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INCREASED READINESS THROUGH MODULARITY

Frederic W. Snyder
Military Tralning Systems
Systems Engineering
Boeing Military Airplane Company
Wichita, Kansas

ABSTRACT

A current DOD thrust to develop and apply modularily approaches, tools and standards to training simulator development

. and acquisition Is expected to yield benefits in reduced cost and acguisition time, as well as improved supportability.
Top-down functiohal design of stand alone madules and well-defined imterfaces will enhance simulater system deslgns. This
paper examines the effects and benefits of modularity which are expected to increase readiness through earlier trainer

availability dates and increased supportability. The derivative effect of modularily appears to provide new options that can

operate to support increased defense readiness.
INTRODUCTION

The U.S. Government has recently launched a modular simuiator

.design development program. The present effort focuses on aircrew
training simulators. Several factors and considerations appear to have

influenced this initiative.

DEFINITION OF TERMS

Modular simulator design, or modularization, is defined as the

organization of subsysiem/hardware/software components i'niB'":”’

Emphasis on ground-based fraining for the full military aircrew .

complement has led to the development of complex training systems.

‘In “turn, technical and management challenges for procurement

agencles, and the simulation industry have resuited, such as:
®  Trainers cost more than expected

*  Trainers take longer to develop than expected

e Trainer supportability doées not meet expectations

Seeking ways to meet these challenges and in light of the success
of the Air Force's Modular Autamatic Test Equipment (MATE)
program, & government decision was made to investigate the
advaniages of modularizing simulators starting with alrerew trainers.
DOD procures, aperates and supports a large number and a wide
variety of training equipment and could conceivably benefit from the
establishment of modularity standards. Envisioned.is a program

conceptually similar to the current MATE program. Potential benefils '

inciude:
&  Reduced cost
¢  Reduced development time
& [mproved supportability
# Improved modification capability

If these benefits are realized with the eventual development and
application of modular simulater design standards across industry,
then it appears ilikely that another important benefit wil
result—defense readiness wiil be increased.

As an example, in a related program the. readiness benefit
envisioned by the contracior respeonsible for the MATE program was
that the defense misslon is beiter fulfilled through:

e  Simpler skils and training because of computer-simplified test

procegures, common hardware, procedures, and documentation

®  Reduction of false rejects
& Eliminating unneccessary troubleshooting
These benefits are for MATE bul do indicate general readiness

improvernent potentiai for application of medular principles to
simulator development.

standard units. This involves breaking the flight simulator package
down into cohesive blocks {modules) of equipment or software with
standards for control of design and acquisition of the modules. Using
this approach, any number of modules ¢an be readily integrated to
form a new simulator, thereby using known hardware and software
with performance results predictable in advance.

Feadiness is a complex term and implies different things under
different conditions. For our present purpose, readiness Is defined as
the state of being prepared and able to do the assigned mission
without serious limitations. That Is, whatever the organizational level
or military service, the eguipment is ready, the crews are trained and
the logistics support is available. There are states of readiness such
as “day-to-day” readiness and “crews sitting on the runway.” There
are levels of readiness such as employed by SAC. But what we
‘basically mean by readiness is “ready and able.”

ANALYSIS OF MODULARIZATION BENEFITS

What usually motivates investment of time, energy, or money is the
potential payoff. We can better visualize this payoif for the eventual
application of the modular simulator design_approach as shown in
Figure 1. That such benefits can be realized from using the’
modularization approach is supporied by the relative benefits

achleved from modularization in an Automatic Test Equipment (ATE}

praduct line, as shown in Figure 2.

M = MODULAR ACROSS INDUSTRY .
M = NOT MODULAR
M i M ] M ] '
cosT DEV TIME SUPPORT MODIFICATION
QIFFIGULTY DIFFICULTY

Figure 1 Relative Benefits of Modular Simulator
Design Approach Application (Conceptual)

The favorable influence. that modularization of training simulators
could have on readiness is shown in Figure 3. However, modular
simufator design does not automatically buy improved readiness. To
realize such improvements will require some consideration for factors
that link potential modularity benefits with readiness improvements.
This consideration will involve both the government and industry. To

-illustrate:- The involvements and benefits expected from the MATE
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Figure 3 Modular Simulator Benefits Lead to Options
Having Potential Impact on Readiness

program is exemplified in a 1980 AIAA paper by WPAFB logisticians,
Lt Col. Byrne and Capt. Allen, where they, in part, canciude:

“MATE can make affordable automatic testing a realliy for the
Air Force and offers numerous collateral benefits. However,
standardization, especially during this transition, will not come
easily,"

These authors enumerate many expecled benefits from the point of
vlew of govermmeent and commercial developers, the military user, and
the logistics supporter. In order to see the origin and sequence of the

development of benefit options better, we will next look at one -

approach to the modular simulator design concept development
program.

MODULAR . SIMULATOR DESIGN. APPROACH

This approach employs a disciplined systems engineering structure
to take full advantage of the value of this process as a means of
providing an unbiased, logical framework for congucting the madular
simulator design concept definition (Figure 4). The approach is
divided into five broad functional areas (Figure 8
¢ Design concept definition
¢  Design concept application
*  impact definition
*  Implementation planning
¢  Concept documentation
Cesign Concept Definition

The concept definition begins with a tap-down functional analysis

that considers. existing functional -groupings, identifies operational
performance requirements and determines the specific capabilities

needed to satisfy the functional requirements. The output,
fepresenting an aircrew simulator functional analysis, fs utilized to
formuiate the preliminary modularity concept in concert with the initial
module selection criteria. Special emphass is placed on the resolution
of hardware/software . module levels that meet the functional
performancs requirements yet minimize any effacts of modularity on

- technological innovation and development.

Design Concept Application

The preliminary module seleciion criterla, developed during design
concept definition, Is applled to. selected Weapon System Trainer
(WST) programs to provide additional design insights and validation
opportunities, The physical and functional interface definition is
explored in terms of establishing a concept that will standardize and
simplify both the physical and functional aspects of a moduiar design.

~The preliminary output is tested by further application of these

concepts to the selected WST. In addition, an existing set of physical
functional interface criteria, developed in suppart of ongeing company
madulanity research and development programs, serves to further
refine the candidate approaches for an industry-wide application.

Impact Definition

During impact definition, the impact on module testing/qualification.
Higher Order Language (HOL), logistics, afrcraft equipment and
existing simulator modularity elfemerts are assessed. Knowledge of
military systemns and proven logistics models are applied toward an
objective evaluation of the modularity impacts. This approach to
module testing and qualification is refined through development of a
list of requirements based on the final selection criteria and the
selected interface approach. Development of implementation fools

- parallels this activily. The output is a plan that clearly defines the path

fo module quatification. An assessment of the interrelationships
between the modularity concept and related support elements is
conducted with impacts being defined and quantified in terms of cost,

“availability and manpower. Additionai impact assessments are

conducted relative to the use of HOL and Ada languages on military

“simulators. Cost data generated in the preceding areas is used to

assess the impact of the modularity concept on airgraft equipment and
the resuits quantified in terms of capabilities which may be built into
aircraft systems to support simulator madularity as well as any impact
on acquisition and life cycle costs.

Implementation Planning

Recognizing that the success of the simulator modularity concept is
dependent an an effective and appropriate management system,
plarning is developed that establishes a viable schedule for
phase-infout of simulator modules/standards, the required
management structure and modularity tools. Close coordination with
the govemnment Is imperative in this process. Implementation costs
are developed using proven cost estimating methods for
development, production, and operations and support elements. A
follow-an phase plan is to be developed to provide for the redesign of
an existing simulator, testing/qualifications of the resulting modules,
integration of modules into a training system and validation of the

- moduiarization tool system performance.

Concept Dacumentation

As the final action, a technical report is prepared which wil! present
a complete and comprehensive dacumentation of the madularity
approach. This report includes stalement of work and associated
specifications as well as the procedures, processes and rationale
used it conducting a follow-on study.

ANALYSIS OF AIRCREW TRAINING SIMULATOR FUNCTIONS

System engineering techniques ang procedures are used to
conhduct a top-down functional analysis of aircrew training simulators.
Existing functional grouping concepts used in ali levels of training
devices are considered during this analysis, However, these grouping
and module concepts are not considered as constraints on ihe
functional analysis. For example, Flgure 6 illustrates two potential
modularlly approaches to a given aitcraft muttifunction . training
application.
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Figure 4 An Approach to the Modular Simulator Design Concept Development Program
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The first approach Is represeniative of current training simulation
technalagy: In this approach major system modules perform common
simulation tasks across all simulated aircraft functions. Gomputational
processing .and hardware/software interface equipment are treated as
major system modules. Individual software and hardware medules at
a lower level simulaie the aircraft/system functions.

An altemative approach might involve modularization by
aircraft/system function. In this approach, all necessary processing
hardware and software, interface and control/display capability for a
particular subsystem would be contained within a given function
module. In this case, it would be exiremely important to identify and
specify a flexible, comimon interface to communicate between system
modules. In current applications, visual, DRLMS and motion systems
lend themselves well to madularization at this level. Extension of this
type of function/module allocation to cther training subsystems such
as instructional, environmental and aircraft -systems simulation are
considered.

Operational periormance requirements for military training
simulators are idenfified, including the support reguirements
necessary to maintain the operational capability of these systems.
Operational constraints are also defined. This analysis determines
how each. function is performed and considers feasible alternate
combinaticns.

Capabilities required to satisfy identified functional reguirements
are determined by:

e Examining each system function lo determine the kinds of
capabiliies needed to meet training simulator petformance
requirements.

e  Exploring possible combinations of functions which provide the
required performance capability, while simplifying the interface
complexity.

Potential modules and functional groups of modules are then
allocated to the identified functlons and required capabilities. A similar
process was followed in using MATE guides to simplify interfaces as

. those shown in Figure 7.
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CANDIDATE MODULE -GROUPING

Candidate groupings of potential modules are prepared from the
aircrew simulator funciional analysls previously discussed. These
candidate groupings, taken from a cross section of simulation and
aireraft industries are decumented in terms of functional capability and
interface descriptions. Examples of the results of such groupings are
shown in Figure 8 for a flight crew trainer. Development of the
candidate groupings goes hand-in-hand with development of the
candidate levels discussed in the subseguent section.

Sensor simulation sysiems, such as visual Computer Image
Generation (CIG) and Digital Radar Land Mass Simulaticn (DRLMS)
systems, provide good examples of potential' candidate modules.

Sensor simulations incorporate Digital Data Bases (DDBs) which
provide a processor-compatibie earth topography medel 1o be used in
generation of simulated visual/sensor imagery. Historically these
DDBs have been guite different between suppliers and even between
the individual sensor simulation types of a particular contract. This has
been due primarily to the fact that DDBs were a result and noi a
requirement of the sensor simulation design process.

Improvements to digital processing state-of-the-art have removed -

many of the constraints on sensor simulation processing, raising the
possibility that the DDB could become the standard component or

madule around which new CIG, DRIMS and other sensors ate |

designed. Figure 9 shows a potential approach whereby an integrated
daia base generation/support system could-be employed to support a
number of sensor simulations.

A modularity approach whereby the DDB Is considered a standard
“module” may provide both training fidelity and-supportability benefits.
Since the DDBs for these simulations provide reakworld terrain
references and singe multiple sensor sirulations may be active
simulataneously, this approach would provide a high degree of
correlation between the Individual simulations. Additionally, the
necessity to create, maintain and support a number of separate DDBs

“would be reduced or eliminated.

In this example, it is important to note that any standardization of the

DDE would have to be carefully applied to: data base content and
format and not o specific media. Advancements in laser-optical,
bubble memory, and other high density bulk memories would quickly
cause the obsolescence of any media standardization. Sensor
simulation systems present other possihilities for maodularity beyond
the DDB since processing -subsystems such as ling-of-sight,
coordinate transformation, data retrieval and memory management
subsystems perform largely the same function regardiess of
applicatior.

MODULAR LEVEL DEFINITION

Development of the candidate levels Is an iterative process which is
initizlly derived from the top-déwn CWBS examination of the typical
trainers in conjunction with the funclional analysis of the natural
interface groupings. However, the ultimate definition of the modutarity
levels comes concurrently with the definition of the modules
themselves through repeated refinement and application of the
module selection criteria. Two considerations in level selection
discussed here are: (1} future industry innovation impact and (2)
module complexity.

Innovation' Impact

The interplay between a specific- modularization concept and future
technoelogical innovation is a subject requiring special emphasis and
insight. In most areas of technology the simulator industry uses the
latest "state-oi-the-art” techniques and will probably continue 1 do
s0; however, the industry is not generally in itself a significant
technology driver. The only major exception is that of sensor system
(visual/digital radar jandmass simulation) in which new fechniques
such as laser scanners are under development. If modularity is
standardized incorrectly, ihe ability of industry to use state-of-the-art
innovations will be inhibited: Ideally, from an innovation viewpoint, the
modular simulator design concept should standardize interfaces but
atlow total freedom of design within the module. If the standardization
dictates the internal design of the ERU, innovation flexibility is lost. It
appears that the most important level(s) at which to-apply the
innovaiion freedom is a combination of the system level and the ERU
level.
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Figure 9 Data Base Driven Sensor Simulation Example

Module Complexity

Module lavels are also resolved in light of both hardware and
software complexity needed to meet the functional petformance
requirements. For exampie, if trainer A requires only 50 percent of the
performance capability of trainer B in a particular madule or madule

. grouping, does trainer A pay the overhead of carrying the additional
capability for the sake of standardization or go to the nexi lower level
and still select standard moduies to provide the required level of
capahility? An example of software levels is provided in Figure 10,
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Figure 10 Example of Computer Program Modularity Leveis

OTHER MODULE DEVELOPMENT CONSIDERATIONS

The purpose of this paper and space/time limitations do not allow a
fulf description of the process of development of the modular simulator
design approach. However, this approach includes:

&  An industry survey

Implermnentation tools definition

Module selection criteria development and use

Modular design concept applications

Logistics considerations

Development and validation of medular simulator design “tools™

Now that we have reviewed an approach o the development, and fo

some exient, the appilication of modular simulator design concepts, -

we have a better foundation to visualize how modularizatlon benefiis
can be linked to readiness.

ANALYSIS OF MODULARITY/READINESS RELATED BENEFITS

Some modular simulator design application benefits may well
provide fallout readiness benefits without specific plans, decisions, or
actions. We can be satisfied with that, or we can thoroughly analyze
all patential links between modularization and readiness benefits and
plan to enhance the value of simulator modularization benefits that
improve readiness. The key is to recognize the improved (or
increased) decision-making options in working alternatives. For

example, in Figure 3 if the sought benefit of reduced cost is realized, -

this Jeads to an "available funds” option. These would be government
funds that could, by decision, be left unused or used for any other
purpose within the flscal constraints. In this case, the only way ta
enhance readiness is to reallocats saved funds to a readiness cause.
A second example from Figure 3 is the earlier delivery of training
simulator option which is possible when development time of a
simulator is reduced through modularization. If this henefit is expected
and the decislon is made to start the training simulator development
{afer, by the number of months saved, then of course the modularized
simulator trainer would be delivered at the same time as the
unmodularized simulator trainer, and there would be no beneficial
impact on readiness from that modularization benefit. The peint is,
that only if the appropriate decision-makers-are aware that such
aptions exist and that there is a plan in effect that states a requirement

. to weigh such factors in thelr declsion-making consideration, will some

petential  readiness benefits be able 1o be
modularization.

realized -from

On the whole the derivative effects of modularity appears to provide
new options that can (or can be made to) operate to support increased
defense readiness.
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