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p Preface

There has been an increased awareness of the high life

cycle costs of computer software . To reduce this cost , more

time and effort is being spent establishing a good design

rather than one which does not satisfy the desired goals.

I have attempted to arrive at a good design by applying

the techniques I learned in a software engineering course.

These techniques are not the only ones available and a good

design may have been attained by other methods .

I have assumed that the readers of this thesis have

some knowledge of computer software . Also assumed is a

knowledge of graphic display terminology .

P For his assis tance , guidance , and encouragement, I w~.sh

to express my thanks to my thesis advisor , Dr . Larry Crum.

For his aid in determining the functional requirements of

the Symbology Exerciser , I thank Dean Kocian . For their

many hours of assistance and their understanding ~~ my moods ,

my late hours , and my busy weekends , I especially thank my

wife , Louise , arid son , Randy .

Hollace H. Warner
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Abstr ct

~~~; The Visually-Coupled Airborne Systems Simulator (VCASS)

is being developed by the Aerospace Medical Research Labor-

atory to aid in lowering the cost and increasing the per-

formance of aircraft simulators. An important prerequisite

for the VCASS disp lay development is a symbology exerciser

that will allow the display presentation designer to rapidly

and accurately design new display formats to be tested for

the VCASS system .

The Symbology Exerciser development was begun by first ‘

doing a requirements analysis to establish the functions of

the software. The analysis was performed by using a graph-

ical technique which relates the activities and the input ,

output , and control data . Once the functional requirements

were established , the data required by a visual display was

analyzed in preparation for the software design .

Finally, a structured design technique was applied to

produce a software design which has high cohesion and low

coupling. The design is presented by using structure charts,

input/output lists , and module descriptions . ~

I
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DEVELOPMENT OF A SYMBOLOGY EX ERCI SER FOR

DISPLAY GENERATION AND ANALYSIS ~~
THE VISUALLY-COUPLED AIRBORNE SYSTEMS SIMULATER (VCASS)

I. Introduction

Background (Ref 9)

Problem. A mission of the Aerospace Medical Research

Laboratory (M~!RL) is to optimize the visual interface of

crew members to advanced weapon systems . With the advent

of advanced digital avionics systems , the control/disp lay

design decisions are further complicated . Therefore , a

real need for human engineering design .~riteria exists to

establish the image quality characteristics , information

formatting , and interface dynamics which optimize the oper-

ator interface with these advanced systems .

The process of establishing practical design criteria

with the number of options which are available is a labor-

ious and time consuming task. Certainly flight testing is

very expensive and does not allow replication . Therefore ,

groundbased visual simulation is the only realistic

alternative .

Most existing visual scene simulators utilize electro-

optical devices which project visual imagery (generated

from a sensor scan of a terrain board) onto a hemispherical

1
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dome . These simu]ators have many l imi ta t ions. Among them

is the limitation that most existing techniques are very

expensive and do not allow the flexibility of incorporating

other display design factors such as different head-up dis-

play image formats or optional Visually-Coupled Systems (VCS)

control display interfaces.

The cost of these visual simulators can be reduced and

the performance can be increased by reducing the size and

complexity of the display systems . One approach to this

problem is to replace the disp lay with the visually-coupled

systems hardware consisting of helmet-mounted sights and

displays. The Visually-Coup led Airborne Systems Simulator

(VCASS) is being designed to accomplish this replacement.

VCASS Concep t. VCASS utilizes a display system which

projects a virtual image from the operator ’s helmet into

the operator ’s field of view . The instantaneous portion of

the image or symbology is selected in accordance with the -

head orientation as measured by the helmet-mounted sight .

Thus, the hemisphere of visual information which is presen-

ted to the operator depends upon where he is looking . This

requires that only the selected portion of the scene be

generated .

The functional elements utilized for VCASS are shown

in Fig . 1. The operator uses typical control devices (con-

trol stick , throttle , rudder pedals a etc.) as input to the

digital computer . The computer provides the manipulation

of the vehicle , weapon and threat states as a function of

2
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preprogrammed dynamic characteristics. This information is

then used to manipulate synthesized symbology and imagery

as a function of the plant site.

Scope

VCASS presents an entirely new set of human factors

problems for the operator display interface. A satisfac-

tory set of display syrnbology must be designed to unambig-

uously represent system status during the simulation . An

important prerequisite for the VCASS display development is

to design a symbology exerciser that will allow the display

presentation designer to repidly and accurately design new

display formats to be tested for the VCASS system . The

purpose of the thesis study project will be to design the

Symbology Exerciser.

Obj ectives

The main objective of this thesis is to develop a

design for the Symbology Exerciser which meets the follow-

ing four fundamental goals for a software design: modifi-

ability, efficiency , reliability, and understandability

(Ref 17:1). These goals cannot be attained by utilizing

haphazard design practices. Instead , a more disciplined

and integrated approach to software development must be

taken.

The software development life cycle can be broken down

( into the following six phases (Ref 13):

1. System Requirements

4



2. Software Requirements Definition

3. Design

4. Code/Debug

5. Test/Integration

6. Operations/Maintenance

The development of the Symbology Exerciser will follow

this life cycle

1. Perform requirements analysis for the Symbology

Exerciser .

2. Design the software such that it will permit the

display presentation to operate in a real-time

mode and display dynamically the change in state

of aircraft and VCS control/output parameters.

3. As time permits , implement the software for this

design beginning with the basic displays and

adding ~dditional capabilities.

Approach

From current experiences , the relative cost of correct-

ing software errors increases dramatically as development

proceeds to latter phases . Therefore , it is beneficial to

invest effort toward finding requirements errors early and

correcting them . The ratio of savings may be 1 manhour to

100 manhours.(Ref 2:5-6). Therefore , 30% to 40% of the

software development time should be devoted to requirements

analysis and design (Ref 14).

The first step will be to determine the functional

5
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specifications of the Symbology Exerciser , these will  be

presented in Chapter II. Once these functions have been

determined , the specifications should be further analyzed

to check for the interactions and problems which have been

overlookd. A system developed by Softech Inc. called

“Structured Analysis” -(SA) (Ref 18 and 19) is a non-

computerized method of graphically representing the func-

tional specifications . Chapter III will contain the SA

for the Symbology Exerciser .

Once the functions have been specified , the data can

be examined. In some instances , the way the data should be

used or must be used will affect the design . Chapter IV

will contain an examination of how the data may be utilized

and how it may be handled.

Only after the requirements have been defined and are

clearly understood can the design begin . The design step

must also strive to achieve the aforementioned four goals

for a software design . One method of systematically de-

signing a program is through the use of “Structured Design”

(Ref 21). The structured design of the Symbology Exerciser

appears in Chapter V.

6
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II. Requirements Definition

Introduc t ion

A software requirements definition is a description of

what the software system must do--not how . It is more than

a specification of performance requirements ; it is a devel-

opment of a complete , consistent , unambiguous specification

(Ref 13). It is essential to establish all the requirements

at this time , otherwise any changes will cause additional

work , time , and expense . Likewise , any errors in the

requirements definition probably will not be caught until

acceptance testing , causing more work , time , and expense to

fix them .

This chapter will discuss the requirements which

affect the development of the Syinbology Exerciser . The

environment of the software system places requirements on

the software through the restrictions of the specified

hardware and system software . A section on the environ-

ment will be included which describes some of the hardware

and system software which may have an influence on the

Symbology Exerciser . The functions of the Symbology Exer-

ciser will then be described.

Environment

Computer. The Symbology Exerciser will be implemented

on one of several Digital Equipment Corporation (DEC) PDP-

11 minicomputers which composes VCASS. The PDP-l l will

utilize the RSX-llM operating system . This executive

7
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includes the code that controls the multiprogramming envi-

ronment, performs task checkpointing and power fail restart ,

handles system traps , handles device communications , and

supports the memory managemen t uni t .  This system supports

assembly language (MACRO) and FORTRA N IV PLUS programs .

Display. The display to be utilized for the pic ture

presentation will be the Picture System 2 (PS2) by Evans

and Sutherland Computer Corporation . This system is a micro-

programmed , general purpose , interactive computer graphics

system which can display smoothly-moving pictures of two- or

three-dimensional objects. The basic hardware processing

components of the system are a picture processor , a picture

memory , and a pic ture generator . In addition , it suppor ts

several types of interactive devices such as a data tablet ,

control dials , function switches and lights , and an alpha-

numeric keyboard . Any one or all can be used for man-

machine communication .

The PS2 has the capability to draw images with three-

dimensional data as well as two-dimensional data. However ,

the three-dimensional data does have the restriction that
- 

it is assumed that the line of sight is parallel to the

Z-axis . The images may be drawn in color . They may be

drawn with various line texture or they may be drawn with

the intensity or brightness of lines appearing to trail off

in the distance , producing an illusion of depth .

The PS2 is controlled by a host computer which , in

this case , is the PDP-ll. It is the responsibility of the

8
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host computer to generate commands to the PS2 , which in

turn , produces the desired picture . It is also responsible

for containing the data base describing the object(s) to be

viewed.

The PS2 can be controlled directly by using assembly

language programming and the system I/O commands as

described in the PS2/PDP-ll Ref Manual (Ref 11). It can

also be controlled by using FORTRAN IV and the Picture Sys-

tem 2 Graphics Software Package. These are FORTRAN callable

routines which perform general purpose graphics functions.

The host computer communicates with the display system

through a data bus by direct I/O , DMA or interrupt. The

picture processor takes the data and performs two- or three-

dimensional transformations , clips the data at the bound-

aries of the six-sided window , performs a perspective divi-

sion, performs a viewpoint mapping , and outputs the data

for subsequent display . The picture processor performs

these operations with the aid of a Matrix Arithmetic Pro-

cessor (MAP). This unit operates on a stack of 4x4 matrices

which can be concatenated to form a combined transformation

matrix. This transformation matrix is then used to operate

on the object data to produce the display commands . Thus

the transformations are sent followed by the object descrip-

tion. The operations of the PS2 can be performed concur-

rently with the host computer .

The display commands are then stored in the picture

memory . This memory is independent of the host computer ’s

9
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memory .

The picture generator takes the instructions from the

picture memory and converts the data into analog signals

which are used to draw the image on the display . Concur-

rent with the operation of the host computer and the pic-

ture processor , the picture generator continually refreshes

the image on the display until instructed to draw another

image.

VCS Components. The visually-coupled components

include the helmet-mounted display and the helmet-mounted

sight. These components may be included in the exerciser ’s

environment in the future.

The display designer can be presented a display on the

helmet-mounted display . To interact with the exerciser ,

the head position of the designer is monitored with the

helmet-mounted sight and a tracking cross is displayed to

indicate the line of sight relative to the display image .

The designer may then position the tracking cross over the

desired menu item or the desired portion of the image by

moving his head . The head position in conjunction with a

function switch or something similar to notify the computer

to take action , can communicate which menu item is desired.

Functional Specifications

The Symbology Exerciser is a subfunction of the VCASS

system . The fu~ction of the Symbology Exerciser is to

allow the display presentation designer to rapidly and

l0
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accurately design new display formats to be tested for the

VCASS system . This is done in two steps : manipulate a

display by creating or modifying it and test a disp lay .

Manipulate Displays. The objective is to allow the

display presentation designer to build up any kind of dis-

play desired by combining basic building blocks or previ-

ously built display components. The components of the

display can then be assigned functions such as vertical

movement proportional to the plane ’s altitude . Once the

display is built , it can be tested to see if its appearance

is as expected.

To create a new display , the designer goes through a

selection process to choose a display component. Once

identified , the component is modified to produce the

desired appearance. This may include modifications appli-

cable solely to that component as well as the standard

scaling , rotating , and translating . Once modified , the

component can be assigned its characteristics , such as with

what flight variable (e.g. altitude) it is dependent upon

for data display .

To modify a display once it has been created , the

designer selects the display to be modified. Then the com-

ponent within the display is selected for modification . At

this point , the component can be removed , its character-

istics redefined , or another component concatenated to it.

Once a display has been established , it ø1may be given

a name , integrated into the data base , and referenced

11
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through the indexes. Also , it or any existing display may

be purged from the data base when it has been determined

that the display is no longer needed .

Symbology Test. The objective of the symbology test

is to present the display in a real-time mode and dramati-

cally change the display in response to changes of state of

aircraft and VCS control/output parameters . The syrnbology

test is to allow the designer to observe the operation of

the display he created before finalizing it for operation .

To conduct the test , a symbology display is selected

for any or all of the disp lay devices accessable to the

Symbology Exerciser . Next , an algorithm to simulate the

flight of an aircraft as well as the parameters to be

dynamically changed are chosen . Once the setup is com-

pleted , the actual testing can begin.

The testing of the symbology display requires two oper-

ations : generating the test data and generating the dis-

play images. The test data is generated by feeding the

control inputs , such as stick and throttle , into a flight

algorithm . The flight algorithm calculates the dynamic

changes to the aircraft ’s state . This results in changes

to the variables to be displayed , such as altitude and air

speed.

The displays are generated by examining each of the

display components and changing them to represent the value

of the flight variables. Once the new display is gener-

ated , the process cycles back to generating new test data .

12
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Surnma~ y 
-

Establishing the requirements is a very impor tan t step

of the software development process . If errors are made in

establishing requirements , they may not be detected until

acceptance testing . Such an error may take a great amount

of resources to correct.

The requirements of the Symbology Exerciser have been

established by specifying its environment and the functions

it must perform . These requirements are now ready to be

formally represented by Structured Analysis.

(
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III. Formal Functional Specifications

Introduction

There are several methods available for requirements

analysis , computerized and manual . Some are “Structured

Analysis and Design Technology” (SADT) by SofTech, Inc .;

“Problem Statement Language/Problem Statement Analyzer” (PSL/

PSA) by the University of Michigan ; and “Software Require-

ments Engineering Program” by TRW (Ref 14). These methods

are an attempt to make the designer consider what the func-

tional requirements are , how they relate, and the data they

use .

SADT is a methodology which can be utilized for per-

forming systems analysis and design. It is a manual tech-

nique and does not require software or a computer for its

utilization . The functional analysis portion is to be used

for this thesis.

The emphasis of the functional analysis is on analyz-

ing and documenting “Wh AT” the system is supposed to do.

Only in some cases , can the design considerations of “I-hOW”

be utilized during functional analysis .

SADT is a graphic technique of analyzing a problem in

a top-down, modular , hierarchical , and structured manner .

It illustrates the functions performed by the system and

the data upon which the functions operate. Structured

Analysis represents these relationships in two ways : once ,

based upon the activities or functions and the data it

14

-~———.~~ _____________________________________________________ - -— - - —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - . - - - 
_



utilizes and produces (Activity Model); and then based on

the data and the activities which produced the data or uses

it. For further discussion of SADT , refer to Appendix A.

Since the Symbology Exerciser is part of VCASS , to pro-

vide a more complete picture of the Symbology Exerciser , the

VCASS SA diagrams which indicate the relationship of the

Symbology Exerciser to the VCASS are included. These dia-

grams and the accompanying text were derived from the thesis

by Reeve and Stinson (Ref 15).

Activity Model

The following is the activity model of the Symbology

Exerciser . It is composed of actigram figures and accom-

panying text.
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Suirimary

This chapter has presented a formal description of the

functional specifications . These specifications ~-‘ill be the

basi s for the desi gn to presented in Chapter V .

- -
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IV. Di~-p l ay  ~ata An~i~~vn i s

Introduct ion

A number of design pr incip les and s t ra teg ies  require

that the flow of data through the progr am or system be

studied (Ref 21:54) , Before beginning the design process ,

it is best to understand something about the data. To

assist  in this process , this chapter  will discuss how the

display data is used by the PS2 . It will then propose a

method of storing this data for the Symbology Exerciser ,

PS2 Display Data

This section discusses how the data is handled by the

PS2 and the forms of the disp lay data as utilized by the

Picture System 2 Graphics Software Package (Ref 7), In

turn , this should give an insight into the utilization of

the Picture System 2,

Transformations, All data to be displayed are linearly

transfromed by multiplying each coordina te poin t to be

drawn by a 4x4 transformation matrix. Fortunately, this

process is performed by the PS2 hardware and is not required

of the user software . However , setting up the transfor-

mation matrix is the responsibility of the user software,

The coordinates of the desired image may be setup so

that the display image needs no alteration . In tha t case ,

an identity matrix may be used as a transformation matrix .

But , the image may be setup as a standard from which one or
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[x,y, Z , W] ECALEI[ROTXI [R0TY]~~
OTz1[TRANj (~~I~ DO~~ 

[i]

Fig . 23 A Suggested Order of Transformation (Ref 7:4-30)

more tran sformations may be necessary to produce the desired

orien tat ion , The transformations handled are : scaling ,

changing the size; rotating about an axis; translating ,

changing position ; and windowing , chang ing the por tion of

the image to be disp layed.

A transformation matrix is setup with the desired

t ransform . If more than one is desired , the individual ma-

trices may be multiplied to form a compound transformation

matrix which will perform all of the desired transformations

at one time . The order in which matrices are multip lied is

very important as it , in general , is not commutative ,

Therefore , the order that the transformation matrices are

mul tiplied together effectively determines the order that

the transformations are applied to the coordina tes . The

general order of transformation is illustrated in Fig. 23.

For further information about transformations , refer to

Reference 12,

The PS2 facilitates the processing of the transfor-

mations by supplying hardware which will multiply the 4x4

matrices. Because of the way the PS2 handles the matrices ,

the order in which the transformation matrix must be created

by the PS2 is in the reverse order that the transformations
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will be effectively app lied to the drawn data, For cxample ,

to scale and then translate the data , the order that the

da ta is sen t to the PS2 is f i rs t , the translation matrix ,

then the scaling mat r ix , and then the da t a,

The PS2 also has the capabil i ty to push and pop the

result ing compound matr ix onto a push--down stack . This

permits a t ransformation of a display to be created , pushed

onto the stack , and then the unique transformations of the

individual display components to be applied without recre-

ating the transformation for the entire disp lay each time ,

by popping and pushing the static matrix.

Linear Display Lists. Normally , displays are genera ted

by calling a graphics subroutine to perform a given oper-

ation and then returning to the program as soon as the

operation has been initiated by the PS2. However , ther e is

a certain amoun t of sof tware overhead required by each

routine to check the parameters , setup the data , and initi-

ate action by the PS2. For objects which do not change

dynamically or their transformations only change , this sof t-

ware overhead may be eliminated by building the static part

of the objects as a linear display list. A linear display

list is a collection of PS2 commands and associa ted da ta

which are created by the graphics subroutine and stored in

an array instead of transferred to the PS2. when the object

is to be displayed , the entire array is transferred to the

PS2 in a single transfer .

Data Display. When the disp lay da ta is processed by
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the pic ture processor , it is placed into the picture memory

to be used by the -refresh controlLer to r f r esh the di sp lay .

There are several modes of refresh buffer utilization avail-

able -

The data may be in a double—buffer . This permits a

new display to be built in one buffer while the other buffer

is being used to refresh the display ,

A double-buffer requires half of the refresh buffer to

be used for each data buffer . If the user ’s disp lay re-

- -~irements exceed the capacity of half of the refresh b u f fe r

the refresh buffer may be used as a single buffer . In this

mode , the data being displayed is identical to the data

being updated by the user program . This may result in a

refresh cycle which displays a portion of the user ’s old

data and a portion of the new data ,

The most general use of the memory for the display and

updating of data is provided by the segmented-buffer mode .

This permi ts the user to crea te a disp lay in separa te por-

tions or segments. Each of these segments may be updated

independently, This means that only the por tion of the dis-

play which has changed , needs to be updated instead of the

entire disp lay .

The segment updates are placed at the end of the last

segment in the refresh buffer . As segments are deleted or

replaced by updated segments of the same name , the segments

are compacted during the course of the refreshing of the

buff er -
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Exer ciser Di sp lay Data

The previous section indicated how the PS2 graphics

package uses the disp lay. This section will propose how

the Symbology Exerci ser can use and store the disp lay data,

Organiza t ion .  The princip les of the PS2 display data

u t i l i za t ion  ( t ransformat ion  matr ices , preprocessed display

data , and segmented disp lays) can be app lied to the organi-.

zation of the exerciser ’s disp lay data. Although this may

tend to link the design to the designated hardware , the

principles can still be applied to other systems a-

The creation of a disp lay can he accomplished by

starting with basic building blocks . These are basic fig-

ures such as a circle , line , square , a scale , etc., which

are used to build up an image. The data for the building

blocks is not disp lay ins truc tions . It cons ists of routines

and coordinate parameters which can be directly transformed.

One or more basic building blocks are combined to form

a display by completing the following sequence: choosing

a building block , transforming the coordinates to assume

the desired orientation , continuing with other building

blocks until the desired disp lay is formed , and then forming

a linear display list using the data just created. This

linear display can be stored and used directly to produce

the display image.

More information is needed , though , if the display is

to function within the Symbology Exerciser . A control block

needs to be formed which contains information that will
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permit display transformations to be made correspong ing to

a specified f l igh t variable . Therefore , it mus t con tain

the f l ight variable to be associated with the display , a

reference to a routine which will perform the desired trans-

formations , and da ta required by the rou tine .

That is the process for a simple display but more

• complex displays will be needed. To build a more complex

disp lay , the basic disp lay can also be thought of as a

building block or dis~~lay component . A more complex dis-

play can be built by completing the following : choosing a

display component , creating a transformation matrix which

transforms the disp lay componen t on to the desired orien ta-

tion , saving the t ransformat ion matr ix  in the display com-

ponen t ’s con trol block , and con tinuing with other di sp lay

components. Once the desired disp lay is formed , the dis-

play components are linked together and linked to an over-

all disp lay control block . This control block can also

contain a flight variable and transformation routine refer-

ence which can be used to apply the transformation to the

entire display.

The process of using displays as display components

and forming a more complex display can continue until the

complete display has been built. The resulting display is

one which can be thought of as a unit , such as a flight

situation display, but is composed of independent displays

such as an altimeter . Each display , no matter how complex ,

is categorized as to type and indexed whenever it is
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finalized and saved . The disp lay is indexed by type and

then by name under that type. The display can then be

located for use or for incorporation into another display .

Fig . 24 i l lus t ra tes  a sample display s t ruc tu re .

Storage. Most of the data can be maintained in a

fixed length block of f ixed length records . Therefore , a

random access scheme can best  f u l f i l l  the storage require-

ments. A problem does exist with the linear display lis ts

since their size can be of variable length . A scheme is

needed which handles variable length records , does not

waste space , but yet can be accessed quickly. A method

which comes close to these ideals is an adaptation of the

block s t ructure  ut i l ized by Control Data Corporation ’ s Data

Handler (Ref l5 :D-l  - D-9).

Usually, storing variable length records in fixed posi-

tions in a block will cause fragmentation with deletions

and additions of records. This method uses a fixed length

block , but the records are not fixed within the block . A

record is referenced through pointers within the block. A

record is addressed by block number/record number , The

block is then read and a pointer corresponding to the

record number is extracted. The pointer indicates the

actual position of the record within the block . The use of

pointers permits the records to be moved within the block

to provide a contiguous space for new records . Then only

the internal pointer needs to be changed.

When a record is added , the record and pointer are
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Fre e Space 1Free Sp~~ e Link

Poin ter s -—

Addi tional Records

Block j Ipe 1~’iumb er of Words
Cont inuat ion Address  

—

Record
DATA

Fig . 25 Disp lay Data Block

added to the block at ei ther end , working toward each other,

The available space is left in the center . If a record is

to be added and it is too large for the available space ,

the record can be broken up by writing the first part in

the available space and sup p lying a continuation record ad-

dress of a new block for the remainder of the record. A

display data block is illustrated in Fig. 25.

Summary

The PS2 disp lay data appears in different forms . It

exists as transformation matrices. It exis ts as linear dis-

play lists and also as disp lay instructions for the p ic ture
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a- genera tor . These forms were examined to gain more knowl-

edge of the exerciser ’s environment . This knowledge was

then used to develop a methodology for handling the exer-

ciser ’s display data.

70

- a- - -- a - -~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -—



V . Software Desi gn

Introduc tion

The design phase can he divided into a general design

and a detailed design . The gener al design decid es which

fun ction s are needed , the calling parameters , and the rela-

tionsh ips .  Thi s information can then be us ed to separa tely

design , imp lement , and test the individual m odules in the

detail design phase. This chapter presents the general

design of the Symbology Exerciser , leaving the exact iinp le-

meritation of the modules to those doing the implementation .

The des ign of a software system cannot be approached

haphaz ardly. There must be concern for maintainability and

understandability. Out of this concern grew such tech—

niques as structured programming and modularization .

Structured design is an additional method of arriving

at a general design. It attempts to arrive at a solution

which is modifiable , understandable , reliable , maintainable ,

and general (Ref 14). Attaining these goals should reduce

the cos t of programming by making debugging and modifica-

tion easier .

Bubble Chart

The first step of the process is to sketch out a func-

tional picture of the problem . This has already been done

using SA , but the design method uses a rough structure

called a “Bubble Chart”. This structure aids in visualizinp,
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the da ta f low through the system , input to output . This is

a conceptual stream of rela ted data that is independ en t of

any physical input-output device.

The bubble chart is a series of circles which repre-

sent transformations of data. The data elements are repre-

sen ted by labeled arrows conne ct ing one transf orm bubble to

ano ther . If two adjacent data streams are both required

for  a t ransfc :m , an as ter isk (“*“) is p laced be tween the

two data streams . If ei ther data stream is s u f f i c i e n t  for

the t ransform , the “r ing-sum” operator  (“s”) is used (Ref

21:54 , 5 9) .

Note that  the bubble chart is not to become entang led

in aspects  of procedure or decision-making ( e . g .  loops ,

in i t ia l iza t ion, termination , recovery procedures , or deci—

sions) (Ref 2 1 : 2 6 0 ) .  Figure 26 is the bubble chart for the

Symbology Exerciser as derived from the SA.

The bubble chart indicates  bas ica l ly  two independent

streams of data . These transac tions have bo th input and

output and they are s t a r t ed  with the setup exerciser.

Some of the recurring data is not shown on this bubble

chart in order to reduce the clutter . Items omitted are

indications of interaction with the user (e.g. control in-

put and menu disp lay output). It is also assumed that once

the exerciser data is updated , it reen ters as exerciser

data.

The next step in the design is to indicate on the bub-

ble chart the most abstract points that carL be considered
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input (afferent) and output (effercnt) . These iu d i c at  ions

are n~ rked on the bubble  ch - .r t  by large brackets.

Structure Charts

Now that the data flow has been es:ahlished , the de-

sign can be derived. This involves starting with the most

abstract parts at the top and brea~-:inr, them gradually into

functions which approach the level of phys i cal I/ O . Note ,

that in this case , the first level does not follow this

appro ach . It , ins tead , treats the two data flows as trans-

actions. These transactions then follow that approach .

The structur e char ts produ ced by the struc tured de sign

indicate the module function s and the hierarchial structure

(which modules call which modules). A description of the

functions of each module is included to provide a picture

of the operation of the system . Along with the hierarchial

structure is an indication of the data and control flow .

This flow is documented with tables of input and output

parameters. Each numbered entry gives the parameters which

are passed along the path indicated by the arrow with the

corresponding number -
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Summary

This chapter has presented the general desi gn for the

Symbology Exerciser. It is now ready for a det ailed design

to be developed.

f
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Conc lusion

Summary

The Visuall y-Cou pled Airborne Sy stems Simulator is

be ing designed to rep lace the existing large , complex visual

scene simula tors. The VCASS consists of a helmet-mounted

display which can project instantaneously a selected portion

of an image or symbology into the operato r ’ s field of view .

Only that por tion of the display in which the opera tor is

interested needs to be disp layed . To determine where the

operator is viewing , the head posit ion of the opera tor is

measured by a helmet-mounted sight.

VCASS pre sents an entir ely new set of human factors

problem s for the operator display interface. An importan t

prerequisi te for the VCASS disp lay development is a syin-

bo logy exercis er that will allow the disp lay presentat ion

designer to rap idly and accura tely design and disp lay for-

mats to be tested for the VCASS system . The objective of

this thesis has been to perform a requirements analysis and

crea te a des ib ’n for a symbology exerciser .

The firs t. step in the sof tware development process was

to de ter nin. t he s - c F tware requirements. It was important to

underst and wh a t the software must do before beginning the

design step TCi bt-~ ln the development of the exerciser , its

req-ii r men ’~ were e stablished. The functional specifica-

io ns for the exerciser were presented in Chapter II . Also

in cluded was a discussion of the environmen t in which it
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will be dev eloped. A morc ri gorous examina t ion o f t~~~ f u t - ~-

tional specifications were then conducted with Structured

Analysis. The se were presented in Chapter III . Once the

specifications were established , the design step could be gin.

Before starting with the program design , familiarization

with the data was needed. Chapter IV presented an anal ysis

of the display data. It began with usage of the disp lay

data by the Evans and Sutherland Pic ture System 2 Graphics

Package. Then a method was proposed for handling the dis-

p lay data by the exerciser .

To produce a design which was easy to modify , implement ,

and maintain , Structured Design was used. The function spec-

ificat ions were taken and a general design was produced by

following the de sign me thodology . This desi gn wa s p resented

in Chap ter V and can now be expanded to a detailed design.

Observa t ions

Ut ilizing the rigorous examinat ion of the func t ional

requirements by St ructured Analysis wa s a definite plus in

the sof tware design. It hel ped to prevent proce eding to the

design and doing some programming be for e knowing exac tly

what was to be done . A significant amoun t of time was spent

developing the SA but it was easier to make changes to the

SA than it would have been to make changes to a design or

code -

Following a me thodology to arrive at a design was much

easier than jus t deve loping a design haphazardly . The
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design produced should be easier to mod ify and maintain. It

was better to follow a system than to just guess what would

be a good breakdown of the modules.

Recommendations

The next step in the softwar e- d e v ’l op mt i t  pro t - -ss is to

deve lop the detail design. The de tail desi gn requir e s tak-

ing the re lat ively independent module and crea t ing a flow in

enough de tail from which to code . The detail design should

not be so detailed that it does not permit the coder flexi-

bili ty in implement ing the design.

Also during the detail design phase , considera tion

needs to be given to the ac tual format s of the menus and dis-

p lays . There are several fac tor s to keep in mind when

de signing displays , two examples follow (Ref 20:368):

1. Displays of upperca se lett ers are search fas ter

than those of lowercase letters .

2 . Search t ime is the same for lette r sizes within

the range of 0 .12 , 0 .14 , and 0.16 inches.

Addit ional fac tor s for displays can be found in Human Fac-

tors Problems in Computer -Generated Graphics Disp lays. (Ref

1:17-40) -

There are considerations of man-machine interaction be-

sides display search speed . It has been de termined that for

response speed the use of function switches or menu would be

preferable to using a series of menu selec t ions to arrive at

a choice. It is also preferable to display all the func t ions
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— at once than to make a series of selections (Ref 4:47-48).

The man-machine interaction should also be considered

by cons truc ting a preliminary user ’ s manual and a tes t plan .

These considerations can then be incorporated during the

coding . The user ’s manual will save on corrections due to

user desires. The test plan will force consideration to be

given to testing before the test phase .

There are several recommendations for oding . They are

as follows :

1. Use a high-level language for easier coding ,

debugging , implementation , etc. (Ref 3:135).

2 . Use as sembly language only in modules which are

repeate dly used and require high speed or spe-

cial functions (Ref 3:135).

3 . Use the struc tured programming concept where

possible to increase debugging and under-

standing (Ref 3:144).

4. Use self documenting programming to facilitate

code readability and understanding (Ref 3:

167-175) -

Wi th the testing , be sure to develop a good tes t plan

such as top-down testing and follow it (Ref 21:499-526).

Finalize the user ’s manual and be sure its specifica t ions

are met.

(
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Appendix A

Structured Analysis

Structured Analysis (SA) is a methodology of decom-

posing a syst em in a “top-down” manner , from bo th an ac ti-

vity and a data-oriented viewpoint. It was developed by

So fTech, Inc. (Ref 18 and 19). To anal yz e a complex sy st em ,

the concep t of modularity is used to successively break down

the subject matter into more and more , smaller and smaller ,

well-defin ed modules . Finally, small enough piece s are

derived so that the function of each module and its inter-

faces to other module s can be easily unders tood .

To describe a system comp letely, the SA relates the

functions (activities) perform ed by the system and the

things (data) upon which the functions act. So to ge t a

comp lete picture , the sys tem is decomposed twice , once based

upon its ac tivities , and again, in a sep ara te model , based

upon its data.

A SA top—down decomposition is represented by a series

of diagrams as shown in Fig . A-i . Each diagram is decompos-

ed into three to six pieces. The details at each level are

represented as numbered boxes. These individual detail

boxes are decomposed into diagrams at the next lower level.

Each diagram is called the “parent” of its “children” dia-

grams . Each diagram is numbered based upon the box number

( of its parent view (e .g . diagrams 311, 312 , and 313 are

children of diagram 31). Each diagram in the structure is
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Fig. A-i Structured Analy sis ~-~o~ e1 (Ref 19:2-4)

called a node.

An SA diagram is composed of boxes and arrows . The

box contains the name of the activi ty for the activity model

or the data item for the data model. Arrows are used to

connect the boxes to represent interfaces between boxes.

The type of interface is not represented by the type of

arrow but instead by the side of the box the arrow enters or

leaves . Each side of the box is assigned a specific meaning .

Figure A-2 illustrates this box/interface convention .
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The arro~-.- convt — ri t i n ~- ir e  s :;iri ::t~. i ~is follc ’.-:s (Ref

1 9 : 3- 6 ) :

Activit y Dia~ r:c:~s:

Input : Dat •i transforr eJ by thL acti v it y into

output -

Output : Data created ~v the act ivi t y .

Control: Data used to control the process of

converting the input into output .

Mechanism: The processor which performs the

activity (person , computer program ,

etc.)

Data Diagrams :

Input: Activity which creates data.

Output: Activity which uses the data.

( Control: Activity which controls ftc- creation

or use of the data.
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Mechanism: The storage device used to hold the data

(buff er , computer memory , etc.)

In SA it is common to have arrows sp litt ing and joining.

To understand what is meant , it is the convention that all

data flows along all branches unless o therwise indicated by

a special label on an arrow branch. These conventions are

summarized in Fig . A-3 .

Another common situation is that one or another , but

not both , outputs can occur simultaneously. A corresponding

situation is that one or another , but not both , inputs can

occur simultaneously. These situations are illustrated

in Fig . A-4 .

To connect arrows across the parent/child boundaries , a

special labeling convention is used. The arrow code (ICOM)

is constructed from a letter representing the side of the

bo x the a r row ( - n t ( r s  or l eave s  the  p i r U n t  ( I , C , 0 , or M)

fol lowed by the number of the arrow ordered f r o m  th e  ‘ np-

to-bottom and left-to-right . If the arrow has no correspon-

ding arrow in the .p arent , then the end of the arrow is en-

closed in parentheses. In the text , to reference a box

within the diagram , the box number is enclosed in paren-

theses . To referenc e an internal arrow , the box number is

written first followed by the arrow code for that box.

To read the SA model , the following reading sequence

is recommended (Ref 19:4-2):

1. Scan only the boxes of the current module to
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means 

A

A mean s 
B 

A

A means

Fig.  A-3 Arrow Branches and Joins (Re f 19:3- 12)

Fig . A— 4 OR St r t~~~ ’ ’  ‘v’f 1 ’  ~ - 1 5 )

gain a fir st I rrr - , - - -~ion of the rno lule

decomp- -,i ti i n.

2. Using the p~ rent- d Lu’rarn , re think t L -  m e s s a g e

of the parent module , observing the arrows

feeding to and from the current module.

3. Referring back to the current module , see how

and where each arrow from the parent context

attaches to the factors on the current module ,

using ICOM codes .

( 4. Then consider the internal arrows of the cur-

rent module to see how it works in detail .
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Consider the boxes from top-to-bottom and

from left-to-right . Examine the arrows by

going clockwise aroun d ea ch box .

5. Finally, read the text for the current module

to confirm or alter the interpretation gained

from consideration of the diagrams themselves .

(_
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the VCASS system.
The Symbology Exerciser development was begun by first

doing a requirements analysis to establish the functior.s of
the softwsre. The analysis was performed by using a. graph-
ical technique which rela-tes the activi-ties and -the input ,
output , and control data.. Once tho functional requirements
were establisher~, the data. required by a vi sual ~hi splay was
analyzed in Derparation for the sof tware  des ign .

Finally , a str~sctured design technique was applied to
produce a. software design ,:Lich has high cohesion and low
coupling . The design is presented by using structure charts ,
input/output lists , and module descriptions .
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