation mocde and from the DIS when in a
networked, or mueltiple simulator,
 simulation mode. Also when in the stand-
‘aloné mode the UTSS would be a part of the
Environment module. In the DIF or
networked mode the Enviromment module
would serve  two primary functions. The
first function would be a  translater
between DIS mnessages (PBUGs) _and the

Modular Simulator. . internal

message structure. .The second function
would be to provide those environment
functions not available on the . DIS

-network. Currently the DIS only brovides

and a limited electronic
warfare capability. As DIS Jgrows and
these functions are added then the Mocdular
Simulator Environment module " can be

. An additicnal benefit to this partitiocning

is that changes in the DIS and = UTSS
- standards have been isolated to a s;ng;e
module in the Modular Simulator. The

. interface from the Environment modulé to

the MSDP global bus can be completely
defined and should not be affected " by
changes in the other standards.

To expand the common environment concept
further, an Environment medule could be
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Modular Simulator Environment Concept

added to the DIS network as shown in
Figure 10. In order to demonstrate this,
assume that the DIS would provide the
complete system including. ownships and the
envircnment. In a networked mode each
ownship sinulator would view other
ownships as part of. the environment :and
would receive common envirconmental
information from the DIS - Environment
nodule. The UTSS data base could be added
to the DIS Environment module if a threat
environment was required in addition to
the ownships connected to the DIS network.
Furthermore, standard data bases from
Project 2851 could be stored in the DIS
Environment module to be used in the DIS

exercises. With respect to the use of
Project 2851 two methods could be
employed. The data bases could be shared

and accessed during run time for dynamic
changes to the data base or the data bases
could be copied with copies residing at
each ownship and dynamic - changes
transmitted wvia the DIS netwoxk. The
latter would probably be the most feasible
solution. However, both methods would
require further study to derive a sound
technical solution. ’

This concept does not take into agccount
two issues; the incorporation of existing
simulators into the DIS network, and the

relative fidelity of training devices that

are interacting in the DIS network.’

Marny existing simulators are not
partitioned in the .same manner as  a
Modular -Simulator and do not have a

discrete Environment module to act as the

system = interface. This will  cause a
significant rework to the existing
simulator. -Howsver, in all falrness many
existing = simulators cannot easily

accommodate an interface to UTSS or DIS
without a considerable amount of rework.
Therefore, the common envirenment concept
would not impose any additiocnal rework to
an existing simulator over what is now
recquired to interface to these gsystems.

The relative fidelity issue, simulators of
high and low fidelity operating in the
same training exercise and communicating
with a common environment, is also not
impacted to any greater degree by this

design concept. The relative fidelity
_igsue will probably not be completely
solved by any standards - progran. The
simple  truth is that mnixing devices of

varying fidelity will be a very difficult
if not. impossible task without some. rework
of the devices to allow
fidelities to interact.

maltiple
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What the common environment concept does
provide is the isolation of changs in the
interface between all standards efforts.
All changes in the DIS or UTSS standards
have been isolated to the Environment
module in the Modular Simulator standard.
Changes to the UTS$ or Preject
- standards have likewise been isolated to
the common environment of. . the DIS
- standard.

RECOMMENDATIONS

Based on the data presented in this paper
several recommendations can be made for
changes or considerations for -change in
the various standards programs. This is
not intended to be an exhaustive list but
a starting peint for further analysis of
the interactien and interface among the
various standards programs.

Modular 8j to s Program
To better align with - the team
training/multiple networked simulator

environment .supported by %the DIS standard,
it is . suggested that the: existing Modular
Simulator functions be repartitioned and
new functions be added as reguired to
allow for an Envirconment module. This
would allew for a single point of
connection to a DIS enviromment and a more
flexible design with respect to changes in
both the emerging DIS and UTSS standards.
The ~ remaining - medules should .= be

2851 .
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repartitioned +to reflect only ownship
functicens with the exception .of the I0S5

module which would retain its current
functionality. T
Universal I i tor

The UTSS is still early in its developwment
cycle.  This allows UTSS to make use of
the existing -designs and lessons learned
from MSDP, Project 2851 and DIS to develop
an interface-that is compatible with the
standards produced by these programs and
still meets the unigque requirements of
UTSS. Since UTSS will be dealing with the
same type of entities already defined in
the DIS standard, it is suggested that
UTSS . attempt  to conform to the DIS PDU
structure for entity descriptions and
units wherever possible to allow for an
interface which does not reguire a
significant amount of data transformation.
This would alsc allow UTSS to directly
connect a threat environment teo the DIS
network in a seamless manner.  For the
sake of consistency among standards, UTSS
should also consider wusing the Project
2851 system methodology for +the threat
models and database generation.

pistributed Interactive Simulation

Although the DIS standard has defined the
basic PDUs for the interoperability of
training devices there is still a great
deal of work to be accomplished before DIS
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is a2 complete standard. It is recommended
that DIS consider the environment moduld
concept in its design

akility to interface directly with the

-UTss and Project 2851 standards.

" Projegt 2851

There are no recommenhded changes to the

Project 2851 standard. This standard does
not have a global interface impact to the
other standardization efforts. The
interfaces to _this standard have been
defined and the process of using the

Project 2851 “~system for storage and
validation of existing database
information and generation of databases

for future trainers is established. _The
Project 2851 standard should be invoked as

soon as possible to take advantage of ‘the -

system.

Copmon WG

It is suggested +that as the drarft
standards bhecoma available, - a central
organization should review the standards
for mismatches. - If possible, this
organization should attempt to resolve
digconnects including redundant
specifications and areas where further
specification 1is redquired. such work

promises to provide a well . defined
interface among the standards. This task
could be the effort of the joint or commeon
I/8WG. What is needed is a technically
competent group that has a good technical
working knowledge of each program and can
take an open minded, objective 1look at
each program to ensure that the programs
mesh together.

This I/SWG  could be composed of
individuals from the standardization
prograns, selected members of industry and
the government. .. The wnembers should be
"active" . participants in the existing

I/SWes if possible to provide .an interface
between the commen I/SWGE and the program.
If possible this I/SWG should ke
funded so that the members might consider
their efforts a part of their regular -jobs

I/SWGs.

and not an extracurricular activity.

along with the

3e7

viable
‘standards are produced it is possible to

" producged today -

CONCLUSION

The government and industry efforts to

standardize certain aspectsa of simulation
and training technology will eventually
lead to improved training and simulation
tools. The end result would be improved

operational readiness with less technical

risk and lower training costs. In most
respects the four standardization progtrams
identified in this paper interface gquite
well at their -current state. However,
these programs should be periedically
reviewed to ensure that they continue to
interface with each other ¢to provide
standards. If conflicting

unintentionally increase the techniecal
risks and costs assoclated with future
training systems.

The concepts of a common I/SWG and
development of a common environment should

‘be seriously considered in the creation of

these standards, particularly for the MSDP
and DIS programns. These prograns will

.derive the greataest benefit from a common

- enviromment, particularly the DIs
standard, which deals with combined forces -
operatzons. By incerporating these

emerging technologles into. the standards
it will be possible to
sustain and contime to improve training
technologies within the decreasing defense
budgets of the future.
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