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Preface

This thesis describes the application of Structured Analysis and
Structured Design methodologies to design the software tb simulate a
specialized and complex aircraft simulator. The key to the successful
development of a software design is a complete and understandable re-
quirements definition. Structured Analysis facilitates the building
of a requirements definition that gradually exposes the detail of the
system and is well structured. Using this well-structured requirements
definition and the Structured Design methodology, a software structure
is designed that makes coding, debugging, and modification easier and
faster by reducing complexity.
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o\ Abstract

This thesis contains an analysis of a Visually Coupled Airborne
Systems Simulator (VCASS) and the design of the softwaré for this
system.' The design is developed in three steps. First, an informal
requirements definition is written to establish the viewpoint and the
purpose on which the analyct beses his design. This requirements def-
inition explains why the simulator is to be created and what it is to
do. Second, a top-down strategy called "structured analysis" is applied
to obtain a formal requirements definition. The structured analysis is
presented in a blueprint-type language consisting of activity and data
models. These models represent graphically the functions performed by
the simulator and the information upon which those functions act. Third,
a design is obtained through a structured design methodology consisting
of "transform analysis" and "transaction analysis" techniques. The
structure charts drawn during the analysis phase reveal system character-
istics which illustrate design quality. The activity model is used to
make a successful transition from a top-down analysis to a structured
design which can be evaluated. The resulting simulator design, with
minor revisions, satisfies the design goals established for the project.
The methodologies used are highly recomménded for the analysis and design

of any software system.
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SOFTWARE DESIGN FCR A VISUALLY-COUPLED
ATRBORNE SYSTEMS SIMULATOR (VCASS)

I. Introduction

Background

Because of increasing costs for fuel and aircraft, the Air Force
has been forced to cut the number of flight hours of pilot training in
the aircraft. As planes become more complex, the pilots require more
training to maintain their flying proficiency. The Air Force is,
therefore, faced with the problem of obtaining more training for the
pilots while still keeping the number of actual aircraft training flights
to a minimum,

A present solution is the fixed-based flight simulator, This
simulator utilizes electro-optical devices to project video imagery
(generated from a sensor scan of a terrain board or from computer-
generated imagery) onto a hemispherical dome (or set of large adjacent
CRT displays arranged in optical mosaics). Most types of simulators do
not incorporate infinity optics or provide collimated visual scenes to
the operator. Those which do are large and expensive. The fixed-based
simulator, also, does not allow the flexibility of incorporating other
display design factors, such as different head-up display formats,
variable fields-of-view, representative cockpit visibilities, and op-
tional control and display interfaces.

The visually coupled systems (VCS) is an approach to solving the
visual presentation problems of aircraft simulators. VCS includes a

combination of a helmet-mounted sight (HMS), eye position sensing system




(EPS), and helmet mounted displays (HMD). - It is through the VCS concepts
that the idea of a Visually Coupled Airborne Systems Simulator (VCASS)
came into being.

VCASS is a flexible, visual scene simulator providing synthesized
out-of-the cockpit visual scenes and targets. It is also used to repre-
sent an aircraft whose type, threat, -and weapons dynamics can be altered
with flexibility of control and display configurations. VCASS can be
used to simulate either air-to-ground weapons delivery or air—to-air
engagement scenarios.

A system block diagram of the functional elements required to
accomplish VCASS is shown in Figure 1. The operator utiiizes conven=-
tional control devices (control stick; throttle, rudder‘pedals, &.C.)
as input to a digital computer which provides the manipulation of the

vehicle, threat, and weapon states as a function of preprogrammed dynamic

* characteristics., This input is used to manipulate generated symbology

and imagery in terms of aircraft orientation, scale, target location,

etc. A visual scene (generated by the graphics or sensor imagery

-generators) is selected by the operators line-of-sight orientation, as

measured by the helmet-mounted sight sensors. The helmet display elec-
tronics receives the selected portion of the symbology and sensor informa-
tion and displays the video imaéery to the operator through the helmet
display optics, in the proper orientation within three-dimensional

space. The operator engages electronic targets (either air-to-air or

air-to-ground) and launches electronic weapons. The operator performance

is assessed and recorded for future reference.
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Objectives
This thesis is concerned with designing the software to accomplish

the VCASS project objectives. The software design involves defining the
necessary subsystems, programs or modules, and their interconnections.
In order to devélop the software design, it is first neéessary to define
the functional specifications of the system. When the functional speci-
ﬁ.eat.iona are not well defined, a premature and poorly designed system,
leading to skyrocketing costs, missed schedules, wasﬁe, duplication,
and disgruntled users, often results (Ref 5:2). The primary objective
of this thesis is to avoid such problems. ‘To meet this objective, a
good development technique is required. Structured analysis is such a
technique.

Structured analysis is a comprehensive methodology for performing
functional analysis and design. For this project, only the functional
analysis phase of structured analysis is used. During this phase, the
enphasis is on analyzing and documenting "uha.t“ the system is supposed to
do. Two sets of diagrams result: one describes the system in terms of
activities and the other describes the system in terms of data., These
diagrems are created by decomposing the system into smaller and smaller
pieces. The two sefs of diagrams are cross-checked and sequenced to
provide a model of the system functions., This model provides the base
for the design (Ref 6: 1-1, 1-2).

After the {‘unctional specifications are defined, 1':he software
structure is designed through the application of structured design
techniques., Structured design is a set of general program design con-
siderations and techniques for making coding, debugging and modification
easier, faster, and less expensive (Ref 8:114). It simplifies the

e
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goftware by dividing it into modules in such a way that modules can be

implemented and modified with minimal consideration or effect on the
other parts of the system. A graphical tool, called structured charts,
is used to present the software structured design. The interface be-
tween the modules is given, along with a functional description of each
» module, A

The sponsor of this thesis is the 6570 Aerospace Medical Research
Laboratory (AMRL), located at Wright-Patterson Air Force Base, Ohio.
Their mission has been to optimize the visual interface of crew members
to advanced weapon systems, This mission has been primarily pursued in
two areas: (1) the establishment of control and display engineering
criteria, and (2) the prototyping of advanced concepts of control and
display interfaces. The development of an operational VCASS system

E will bte an important step in fulfilling this mission.

Scope

o o

The purpose of this thesis is to develop a software design that
meets the requirements of the WCASS concept. In addition to the normal
VCASS functions, this software design will allow for a systematic in-

vestigation of display symbology and line graphics representation of s

terrain and target features.
This thesis is limited to the software design of the proposed

system, The hardware or any associated controls are defined only in

terms of the inppt/output interfaces between the helmet sight/display
components, simulator cockpit controls, graphics generators, and any
| interactive keyboard consoles, The resultant ‘design gives a modular

! structure identifying all inputs and outputs. ‘These modules when fully
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coded, should produce a system that will be modifiable, maintainable,
and effective in simulating the VCASS.

Plan of Development
The requirements definition with emphasis on the functional

specifications is discussed in Chapter II. Chapter III presents the

formal functional specifications for the system. These specifications
are in the form of activity and data models. They are the result of

the functional analysis phase of Softech's Structured Analysis and
Design Technique (SADT). Chapter IV presents the software design. The
design is illustrated with structured charts and data flow graphs (bubble
charts) along with the functional descriptions of the modules. A dis-
cussion of the techniques used in the design of the system along with

conclusions and recommendations are contained in Chapter V.




II. Requirements Definition

troduction
The normal life-cycle for a computer software development project

consists of the following seven phases (Ref 2: 5-8): conceptual, re-
quirements definition, design, coding, checkout, testing, and operational.
The phase most often‘underutilized, or even neglected, is the require~
ment definition. A poor requirements definition usually results in
rising costs, missed schedules, waste, duplication, and dissatisfied
users. (Ref 5:2). Neglect in this phase often results in an incomplete
documentation package. This lack of documentation leads to more wastage
when a system has to be "redeveloped" for a modification change.

In this thesis the requirements definition deals with three
interrelated subjects: context analysis, désign constraints, and
functional specifications. The context analysis tells why the VCASS
system is being created; this is discussed in the background section of
Chapter I. The design constraints tell how the VCASS system is to be
constructed; these are discussed in the next section of this chapter.
The functional specifications describe what the system is to do and are
discussed informally in a later section of this chapter and formally in
Chapter III,

Design Constraints
This section is a summary of the conditions specifying how the

VCASS software is to be constructed. No particular hardware, such as
input or output devices, will be specified since these details should

be specified in a later stage of the design (Ref 5:4).




. The four accepted goals of the discipline of software engineering
are modifiability, efficiency,.reliability, and understandability. (Ref 1:92).
These goals were the contraints used in selecting the analysis and design
techniques for the design of the VCASS software. The techniques selected
are SofTech's structured analysis for the formal functional specifications

and Yourdon and Constantine's design method fbr the software design.

Functional Specifications
The system to be designed is to simulate VCASS. It should accept

inputs from an aircraft representative vehicle, whose type, threat, and

weapons dynamics can be altered; it should provide synthesized out-of-the
cockpit instrumentation, visual. scenes, and targets.

The software portion will have two basic modes of operation,

!. Exerciser and Operational. The Exerciser mode allows the user to intefact
with the system to build and modify the formats for the aircraft symbology
displays. During this mode of operation the system will output messages
to the user in response to the options and parameters entered. These
symbology displays are then used under the Operational mode to evaluate

the pilots perceptibility. The software design for the Exerciser mode
of operation is not contained in this thesis but is being designed as a
separate subsystem called the Symbology Exerciserlof the VCASS simulator.
The design of the Symbology Exerciser can be found in Ref 9, This thesis

defines the interface between the Symbology Exerciser and the VCASS simulator.
In the Operational mode, the system functions as an aircraft
simulator. Flight control and target inputs will be processed, according

| to pre-set parameters, to update'aircraft instruments, symbology displays,

S

! and background imagery, There are four main functions that will be




g

performed in this mode. They are (1) process configuration parameters,
(2) produce the plant dynamics, (3) up;late the aircraft displays, and
(4) perform operational recording, The first function is an initializa-
tion step only, while the next three functions are continuously repeated
in a "real-time" environment. A brief description of each of these
functions follows.

Process Configuration Parameters. When the system is put into the
Operational mode a message is output to the user requesting configura-

tion parameters. The user then interacts with the system by supplying
the required parameters for system options, vehicles, weapons, cockpit,
target, environment, and display formats. The user can choose to enter
all parameters or only a partial set of parameters. System default
parameters are used for all parameters undécla.red by the user,

A frequent user of the system will not have to be prompted by
the system for the parameters, the system will allow the user to input
a command and the parameters at the same time, The system will also
be capable of obtaining the parameters from a specified storage device.

Configuration parameters are such things as aircraft type and
characteristics, weapons available and quantities, weather conditions,
and target characteristics. These parameters are used to update and

produce the plant dynamics and simulation displays (aircraft instruments,

symbology displays, background imagery, etc.).

Produce Plant Dynamics. After the configuration parameters have been

processed, the system enters a "real-time" state and concurrently per-

forms the functions !'Produce Plant Dyanmics'. and 'Update Aircraft Displays'.

The information generated by 'Produce Plant Dynamics' is used by 'Update

Ee

-,
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Adrcraft Displays' to make-up and update the displays. During this
"real-time" state, the system processes both discrete and non-discrete
inputs. Some of the discrete inputs are vehicle initialization, weapons
mode selection, target mode selection, and visually-coupled sight (VCS)
control inputs. The non-discrete inputs must be periodically queried to
obtain the latest information. Some of these inputs are vehicle control,
weapons mode, target mode, and head-mounted-sight (HMS) attitude and
position inputs.

The function 'Produce Plant Dynamics! uses both discrete and non-
discrete inputs to manipulate the vehicle, weapons, and target states.
The updated state variables are then used to compute andAto evaluate the
attack performance. A description of the plant dynamics and the attack
performance follows. .

1. Vehicle Dynamics. The vehicle position, angles and wvelocity

" are initially entered. Vehicle flight control inputs, such as stick,

rudder, and throttle, are then used to compute and update the appropriate
vehicle state variables.

2. Weapong Dynamics. The aircraft weapons are activated through
one of three modes specified by the operator. The modes are gun, air-air
missile, and air-ground. When any of these modes are activated, the
aircraft and its associated weapons are setup for release. This setup
includes checking the weapons, activating the sights, and determining the
lead angles.

3. Target Dynamics. There are three types of targets:- canned,
semi-smart, and smart. The canned target flight path is based upon a
pre-programmed table-lookup, The flight path of the semi-smart target
is obtained from a pre-programmed table based upon the attacking vehicles

10




maneuvers., The smart target is maneuvered by a computer algorithm
which is based upon the state of the vehicle and the state of the target.

4. Attack Performance., The two types of scenario to be evaluated
are air-air and air-ground. The scenario is determined .by the weapons 3
mode. The weapon trajectory and probability of a hit, which are used
to evaluate the air-air scenario, are computed using the position, ?
angles, and rate of the aircraft and target. The weapons drag coefficients

are also included in this computation.

To evaluate the air-ground scenario the accuracy of the simulated
air-to-ground weapons delivery is determined. The known characteristics
of the weapons motion and the weapons release point, are used to compute
the impact point, This impact point is compared with the known target
location to compute a miss distance and angle.

Update Aircraft Displays. The plant dynamics and simulation specific
inputs are used to update the cockpit instruments and aircraft displays.

The cockpit instruments are similar to the instruments found in an
aircraft cockpit and are updated from the respective vehicle state varia-
bles. These instruments include the fuel gauge, magnetic compass, airspeed
indicator, altimeter and power indicator.

The aircraft displays consist of three different types of hardware
display devices, each requiring its independent software package. They
are (1) the helmet mounted display (HMD), (2) the panel display, and
(3) the heads-up display (HUD). The panel and the HMD, display a field-
of-view portion of the outside world display, presenting the proper
orientation within a three-dimensic'mal space. The HMD and the panel

display are different in that the HMD is oriented with respect to the
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operator line-of-sight, while the panel display is oriented with respect
to the aircraft heading. . |

The displays that can be output on the HMD and the panel display
are the flight simulated display (FSD), the simulated HUD display, the
vehicle velocity hemispherical display (VVHD), the terrain portrayal
display, the background-environment display, the target, and the weapons
envelope. In addition to the above displays, the HMD also displays the
tables and menus. A description of these displays follows.

Since the HUD display can be simulated on the HMD and panel display,
the description of the HUD is the same as the description for the simu-
lated HUD in the FSD/simulated HUD description below.

1. FsSD/Simulated HUD. Figure 2 illustrates a typical format of
the FSD or the simulated HUD display. Some of the information shown in

the FSD and in the simulated HUD display are altitude, heading, airspeed,

X XX . HEADING
fod g e
20 = p— 1000
——_ AIRCRAFT REAL b
HORIZON HORIZON
— ; . ——
10 — - — -— P 500

0 —  AIRSPEED ALTITUDE L__ o

XXXX PITCH/ROLL XXXX
- LADDER

A
N

Figure 2. FSD/Simulated HUD Displays
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i pitch, roll, aircraft horizon, and the real horizon. The FSD and simulated
; HUD do not always display the same :Lnf;:mation or have the same format.
i Both give a graphic representation of the aircraft state, but the HUD
changes according to the flight mode while the FSD does not. The flight
modes are takeoff, enroute, landing and attack,

2. Yehicle Velocity Hemispherical Display SVVHD). Figure 3
illustrates a typical format of the VVHD display. The simulated
horizon lines depict the horizon of the real earth. The converging
dashed lines move toward the operator as a function of the vehicle
velocity. The amount of convergence or divergence of these lines is a
function of the vehicle altitude. This display orients the operator
with respect to the vehicle altitude, ground speed, and heading.
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i Figure 3. Vehicle Velocity Hemispherical Display (VVHD)
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operator of the vehicle attitude and altitude changes.,

3. Terrain Portrayal. The terrain portrayal is a grsphical

representation of the earth. This representation is presented as a set
of different grid patterns. The particular pattern displayed is a func-

tion of the vehicle altitude. This display acts as a reminder to the

4. Background and Environment. The bé.ckground and environment
is a graphical simulation of the world outside the cockpit. It contains ?

graphical features such as mountains, rivers, runways and buildings.

5. Target. The target display is a graphical representation of
an aircraft. The target motion is derived from a series of table look-
ups, an algorithm, or a combination of both.

6. Weapon Envelopes. The weapons envelope is a graphical repre-
sentation of the effective radius of the weapon. This display is used by
the pilot to tell when a target is within effective range of the selectéd
weapon,

7. Iable and Menu. The table and menu displays give the operator
the opportunity to select different HMD displays. It also allows the
operator to enter, delete, or change system data while in the Operational

mode. For example, the FLY-TO-POINTS menu display would be used to

enter ‘the coordinates of flight destination points.

Operational Recording. A history of all inputs, outputs, and selected
variables is maintained on a recording device. The recording contains
such information as hardware errors, operator errors, terminal responses,
computed plant dynamics, attack performance, simulation specific inputs,
and plant specific inputs. It will be used td evaluate the pilot and

access his reactions to various stimuli.
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Summary .
Chapter I presented the context. analysis of the problem which forms

R R e

a perspective from which to view the overall problem, This chapter

i o R, a1

presented the constraints for the problem solution and the informal

4 | functional specifications. The design constraints are imposed by the
desired design goals. Analysis and design techniques are selected so
the design meets these goals. The informal functional specifications
b in this chapter form the basis for the construction of SADT activity and

data models in the next chapter.
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III. Formal Functional Specifications

Introduction

The formal functional specifications of the system are developed
using the functional analysis phase of Softech Structured Analysis and
.Design Technique (SADT). The emphasis is on é.nalyzing and documenting
"what" the system is supposed to do. Two sets of diaéra.ms result: one
type describes the system in terms of activities and the other type
describes the system in terms of data., These diagrams are created by
decomposing the system into smaller and si- .er sections. The two sets
of diagrams are cross-checked for consistency to provide a model of the
system functions, which makeup the formal functional specifications.
These diagrams represent the conceptual ideas conveyed by the function
specifications, which were discussed in Chapter II. &

The activity and data models are presented in this chapter and are
organized as a sequence of diagrams with the supporting text. The
activity model is presented first followed by the data model. Before
reading the activity or data diagrams, scan the corresponding "node
index", which serves as a table of contents. This index gives an over-
view of the decomposition structure.

A brief discussion of how to read structured analysis diagrams

can be found in Appendix A.
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ctivity Model

Title

Simulate VCASS
Simulate VCASS
Process User Commands

Get Valid Command
Configure System

Give Terminal Response

Output Operational Recording
Produce Plant Dynamics
Process Inputs
Compute Vehicle Plant Dynamics
Compute Target Plant Dynamics
Control Semi-Smart Mode
Control Smart Mode

Compute Weapons Plant Dynamics
Compute Attack Performance
Output Operational Recording
Update Aircraft Displays
Process Inputs

Update Symbology Displays
Format Inputs

Makeup Table/Menu

Makeup HMD
Makeup HUD Display (HMD)
Makeup HUD

Makeup Panel Displays

Makeup HUD Display (panel)
Update Imagery Displays
Output Displays

Output Operational Recording -
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