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INTRODUCTION

Computer-driven visual display devices are re-
ceiving increasipg user acceptance in the de-
vetopment and deployment of simulators and
trainers for complex systems. Most of the
attention paid these systems has been on the
high end of the price/performance spectrum,
with full-color, real~time displays for air-
craft/spacecraft trafning simulators becoming
the rule and not the exception. There exist
other areas of potential application of com-
puter-controlled visual systems, specifically
in Tow-cost trainers designed for initial
familiarization or proficiency maintenance

on specific areas of systems performance.
Such trainers do not need the fidelity or
flexibility required of complex systems, but
can be aptimized for a specific function, such
as training pilots for contact approaches to
airfields.

This paper discusses some of the basic aspects
of implementing "simple" computer graphics and
presents an example in the form of simulated
night landing dispiays at Herndon Airport in
Orlando, Fiorida.: The three-dimensional pro-
jections were calculated and displayed on a
video monitor in the form of two-dimensional
scenes, Motorola 680C Microprocessor-based
hardware was used as the interface to a video
monitor. A description of the various operat-
ing parameters for simulated flight landings
is presented. Included in the discussion are
various pictorial representations of simulated
Tanding approaches at Herndon Airport, and
suggestions for improving the performance of
the system are outlined.

GﬁAPHIC PRINCIPLES OF FLIGHT SIMULATION

Since a display screen 15 a two-dimensional
space, one can not display three-dimensional
flight perspectives without the use of some
mathematical transformations. Three-dimen-
sional coordinate transformation egquations
must be generated jn order to convert flight
perspectives, which are three-dimensional, in-
to two-dimensional points.

The three coordinate transformations that must
be considered are:
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1. Rotation
2. Translation

3. Clipping

For each of these transformations, equations
and associated matricies must be established
so that the proper perspectives can be gene-
rated.

‘A general rotation in the three-dimensional
XYZ-space assumes that the world rotates
around the viewer. This in essence is the
viewers direction and assumes that the viewers
Tocation is at (0, 0, 0) in three coordinate
space. A general rotation may be accomplished
simpTy by multiplying a 3 x 3 matrix by a
three element vector (1). This matrix only
has to be generated once per each viewing
direction since it applies to all points for
that view.

The rotation or viewer's direction consists of
four parameters:

1. Pitch (P)

2. Bank (B)

3. Heading (H}
4. Angle of View (V)

Pitch is a floating point variable that spec-
ifies the angle of inclination from which the
viewer looks at the scene. Bank is a floating
point variable representing the angle at which
a viewer's head is tilted sideways when view-
ing the scene. Heading is the direction the
viewer is facing while standing on the XZ
plane. .

The 3 x 3 matrix, which when multiplied by a
three element vector, used to rotate the scene
about the origin is shown in Figure 1. This
fiqure shows the rotational matrix being
multiplied by the original 3D space coordinate
point yielding the rotated point.

The fourth parameter used in the rotation of
the original base case is called the viewer's
field of view. This parameter is simflar to



the lens on a camera. This parameter Timits
the angle that the viewer will see when making
tha approach to the landing strip.

Field of view is a floating point value repre-
senting the tangent of the half field of view.
A value of one represents a forty-five dagree

half field or ninety-degree full view of field,

A value of three would represent a narrow
telephoto view.

Anytime a change of viewer's direction ar
rotation takes place, a subroutine must take
the change in pitch, bank, and/or heading, as
well as field of view and create a new pre-
determined transformation matrix. This new
transformation matrix must then be multiplied
by the origiral data to create a new rotated
scene.

TRANSLATION

The viswer's Tocation in fiight simulation is
always considered to be at (0, 9, 0) in a co-
ordinate space. When the position of the air-
craft 7s at a location other than (0, 0, 0),
the points in the data base must be translated
while the viewer remains fixed. In other
words, the world moves and the viewer remains
fixed.

TransTation of a point is performed by adding
a positive or negative constant to each point
of the three-dimensional data base.

CLIPPING

The simple application of translation and ro-
tation to produce a perspective image has two
undesirable effects.

1. Objects behind the viewpoint may appear
on the screen.

?. Objects may exceed the prescribed limits
af the viewpoint.

These effects are eliminated through the use
of a ¢lipping algorithm. The operation of
Tine ¢Tipping and coding in the program is an
extensive process and thus sTows down the out-
put from the microprocessor to the video dis-
play terminal. That part of the program which
performs the algorithm of coding and line
clipping is written in BASIC Tanguage and thus
adds additional computational time fo the
process. Even though the process is rather
sTow, 1t does not affect the accuracy of the
transformed view of the field on the video
output monitor.

PROJECTION

Once the clipping process yields a line that
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is visible on the screen, then a perspective
projection rmust be performed. Generating a
true perspective image requires dividing by
the depth of each point {2). Dividing each
starting and ending point of a line that falls
within the viewing pyramid by the depth and
then multiplying by the half width of the
particular video output monitor screen that

is being used will give the true perspective
image.

A key factor in the projection of a point on
the screen is the order in which the trans-
formations are calculated. The position of a
peint on the display screen which carresponds
to a point on some object will be different
if different orders of translation and rota-
tion are calculated. For example, if the
viewer's Tocation in space (translation) is
considered before his viewing direction
(rotation), a different projection would re- -
sult if Tocation had been considered after
direction.

Throughout the program for flight display,
the following is the order in which the trans-
formations are calculated:

1. X, Y, Z, translation.

2. Heading (rotation about Y axis).

3. Pitch (angle of view to the X, Z plane).
4. Bank

SOFTWARE

Once the input array and control parameters
have been integrated into the body of the
program, the subroutines shown in Figure 2
are called. These subroutines are called
upon to transform each starting and ending
point of the data base and to send the re-
sulting screen start and end points to the
display device to be displayed.

A commercially available graphics package (1)
was used to provide much of the processing
Togic in the program sections performing the
mathematical transformations.

The matrix generator subroutine generates the
3 x 3 transformation matrix requried for ro-
tation. The input parameters P, B, H, and V
are used to generate the rotat1ona1 transfor-
mation that wiTl be used in the 3D to 2D
converter. Contained within the matrix gen-
erator subroutine is the sine/ cosine sub-
routine, This subroutine generates the cosine
and sine of a value in degrees. This sub-
routine is needed because BASIC language _
does not have trigonometric functions. This
matrix need only be calculated once for the
given cantrol parameters. All lines in the
scene will use the same transformation watrix,
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The program must then feed the array of 3D
input points to the matrfx multiplier sub-
routine. The matrix muitiplier subroutine
takes the viewer's location values and adds
them to the start and end points of each line
in the data base one Tine at a time. The
points are then multiplied one at a time by
the transformation matrix calculated in the
mateix generator subrouiine. Each rotated
start and end point is then transferred to
the clipping subroutine.

The clipping subroutine determines if the
1ine just translated and rotated is on the
screen or off the screen and accordingly dis-
plays, clips, and displays, or eliminates t.
As each starting and ending point for a line
is transtated, rotated, and has the necessary
clipping performed, it must be sent to the
display device driver subroutine. The dis-
play device driver subroutine was written in
M6800 machine Tanguage and contafned several
subroutine options within the program; these
were the Erase and Draw routines.

The Erase subroutine 1s run once each time a
new transformation matrix has been calculated.
The subroutine clears the video monitor dis-
play of any previous objects. The Draw sub-
routine accepts the data from the 3D to 2
converter and outputs to the video dispiay
monitor electrical impulses that correspond
to scan lines on the display image. Each
time the 3D to 2D converter calculates a new
translated, rotated, and clipped line, the
Draw subroutine is called to output to the
video monitor.

Once all the 1ines from the basa data have
been sent to ask for a new position and direc-
tion, the program will check to see if the
input variables have changed. If none of the
variables have changed, the program will not’
erase the screen, but instead ask again for
new viewer parameters. Once any one of the
six parameters are changed, the program will
then calculate a new transformation matrix,
erase the screen, and calculate a new display
image on the video monitor.

This program was written with the versatility
to include many different data bases, Targer
or smaller screens, wider or narrower fields
of view, and different positions and direc-
tions. The major partion of the program is
written in the BASIC language, which makes
the calculations of perspectives slow.

HARDWARE

The computer hardware used in this study was .
built from kits produced by the Southwest
Technical Products Corporation of San
Antonio, Texas. The major components of the
system and the associated costs were as

follows:

1. ME800 microcomputer (32K RAM, 1K RDM)
at an approximate cost of $10

2. Dual mini-floppy disk drive at an approx-
imate cost of $1000.

3. Graphic Interface Terminal at an approx-
imate cost of $200.

4. Video output monitor at an approximate
cost of $200.

5. Console Terminal at an approximate cost
of $500.

The dual floppy drive has the ability to store
programs on small magnetic disks. The mag-
netic disk affords the ability to store many
different data bases which are readily avail-_ _
able to be called up by the operator. This
gives the operator the ability to change the
training enviroment from one area to another
within seconds.

The graphi¢ interface terminal serves as a

buffer between the video monitor and the

M&800 microcomputer. The graphic interface

takes digital output data from the microcom-

puter and converts it fo a composite v1deo : -
signal for display. Co

SYSTEM GPERATION

The most crucial part of constructing a three-
dimensional graphic program is testing the
system to see if results are what is expected.
The entire process of rotation, translation,
clipping, perspectives, and visual display
must be integrated into a software module or
modules that have coordinate values of a point
in the three-dimensiondl space.

This module can be depicted as a transfer sys-
tem as shown in Figure 3 (3). The input con-
sists of points X, Y, Z, in the three-dimen-
sional space. A]ong with the inputs are e1ght
transformation parameters.

The three angles of rotation P, 8, and H.
The three translation parameters X, Y, and Z.
The two scaling factors W and V.

The output variables that one is expecting to
display are X_ and Yp, which are in 20 screen
coordinates.

The intended purpose of any flight simulator
is to accurately generate the perspective
views of the data base for a given position.
The data base selected for this study was that
of Herndon Airport located in Orlando, Florida.

As viewad 1n Figure 4, Herndon has two



major runways in a basic X configuration.

In order to simulate flight landings on the
runways at Herndon Airport, the three angles
of rotation and the three translation para-
meters must be supplied to the program. Fig-
ure 5 depicts various points on and off the
runway that were to simulate flight landings.
Table 1 is a listing of the various points on
the runway layout that have been inputted to
the computer and the translated and rotated
picture displayed on the video monitor.

In order to simulate an approach landing on
the runways at Herndon, a general view of the
field was generated to provide an overall
validaticn of the model performance. Figure

6 is. a view of Herndon Ajrport when the values
of the angles of rotation and translation par-
ameters are:

X(3) = 0 (origin of X-axis)
Y(3} = 5000 feet (altitude)
Z{3) = 0 (origin at Z-axis)
P=-90°

B =20

H = 00

Approach landing to Runway 7 witl be depicted
in a series of figures. Figure 7 is a view
of Herndon Airport when the values of the an-
gles of rotation and translation parameters
are:

¥{(3) = -10,000 feet

¥{3) = 3,000 feet (2ltitude}
Z{3) = 10,000 feet

P = -15 degrees

B = D degrees

H = 50 degrees

Figure 8 is a2 view of the airport from:
%(3) = -5,000 feet

¥(3) = 1,600 feet

Z{3) = -5,000 feet

P = -20 degrees

B = G deqrees

H

50 degrees

Figure 9 depicts an even closer view of Herndon's

Runway 7. The parameters are:
X(3) = -2,500 feet

¥{3) = 800 feet

Z{3) = -3,500 feet

P = -25 degrees
B = 0 degrees
H = 50 degrees

Examination of Figure 10 shows that the plane
is about to touch down on Runway 7. The par-
ameters are:

X(3) = -1,700 feet
Y(3) = 200 feet
Z(3) = 2,700 feet
P = -25 degrees

B = 0 degrees

H = 50 degrees

The final approach and touchdown scenario on
Runway 7 is depicted in Figure 11. The par-
ameters are:

X(3} = -1,500 feet -
Y(3} = 100 feet
Z{3) = -2,400 feet

P = -15 degrees
B

0 degrees

H

50 degrees

CONCLUSIONS AND DIRECTIQONS FCR FUTURE STUDY

The evolution of computer graphics with its
associated graphical displays has without a
doubt surfaced as one of the most fascinating
areas of computer tachnology. The essence of
this research was to explore the feasibility
of a microprocessor to demonstrate the use of
Tow-cost computer graphics for flight simula-
tion visual display. Many large-scale flight
simelators are available that utilize compu-
ters to create flying conditions. A major
obstacle to widespread use of these rela-

tively high costs is associated with the complex-

ity of a total systems simulation. There is a
large potential demand for limited-function
f1ight simulators and other specialized train-
ers if certain parameters can be achieved:

1. Low Cost: The system must be designed to



be implemented on a small computeyr, equip-
ped with a relatively small highspeed mem-
ory, a mass storage device, a lTinedrawing

display and input devices appropriate for

the intended application, possibly inclu-

ding a keyboard and joystick.

2. Versatility: The use of a local dedicated
computer rather than a remote time-shared
system enables the system to provide a
good response.

3. User- Oriented: The system is designed
to be operated and programmed by inter-
action with a single, high-Tevel language.

Because display devices have limitations, dis-
play systems are a compromise between the in-
terests of men and capabilities of the equip-
ment (4). Two of the major Timitations of _.
the hardware used in this study ware resolu-
tion and round-off.

ResoTution is a measure of discrimination
within a fine detaii. Resolution depends
partly upen the visual activity of the eye .
and partly upon the resolution of the display
itself. The resolution of a display depends
upon the size of its screen, the strength of
the phosphor and the graininess of the web
upon which the display is projected. Thus,
some of the blurriness which shows up on the
pictures has to do with the size of the screen
which causes resoiutiaon.

The second Timitation on the screen image is
associated with numerical round-off. The
graphics display hardware can only accept in-
teger values as inputs to the video display
unit. Thus, some of the lines exhibit a
smooth appearance, such as the center 1ines
of runways because of the round-off that is
inherent in a grid definition of only 64 x 96
points. This s an inherent Timitation of
the equipment that is currently being used.

One major area for future research is to in-
crease the speed at which the new projections
are calculated and projected on the video

menitor. In order for the system to be used

for actual flight simulation, the program must
be abie to generate ZC-30 new projections and
associated display updates within one second.
This performance can conceivably be approached
with microprocessor based-systems by convert-
ing the program from BASIC to machine Tangu-
age and/or by investigating the possibility

of distributed computers using muTtiple micro-
processors. T

The second area where additional research can
be done from this study is to make the posi-
tion and direction parameter inputs come from
cockpit controls and displays instead from
the console terminal. These inputs can be
generated by the use of transducers and can
be fed directly into an analog to digital

converter. The outputs from the converter
would then be the inputs to the microprocessor
to be used for generating new projections.

It is cliear that great advances have heen

made in building highly versatile, and user-
oriented, graphics transformation processors.

It is anticipated that the next few years ~~—~
wiTl bring about the development of high-
quality, high-performance, and inexpensive
training adjuncts to large scale display
simulators that are currently in use.
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Figure 1. Reotational Matrix muitiplied by original 3D space coordinate point yielding

the rotated point
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Main
Program
Matrix Project Matrix Display
Muit Gen Device
Driver
Clip- Sine/ Erase
ping Cosine
Draw

Figure 2. Subroutine Structure for Flight Simulator

%{3} Y(3) Z{3) P H

» X(4) out

X(1)| Calculation of the Componrents of the X(2)
N X(5) 4 x 4 matrix
N Y{1}| Execution of the matrix multiplication

Y{5 ¥(2),

Z{1) Division of the first two components of
H {5} the result by the fourth one

Figure 3. Transfer System view of a module for
rotation, translation, clipping, and
perspective on a line frnm\

(X2 ¥y ;) to (Xg, Y5, Zg)
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Figure 4. General Layout of Herndon Airport and Associated Runways
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Figure 5. Point Approaches to Herndon Airport

280



Figure 6. Aerial View of Herndon Airport at
5000 Feet

Figure 7. Aerial Approach to Runway 7 at
3000 Feet Altitude

Figure 8. Aerial Approach to Runway 7 at
1500 Feet Altitude
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Figure 9. Aerial Approach to Runway 7 at 800 Feet Altitude

Figure 10. Aerial Approach to Runway 7 at 200 Feet Altitude

Figure 11. Aerial Approach to Runway 7 at 100 Feet Altitude
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