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PILOT AID USING A SYNTHETIC
ENVIRONMENT

_ Thisisacontinuation of application Ser. No. 08/274,394,
filed Jul. 11, 1994, now abandoned.

BACKGROUND OF THE INVENTION

This invenlion relates to a pilot aid for synthesizing a vi'ew,

of the world, When flying under Visual Flight Rules (VFR)
the normal procedure for determining your position is to
rclate whal you see out the window to the information on a
paper map. During the day it can be difficult to determine
your location because the desired landmark can be lost inthe
clutter of everything else. When {lying at night you see
mostly lights, When flying under Instrument Flight Rules
(IFR) you must relate the information from various naviga-
tion aids to the information on a printed map. You must then
interpret the map information in order to avoid flying into
objocts such as mountaing and the like, An improvement in
this situation came about when the global positioning system
(GPS) became operational and available for civilinn use.
QPS directly provides map coordinates but you must stil),
however, interpret the map information. Systems have been
developed which use GPS coordinates 1o access an elec-
tronic map which is presented on a display as a flat map.

. Systems have alwo been developed that present an apparent
three-dimensional effect and some that present a mathemati-
cally correct texture-mapped -three-dimensional projected
displny. )

Both of these systems require a very la.rgc amount of
storage for temain data. The latter system also requires
specialized hardware. Their high cost have prevented their
widespread sdoption by the avaialion community.

The 1984 patent to Taylor et al. (U.S. Fat. No. 4,445,118)
shows the basic operation of the global positioning system
(GPS).

The 1984 patent 1o Johnson et al. (U.S. Pat. No. 4,468,
793) shows a receiver for recelving OPS signals,

The 1984 patent to Maher (U.S, Pat. No. 4,485,383)
shows another receiver for recciving GPS signals.

The 1986 patent to Evans (U.S. Pat. No. 4,599,620) shows
8 method for deterniining the orientation of a moving object
and producing roll, pitch, and yaw information,

The 1992 patent to Timothy et al, (U.S, Pat. No. 5,101,

356) also shows a method for determining the orientation of
8 movmg object and preducing roll, p:lch. and yaw infor-
mation.

The 1993 patent to Ward et al. (U.S. Pat. No. 5,185,610)
shows a method for determining the orientation of a moving
object from a single GPS receiver and producing roll, pitch,
and yaw information. ’

The 1992 patent to Fraughton et al. (US.-Pat. No.
5,153,836) shows a navigation, surveillance, emergency

“location, and collision avoidance system and method
whercby each craft determines its own position .using
LORAN or GPS and wansmils it on a radio channel along
with the craft’s identification information. Each crafl also
teceives the radio channel and thereby can determine the
position and identification of other craft in the vicinity.

The 1992 patent to Beckwith et al, (U.S. Pat. No. 5,140,
532) provides a topographical two-dimensional real-ime
display of the terrain aver which the aircraft is passing, and
a slope-shading technique incorporated into the system
provides 10 the display an apparent tlu-ee dimensiom.l effect
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similar 10 that provided by a relief map. This is accom-
plished by reading compressed terrain data from a cassetle
tape in a controlled manner based on the instantancous
geographical Jocation of the aircraft as provided by the
gircraft navigational computer system, reoonstmcting the
compressed data by suitable processing and writing the
reconstructed data into a scene memory with a north-up
orientation. A read contro] circuit then controls the read-out
of data from the scene memory with a heading-up orlenta-
tion 10 provide a real-time display of the terrain over which
the aircraft is passing. A symbol at the center of display
position depicts the location of the aircraft with respect to
the terrain, permiuing the pilot to navigate the aircraft even
under conditions of poor visibility. However, the display
provided by this system is in the form of a moving map
rather than a true perspective display of the terrain as it
would appear to the pilot through the window of the aircraft.

The 1987 patent to Beckwith et al. (U.S. Pat. No. 4,660,
157) is similar 1o U.S. Pat. No. 5,140,532. It also reads
compressed terrain data from a cassetie tape in a controlled
manner based on the instantaneous geographical location of
the aircraft as provided by the aircraft ndvigational computer
system and reconstructs the compressed data by suitable
processing and writing the reconstructed data into 4 scene
memory. However, instead of providing & topographical
two-dimensional display of the terrain over which the air-
craft is passing and using a slope-shading technique to
provide an apparent three-dimensional effect similar to that
provided by a relief map as shown in the *532 patent, the
*157 patent processes the date to provide a 3D perspective
on the display. There are a number of differences between
the *157 patent and the present invention:

1. The *157 Patent stores the map as a collection of terrain
points with associated altitudes; the large amount of
storage required by this approach requires that a tape be
prepared for each mission, The present invention stores
terrain data as a collection of polygons which results in
a significant reduction of data base storage; larger
geographic areas can be stored so that it it pot necessary
to generate a data base for each mission.

2. The "157 .Patent uses a tape cassetie for data base
storage; the long access time for tape storage makes it
necessary o use a relatively large cache memory. The
present invention uses a CD-ROM which permits ran-
dom access 0 the data so that the requirements for
cache storage are reduced.

3, The '157 Patent accounts for the aircraft's heading by
controlling the way the data is read out from the tape. .
Different heading angles result in the data being read
from a different sequence of addresses. Since addresses
exist only at discrete locations, the truncation of
address locations cavses an unavoidable change in the
map shapes as the elrcraft changes heading. The present
invention stores icrrain as polygons which arc math-
ematically rotated as the aircrafi changes attitude. The
resolution is determined by number of bits used to

" vepresent the vertices of the polygons, not the number
of storage addresses.

"4, The '157 accounts for the roll attitude of the aircraft by
mathematically rotating the screen data after it is pro-
Jected. The '157 Patent does not show the display being
responsive to the pitch angle of the aircrat. In systemy
such as this the lack of fidelity is apparent to the user.
People know what things are supposed to look like and
how they are supposed to change perspective when
they move. The present invention uses techniques that
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have long been used by the computer graphics industry -

to perform the mathematically correct transformation
and projection. ’

§.The *157 shows only a single cockpit display while one
of the embodiments of the present invention shows a
stereographic head-mounted display with a head sen-
sor. The pilot is presented with a synthesized view of
the world that Is responsive 10 wherever the pilot looks;
the view iz not blocked by the cockpit or other aircraft
structures. This embodiment is not enticipated by-the
*157 patent.

The 1991 patent to Behensky et al. (U.S. Pat. No. 5,005,
148) shows a driving simulator for a video game. The road
and other terrain are produced by mathemaically transform-
ing a three-dimensional polygon data base,

The first sales brochure from Atari Games Corp. is for a
coin-operaied game (Hard Drivin®) produced in 1989 and
relates to the '148 patent. The terrain is represented by*
polygons in a thres-dimensional space. Each polygon is
transformed mathematically according to the position and
orientation of the player. After being tested, to determine
whether it is visible and having the appropriate {llumination
function performed, it is clipped and projected oato the
display screen. These operations are in general use by the
computer graphics industry and are well known to those
possessing ordinary skill in the art.

The second sales brochure from Atari Games Cory. is for
a coin-operatsd game (Steel Talons) produced in 1991 and
which also relates to the ' 148 patent and the use of polygons
to represent terradn and other objects.

The 1993 patent to Dawson et al. (U.S. Pal No. 5,179,
638) shows a a method and apparatus for providing a texture
mapped perspective view for digital mep systems which
includes a geometry engine that recsives the elevation posts
scanned from the cache memory by the shape address
geoerator. A tiling engine is then used to transform the
elevation posts into three-dimensional polygons. There are 4
number of differences between the '638 patent and the
present invention: :

1. The '638 Patent is for a digital map system only. The
matter of how the Jocation and attitude are selected is
not addressed. The present invention uses a digital map
as part of 3 system for presenting an aircraft pilot with
a synthesized view of the world regardless of the actual
visibility. ) .

2. The "638 Patent stores the map as & collection of terrain
points with associated altitudes, thereby requiring 2
large amount of datz storage. The terrain points are
transformed into polygons during program run-time
thereby adding to the processing burden: The present
invention stores terrain data as & colleciion of polygons
which results in a significant reduction of data base
storage. .

3. The present invention also teaches the use of & stereo-
graphic head-mounted display with a head sensor. The
pilot is presented with a synthesized view of the world
that is responsive to wherever the pilot looks; the view
is not blocked by the cockpit or other aircraft structures.
‘This embodiment is not anticipated by the *638 patent.

The 1994 patent to Hamilton et al. (U.S. Pat. No, 5,296,
854) shows a helicopter virtual display system in which the
structual outlines correspording to structual members form-
ing the canopy structure are added to the head-up display in
order to replace the canopy structure clues used by pilots
which would otherwise be lost by the use of the head-up
display.

The 1994 patent to Lewins (U.S. Pat. No. 5,302,964)

16

13

20

shows a head-up display for an aircraft and incorporates a

4
cathode-ray tube image generator with a digital look-up
table for distortion correction. An optical system projects an
image formed on the CRT scréen onto a holographic mirror
combiner which is transparent to the pilot's direct view
through 1he aircraft windshield.

The sales brochure from the Polhemus company shows
the commercial availability of a position and orientation
sensor which can be used on a head-mounted display.

The article from EDN magazine, Jan. 7, 1993, pages
3142, entided “System revolutionizes surveying and navi-
getion” s an overview of how the global positoning system
(GPS) works and lists several manufacturers of commer-
cially available receivers. The article also mentions several
applications such as the use by geclogists to monitor fault
lines, by oil companies for off-shore oil explorations, for
keeping track of lower-orbit satellites, by fleet vehicle
operators to keep track of their fleet, for crop sprayers (o
spread fertilizer and pesticides more efficiently, and for
in-car systems to display maps for automotive navigation.

The section from “Aviator's Guide to GPS" presents a
history of the GPS program.

The sales brochure from Megellan Systems Corp. is for
commercially available equipment comprising 8 GPS
receiver with a moving map display. The map that is
displayed is a flat map.

The sales brochure from Trimble Navigation is for a
commercially available-GPS receiver.

The sales brochure from the U.S. Geological survey
shows the availability of Digital Elevation Models for all of
the United States and its territories.

The second sales brochure from the U.8. Geologicel
survey shows the availability of Digital Line Graph Models
for all of the United States and its territories. The data
includes: political and administrative boundaries; hydrogra-
phy consisting of all flowing water, standing water, and
wetlands; major wansportation systems consisting of roads
and trails, railroads, pipelines, transmission lines, and air-
ports; and significant manmade structures.

The Washington Sectional Aeronautical Chart iy a paper
map published by the U.S. Department of Commescs,
National Ocesnic and Atmospheric Administration that
shows the complexity of the information that an aircrafi pilot
noeds in order to fly in the area covered by the map. The
other areas of the U.S. are covered by similar maps.

The sales brochure frem Jeppesen Sanderson shows that
the company makes its navigation data base available in
computer readable form.

Accordingly, several objects and advantages of my inven-
tion are to provide a system that produces a mathematically
correct three-dimensional projected view of the terrain while
reducing the amount of storage required for the data base
and which can be accomplished by using standard commer-
cially availshle components, The invention can be used as a
real-time inflight aid or it can be used 1o preview a flight, or
it can be used to replay and review a previous flight.

Further objects and advantages of my invention will
become apparant from a consideration of the drawings and
ensuing description.

SUMMARY OF THE INVENTION

The present iivention is a pilot aid which uses the
aircraft’s position and actitude to transform data from. e
digital data base to present a pilot with a synthesized
three-dimensional projected view of the world, The three-
dimensional position is typically determined by using the
output of a commercially available GPS receiver. As a sefety
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check, the altilede calculated by the GPS receiver can be
compared to the output of cither a standard altimeter or &
radio altimeter. Attitude can also be determined from the use
of a GPS receiver or it ¢an be derived from standard evionic
Instruments such as turn-and-bank indicator and gyrocom-
pass. The digital data base represents the termain and man-
made structures as collections of polygons in order to
minimize storage requirements. Ths pilot can select several
feature such as pen, ti, and zoom which would allow ihe
pilot to see a synthesized view of terrain that would other-
wise be blocked by the aircraft’s structure, especially on a
low-wing aircraft. The pilot can also preview the route cither
inflight or on the ground, Because the system has the ability
10 save the flying parameters from a flight, the pilot can
replay all or part of & previous flight, and ¢an even take over
during the replay to try out different flight strategies.
Through the use of a head-mounted display with a head
scnsor, the pilot can have complete range of motion to
receive a synthesized view of the world, completely unhin-
dered by the aircraft structure.

' DESCRIPTION OF THE DRAWINGS

PIC. 1 is a block diagram showing the output to & single
video display.

FIG. 2 is a block diagram showing the output to a
head-mounted display.

FIG. 3 is a block diagram showing a system used to plan
and/or replay 4 particular flight.

FIG. 4 is a block diagram showing Computer 107 and
Graphics System 108 in FIG. 1, FIG. 2, and FIG. 3.

FIG. 5a shows a simple posuive (counter-clockwise)
rotation of a point around lhe origin of & ?.-Dirm:nsional
space.

FIG. 5b shows a sccond posiuve (cmmtemlockm)
rotation of & point around the origin of a 2-Dimensional
space. .

FIG. 6a shows the equivalent three dimensional space of
FIG. 5a where the rotation is around the Z axis.

FIQ. 6b is a re-orlentation of the axes of FIG. Ga showing
rotation around the Y axis.

FIG. 6c is a re-orientation of the axes of FIG. 6a showing
rotation around the X axis.

FIG. 7a is a side view showing the projection of a point
in three-dimensions projected omo a two-dimensional
creen.

FIG. Thisa top view showing the project{oa of e point in

three-dimensions projected onto a two-dimensional screen.

FIG. 8a is & cabinet-projected three-dlmcnuonal reprc
sentation of the viewing pyramid. .

FIG. 8b {3 a 2D top view of the viewing pymmul

FIG. 8¢ is a 2D side view of the viewing pyramid.

FIQ. 9a shows an uaclipped polygon.

FIG. 9b shows how clipping the polygon in FIG. 9a

produces edditional sides to the polygon.

FIG. 102 shows the impending crossover from Geo-
graphic Data Block 21 to Geographic Dats Block 22.

FIG. 10b shows the result of a crossover from Geographic
Data Block 21 to Geographic Data Block 22,

FIG. 1la shows the impending crossover from Geo-
grsph:c Data Block 22 to Geographic Data Block 32,

FIG. 115 shows the result of & crossover from Geographic
Data Block 22 to Geographic Data Block 32,
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FIG. 124 through FIG. 12f, and FIG. 134 through FIG. 13
show the procedure for generating the polygon data base
from the Digits! Elevation Model data.

DETAILED SPECIFICATION

FIG. 1 shows the basic form of the invention. GPS
Receiver 101 receives signals from the sateliites that make
up the global positioning system (GPS) and calculates the
aircraft's position in three dimensions. Altimeter 104 pro-
vides an output of the aircraft’s altitude as a safety check in
the event GPS Receiver 101 malfunctions. Turn-and-bank
Indicator 102 and Gyrocompass 103 provide the aircraft’s
attitude which comprises heading, rofl, and pitch. CD-ROM
Data Base 105 contains the digital data base consisting of
three-dimensiona! polygon data for terrsin end manmade
structures,

Computer 107 is shown in more detail in FIG, 4 and uses
commercially available integrated circuits including proces-
sor 404, the MPC601, from Motorola Semiconductor Inc.
The MPC601 is a fast 32-bit RISC processor with a floating
point unit and a 32K Byte cight-way set-associative unified
instruction and dats -cache. Most integer imstructions are
executed in one clock cycle. Compilers are available for

. ANSI standard C and for ANSI standard FORTRAN 77,

Computer 107 also containg ROM 405, RAM 406, Avionics
Interface 401, CD-ROM interface 402, Control Pane! Inter-
face 403, Graphics Systems Interface 407, and -Hard Drive
Interface 408.

Computer 107 uses the aircrafi's position from GPS
Receiver 101 to look up the termain and manmade structure
data in CD-ROM Data Base 105, This data is organized in
geographic blocks and is accessed so that there s always the

proper data present. This is shown in FIG. 10a. FIG. 105 -

shows that when the aircraft crosses from Block 21 to Block
22, the data from Blocks 10, 20, and 30 are discarded and
data from Blocks 13, 23, and 33 ere brought in from
CD-ROM Data Base 105. FIG. 11a and FIG. 115 show the
aireraft crossing from Block 22 to Block 32

Computer 107 uses the dircraft's position from GPS
Receiver 101 and attitude information from Tumn-and-bank
Indicator 102 and Oyrocompass 103 1o mathematcally
operate on the terrain and manmade structure data to present
three-dimensional projected polygons to Graphics System
108. As shown in FIG. 4, Graphics System 108 consists of
a commercially aveilable graphics integrated circuit 409, the
86C805, made by S3 Incorporated. This integrated circuit
contains primitives for drawing lines in addition to the
standard SVGA graphics funciions. The 86C805 controls
DRAM 410 which is the video memory consisting of two
buffers of 1024768 pixels, each of which is § bits deep. The
video to be displayed from DRAM 410 is sent to RAMDAC
411 which is an integrated circult commercially available
from several manufacturers, such as Brooktree and AT&T,
RAMDAC 411 contains a small RAM of 256x24 bits and
three 8-bit DACs, The RAM section is a color table pro-
gramimed to assign the desired color to each of the 256
combinations possible by having 8 bits/pixel and is com-
bined with three video DACs, one for each coior for Video
Display 109,

Yideo Display 109 is a color video display of conven-
tional design such as & standard CRT, an LCD panel, or a
plasma display panel. The preferred size of Video Display
109 is 19" although other sizes may be used.

-FIQ, 2 shows the use of the sysiem with Head Mounted
Display 201, Head Mounted Display Attitude Sensors 202
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provide Computer 107 with the odentation of Head
Mounted Display 201, This orientation is concatenated with
the alrcraft's orientation provided by Turn-and-bank Indi-
cator 162 and Gyrocompass 103, As a consequence the pilot
can tumn his or her head and view the three-dimensional
synthesized view of the transformed terrain and manmade
structure data unhindered by the aircreft's structure, With the
appropriate sensors for enpines, fuel tanks, doors, and the
like, the pilot can be presented with synthesized represen-
tations of these objects in their correct locations. For
example, the pilot would be gbie to ‘look" at a fue] tenk and
‘see’ if it is running low. The pilot would alsc be able to ‘see’
if there is a problem with an engine and, on multi-engine
sircraft, identify which one. By using a technique similar to
that taught in the 1992 patent to Fraughton et al, (U.S. Pat
No. 5,153,836) where each aircraft determines its own
position using LORAN or GPS and transmits it on a radio
channel elong with the aircraft’s identification information
$0 that each craft also receives the radio channe] snd can
thereby determine the position and jdentification of other
craft in the vicinity, these other aircraft can be presented in
the present invention as three-dimensional objects in their
cotrecl positions Lo alert the pilot to their presence and take
evasive maneuvers as required,
_ Hard Disk Drive 110 is for recording the aircraft's posi-
tion and orientation data for later playback in order to review
the flight. Because the information presented on Video
Display 109 is a function of the aircraft’s position and
orientation data applied to the CD-ROM Data Base 108, it
can be reconstructed later at any time by storing just the
aircraft's position and orientation data and applying it again
to CD-ROM Data Base 106, as long as the data base is still
available, The -aircraft's position and orientation data
requires fewer than 100 byles. By recording it every 0.1
seconds, an hour requires about 3.6 Megabytes of siorage.
(100 bytesfupdatex]( updates/secondx60 seconds/minx60
minutes/hoursabout 3.6 Megabytes) Therefore, a standard
340 Megabyte. hard drive would store about 94 hours of
operation.

A method for previewing a route that has not been flown
before is shown in FIG. 3. GPS Receiver 101, Tum-and-
bank Indicator 102, Gyrocompass 103, and Altimeter 104
are replaced by User Flight Controls with Force Feedback
301 and Aerodynamic Model Processor 302, Acrodynamic
Model Processor 302 is a processor that implements the
- aerodynamic mathematical model for the type of aircraft
desired. It receives the user inputs from User Flight Control
with Force Feedback 301, performs the mathematical cal-
culations to simulate the desired aircraft, and supplies output
back to the Force Feedback part of the controls and to
Computer 107, The ourputs supplied to Computer 107
simulate the outputs normally supplied to GPS Raceiver
101, Turn-and-bank Indicator 102, Gyrocompass 103, and
Alrimeter 104, In this way, Computer 107 exscutes exactly
the same program that it would perform in the in-fiight
system. This permits the pilot to practice flying routes that
he or she has not flown before and is particularly useful in
practicing approach and landing at unfamiliar eirports. This
system does not need to be installed in an alrcrafl; it can be
installed in any convenicnt location, even the pilot’s home.

Control Panel 106 allows the pilot to select different
operating features. For example, the pilot can choose the
‘look angie’ of the display (pan and tilt). This would allow
the pilot to sec synthesized terrain coresponding to real
terrain that would otherwise be blocked by the aircraft's
structure like the nose, or the wing on a low .wing aircraft,
Another feawre is the zoom function which provides mag-

nification, Another feature is to permit the pilot to select a
section of the route other than the one he or she is on, for
example, to preview the approach to the destination airport.

MATH INTRO

The math for the present invention has been used in the .
field of coin-operated video games and in traditional com-
puter graphics,-However, since it has not been well docu-
mented, it will bie presented here. The basic concept assumes
the unit is a simulator, responsive to the user's inputs. It is
a short step from that to the present invention where the
inputs represent the physicel Jocation and attitude of the

The steps required 1o view a 3D polygon-based data base
are:

1. Transformation {trenslation and rotation as required)

2. Visibility and illumination

3, Clipping

4. Projection

In this geometric model there is an absolute Universe
filled with Objects, each of which is free io rotate and
translate, Associated with each Object is an Qrthonormal
Matrix {i.e. a set of Orthogonal Unit Veclors) thal decribes
the Object's orientation with respect to the Universe.
Because the Unit Vectors are Orthogonal, the Inverse of the
matrix is simply the Transpose. This makes it very easy 10
change the point of reference, The Object may look at the
Universe or the Universe may look at the Object. The Object
may look at-another Object after the appropriate concatena-
tion of Unit Vectors. Each Object will always Roll, Pitch, or
Yaw arcund fts own axes regardless of its current orientation
without using Euler angle functions.

ROTATIONS

The convention used here is that the Z axis is straight up,
the X axis iy straight ahead, and the Y axis is to the right.
ROLL is a rotation around the X axis, PITCH is a rotation
around the Y axis, and YAW is a rotation around the Z axis,

For a simple positive (counter-clockwise) rotation of a
point around the origin of a 2-Dimensional space:

X'=X*C0S5(a)-Y*SIN(a)

YoX*SIN(a}+¥*COS{a)

. ‘Ses FIQ, 5a.

35

65

If we want to rotate the point agein there are two choices:

1. Simply sum the angles and rotate the original points, in
which case:

| XX*COS (w1 SINa+5)
Y'uX*SIN{a+b}+ 1*COS(a+b)

2. Rotate X', Y' by engle b:
X wX"*COS(b)-Y*SIN(b)
M"Sm(b)-l-Y"'COS(b)‘

See FIG. 5b.

With the second method the errors are cumulative. The
first method preserves the accuracy of the original coordi-
nates; pafortunately it works only for rotations around a
single axis. When a series of rotations are doge together
around two or three axes, the order of rotation makes a
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diffcrence. As an example: An airplane always Rolls,
Pitches, and Yaws according to its own axes. Visualize an
airplane suspended in air, wings straight and level, nose
pointed North. Roll 90 degrees clockwise, then pitch 90

"degrees “up”. The nose will be pointing East. Now we will
start over and reverse the order of rotation. Start from

straight and level, pointing North, Pitch up 90 degrees, then
Roll 90 degrees clockwise, The nose will now be pointing
straight up, where “up” is referenced to the ground. If you
have trouble visualizing these motions, Just pretend yom
hand is the airplane.

‘This means that we cannot simply keep & running sum of
the angles for each axis. The standard method is to use
functions of Euler angles. The method 10 be described is
easier and faster to use than Euler angle functions.

Although FIG. 5a represents & two dimensional space, it
is equivalent to  thres dimensional space where the rotation
is around the Z axis. See FIG. 6a. The equations are:

X' = X*C03(z0) ~ Y*SIN(zn) R Equation |
¥ = X*SIN(za) + Y*COB(za)

By symmetry the other equatioﬁ are:

Z = Z*COS(ya) - X*SIN(ya) Equation 2

X w Z*SIN(ya) + X*COS(ya)

f: FIG. 6b.

r = Y*COS{xa} ~ Z*SDN(xa) Equation 3
Z = Y*SIN(xa) + 2*COS(xa)

See FIG. 6, .

From the ship's frame ot' reference il is at rest; it is the
Universe that is rotating. W can either change the equations
to make the angles negative or decide that positive rotations
are clockwise. Therefore, from now on all positive rotations
are clockwise.

Consolidating Equations 1, 2, and 3 for a motion consist-
ing of rotatons za (around the Z axis), ya (around the Y
axis), and xa (around the X ax{s) yields:

X'=X*[COS(y2)*COS(za)]+Y *[-COS(ya)*SIN(za)]+Z*

(SIN(y2)]

Y‘-—X‘[SlN(xa)'SlN(yn)'COS(za}rCOS(xa)*SIN(za)]-r

Y*[-SIN(xa)*SIN(ya)*SIN(za)+COS(xa)*COS(za))+
Z*[-SIN(xa)*COS(ya)}
Z'wX*[~COS(xa)*SIN(ya}*COS(za)+SIN(xa)*SIN(za}]
+Y*#[COS(xa)* SIN(ya)* SIN(za)+SIN(xa)*COS(za) 1+
Z*[COS(xa)*COS(ya)l
{The asymmetry in the equations is another indication of the
difference the order of rotation makes.) .

The main use of the consolidated equations is to show that

any rotation will be in the form:

XwAr*X+Bz Y+ Cx*Z
YAy X+By*V+Cy*Z
ZRALN+ B (2

If we start with three specific points in the initial, absolute
coordinate system, such as:

Px=(1,0,0)

Py=(0,1,0)

Pz=(0,0,1)
after any number of arbitrary rotations,

Px'=(XAYAZA) ’

Py'=(XB,YB.ZB)
* P2=(XC,YC,ZC)

5
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By inspection:

XA = Ax XB=Bx XC=Cx
YAnAy Y8 =By ¥CuCy
AmAr Zh= By ZCu(y

Therefore, these three points in the ship's frame of .
reference provide the coefficients to transform the absolule
coordinates of whatever is in the Universe of points. The
ghsolute list of points is jtself never changed 80 it is never
lost and errors are not cumulative, All that is required is to
calculate Px, Py, and Pz with sufficient accuracy. Px, Py, and
Pz can be thought of as the axes of a gyrocompass or 3-axis
stabilized platform in the ship that is always oriented in the
original, absolute coordinate system.

TRANSLATIONS

Trans]ations do not affect any of the angles and therefore
do not affect the rotation coefficients. Translations will be
handled as follows: .

Rather than keep track of where the crigin of the absclute
coordinate system is from the ship's point of view (it
changes with the ship's orientation), the ship's location will
be kept track of in the absolute coordinate system,

To do this requires finding the inverse wransformation of
the rotation matrix. Px, Py, and Pz are vectors, each with a
length of 1.000, and each one orthogonal to the others.
(Rotating them will not change these properties.) The
inverse of an orthonormal matrix (one composed of orthogo-
nal unit vectors like Px, Py, and Pz) is formed by transposing
rows and columns, )

Therefore, for X, Y, Z in the Universe's reference and X',
Y', Z' in the Ship's reference:

SHEzE]-
HEEE]

G oG
The ship’s X unit vector (1,0,0), the vecior which, according
10 the ship is straight ahead, transforms to (Ax,Bx,Cx). Thus
the position of the ship in werms of the Universe’s coordi-
nates can be determined. The complete transformation for
the Ship to look at the Universe, taking into account the
position of the Ship: For X,Y,Z in Universe reference and X',

Y', Z' in Ship's reference
Ax 8: Ct X-XT
= | y-yr
Az Bz Q 2-2zr

INDEPENDENT OBJECTS

To draw objects in a polygon-based system, rotating the
vertices that define the polygon will rotate the polygon.

The object will be defined in its own coordinate system
(the object ‘Tibrary™) and have associated with it a set of unit
vectors, The object is rotated by rotating its unit vectors. The
object will also have a position in the absolute Universe.

L B B SR YR
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When we want to look at an object from any frame of
reference we will transform each point in the object’s library
by applylng & rotstion matrix to place the object in the
proper orientation, We will then apply & translation vector to

place the object in the proper position. The rotetion matrix 3

is derived from both the object’s and the observer's unit
vectors; the translation vector is derived from the object’s
position, the observer's position, and the observer's unit
vectors,

- The simplest frame of reference from which to view an
object is in the Universe’s reference at (0,0,0) locking along
the X axis. The reason is that we already have the rotation
coeficients to ook at the object. The object's unit. vectors
supply the matrix coefficients for the object to look af
(rotate} the Universe. The inverse of this matrix will allow

" 5,566,073
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ship 2
x A2 A Ad x xn
Y |=|8x2 B2 82 |*] v |+] M
z o2 o O 2z n

" Ship 1 looks a1 the Universe looking a1 Ship 2:
10

* ‘a1 Ba cn ] [x-wm EQUATION 10
ri= lag a o [sfr-m
z A0 Bzt Cit | [ Z-zn
a1 B o] Ix Axl Bl Cxl X7
o Ayl Byl on |*]r j-lat Byl O |*|MmM
Al Bl Cil z Al 8l G n
b 25 = .
the Universe w look at (rotate} the ObJOCL As discussed Expand;
previously, the unit vectors form an Orthonormal matrix; its
inverse is simply the Transpose. After the object is rotated, Axl Brxl Cxl X Ax) Bzl Cxl
it is translated to its position (its position according to the A Bl o l*|ry |=|an 8 on
Universe) and projected. More on projection later, 30 Azl Bu C€al z Azl B Cal
A consequence of using the Unit Vector method is thai,
whatever orientation the object is in, it will always Roll, A2 B2 O2 X
* Pitch, and Yaw according to ITS axes. Mt B2 op ¥
For an object with unit vectors: . A2 BR C2 z

Ar & O Using the Distributive Law of Matrices:

FEH

Ay By Oy

At B Gt Axl Brt Cxl Axd A2 A2 X
and abolue posiion [XT,YTZT],and [X YZ) apointfrom “ *{ 1 D1 47} | 28, &7 20 47y v g
the object’s library, and (X,¥'ZTin the Universe's refer. L4 B o

ence, The Universe looks at the object:
X Ax Ay Az X XT
v |=|8 8y 8¢ [*{Y|+]rT
r z| |z

& &y &

- For two ships, each with unit vectors and positiona:

o

]

Using the Associative Law of Matrices:

Azl Bxl

Gl Ax2

Bxl

Arl Bx1 Gxl

Ayl Byl Oyl
Azl Bl Crl

|

AR A
Y

J'[

x!

[ At B o |

Al Bl ooy
4 Ba cn |

{XT1.¥T.2T1) Ship 1

(A2 B Cx2 ]

A2 B oy
|42 82 Ca |

Ship 1 Usit Voctors
Position

Ship 2 Unit Vectors

Ayl Byl ¢yl
A7l B O

{

55

Byz B2

1

S o2 o

Ax]  Bxl
Ayl Byt

Azl Bl

Substituting back into Equation 10 gives;

(XT2,¥T2,212) Ship 2 Pasition

3

Axl  Bxl
Ayt Byl

Byl

Azl

Brl

(m Ay aa}
B2 B2 B

Transpose (Inverse) of
Ship 2 Unit Vectors .

[ c2 02 ca

(X.Y,Z) in Ship 2 Ubrary, (X"Y',2) in Universe Refer-
eace, and (X",Y",Z") in Ship 1 Reference Universe looks at

Arl Byl Ol
Ayl Byt Oyl

Cxl

Cyl
(1]

)

cxt ]

|

Cyl

Cal |

zi

Al A AR
& Bz B2

)\

|

G Oy (a2

Axl  Bxl

Ayl

Byl

Cet ]

on

o
.

E

le

Ctl

EHE

B2t Cid J

XT2

m
zrz

|

X2

-
r v
N o 3¢
| S




-2. Therefore the transformation to be applied to Ship 2's

5,566
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Therefore:
. EQUATION 11
x Azl By Cxl m A2 A
v = [an 8n am sal||*
z Al Bzl c:z o ca
Al B Ca | [an-xn
r +|an 8 op 2-1m1
z| |40 B2 en m-zn
Now lat:

EQUATION iz
ar 8r o) [an a0 o A &2 on
A!B?Q'Jylﬂﬂcﬁ *fAl B o;n
A Br 81 cCu A2 M2 Ca.

This matrix reprcsants the orientation of Ship 2 according
to Ship 1's frame of reference. This concatentation needs to .
be done only once per update of Ship 2

Also let;
BQUATION 13
axl Gl XT2-XT1
[n_zr] | 8y O |*l Mm-yn B
Bl Cr 1 -2T1)

(XT.YT,ZT) is merely the position of Ship 2 in Ship 1's
frame of refcrence,

This also needs to be done only once per update of Ship 0

l:brnry will be of the form:
EQUATION 14

x A Bt o xV [xr
rolelan s o [*]r [+ 3
T Al Bl Gl z] |z

Therefore, every object has tix degrees of freedom, and any
object may look at any other object.

&

SUMMARY OF TRANSRORMATION ALGORITHMS:
Define Unit Veetors: |Px| = {AzAy.Ag)

{Py)= (B2.8y.B2)

Sniuntize: Axaly-&l:'il.;os&'q'm
Ay-&-h-ﬂ;a&.@.o
If Roll;

Ay = Ay * COS(xa) - Ag *S5INza)
AT = Ay * SIN(xa) + At * COS(xa)
By = By % COS(xe} ~ Bz * SIN(xa)
By’ = By * 5IN(xa) + By % COS(xq)
Cy = Cy * COS(xa) — Ct * $IN(xa)

"mgll:"'@ * SiN(xa) % Cz * COS(xa)

Az = Az * COS(ye) = Ax * SIVya)

A=Az *SiNGa)+ Ax *COSGR)” - 55
Be'= 8¢ * COStya) - Bx * SINa)

B8x’ = By * SIN(yo)+ Bx * COS(ya)

Ct'= Cx * COStya) - Cx * SiN(ya)

Cx'm O+ 5 +Cx * CO.
I Nya} ya) ©

AY' mAx * COS(2a) = Ay * SIN(za)

Ay = Ax * SIN(a) + Ay * COS(z8)

Br' = Bx * COS(za) - By * §iM(za)

By = Bx *5IN(za) + By * COS(z0) .

G2 = Cx * COS(za) - Cy * SIMza) . 65
€y = Cx * $1N(xa) + Cy * COS(xa) '

43
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. ~continued
SUMMARY OF TRANSFORMATION ALGORITHMS:

('za', 'ya’, and ‘xa' are incremental rotations.}

s The regultant unit vectors form a transformation matrix. For

X Y Z in Universe reference and X', Y, Z‘ in Ship's

Al Bxl Cxl x

= Ayl Bt ooy |y
Bl cat | jz)]

Bl Gl x ]

r - Ayl Bl on |*| »r
ﬂ:l Czl Z'

The ship's x unit vector, the vector wl'uch according to the
ah:p is straight ahead, transforms to (Ax,Bx,Cx), Fora sl'up

2 in free space, this is the acceleration vector when there is

forward thrust. The sum of the accelerations determine the

velocity vector and the sum of the velocity vectors deter-

*mine the position vector (XT,YT.ZT). For two. ships, each
with unit vectors and pomtions

Axl B ]
Ayl Byl Cyl | Ship | Unit Vectors
[ A2] B Col

T.ITLZTY

[ Azt Bx1 a1 ]
Ayl Byl Cyl | Ship2Unit Veclons
.Az! Bl € J

(XT2,YT2.2T2)

Ship | Posidon

Ship 2 Position

Ship 1 Jooks at the Universe;

X Axd Bxl Cxl X-XT
Yoy=| & B Ot [*]¥-IT
z Azl Brl cCul Z-2r

(X,Y.Z) in Unlverse
(X, ¥'".Z) in Ship 1| frame of reforence

Ship 1 looks ar Ship 2:

Ax Bx Cx Axl  Bxl Cxl Ax2 B2 (a2 |,

Arhq'drlﬂrlﬁl‘ﬂﬂmm
A B G B ¢ | |42 B2 ca
{Ship 2 orlentation relative 10 Ship 1 erientation)

Axl  Bxl Ql XT2-XT}

- Ayl Byl . | -
B Czl In-2n
(Ship!pot{minﬂnpl‘lfcmorufmm)

X Ax Bx Cx X xr
Y |=|Ay By Cy |*| ¥ |+]|IT
z Az B: z r
(X.X.Z) in Ship 2 Ubrary

(X,¥.Z) io Ship | veferencs

VISIBILITY AND ILLUMINATION
After a polygon is trahsformed, whether it is a terrain

* polygon or it belongs to an independently moving object
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such 2 another aircraft, the next step is to determine its
illumination value, if indeed, it is visible at all.

Associated with each polygon is a vector of length | that
is normal to the surface of the polygon, This is obtained by
using the vector crossproduct between the vectors forming
any two adjacent sides of the polygon. For two vectors
Vi=(x1,yl,z] and V2x=[x2,y2,22] the crossproduct VIxV2
is the vector [{yl*z2-y2%z1),~(x1%22-x2*z1),(x]1*y2~
x2*y1)], The vector is then normalized by dividing it by its
length, This gives it a length of 1. This calculation can be
done when the data base is generated, becoming part of the
data base, or it can be done during program run time. The
tradeoff is between data base size and program execution
tima, In any event, it becomes part of the transformed data.

After the polygon and its normal are transformed to the
aircraft's frame of reference, we need to calculate the angle
between the polygon's normal and the vector from the base
of the normal to the aircraft. This is done by taking the

- vector dot product. For two vectors Vi={x1,yl,z1] and

V2=(x2,y2,22], V1 dot V2alength(V1)*length(V2)*cos(a)
and is calulated as (x1*x2+y1*y2+z1*322), Thercfore:

costg) m LR +Y1 ¢ : 1*
A cosine that is negative means that the angle is between 90
degress and 270 degrees. Since this angle is facing away
from the observer it will not be visible and can be rejected
and not subjected to further processing. The actual cosine
value can be used to determine the brightness of the polygon
for added realism.

CLIFPING

Now that the polygon has been transformed and checked
for visibility it must be clipped so that it will properly fit on

the screen afier it is projected. Standard clipping routines are

well known in the computer graphics industry. There are six
clipping planes a3 shown in the 3D representation shown in
FIG. 8g . The 2D top view is shown in FIG, 8b, and the 2D
side view is shown in FIG. 8¢, It should be noted that
clipping 'a polygon may result in the creation of addition
polygon sides which must be added to the polygon descrip-

. tion sent to the polygon display routine,

PROJECTION

As shown in FIG. 7a, X' i3 the distance to the point along
the X axis, Z' is the height of the point, Xs is.the distance

. from the eyepoint to the screen onto which the pointis 1o be

projected, and Sy is' the vertical displacement on the screen.
Z7X' and Sy/Xs form similar triangtes so: 2/X'=8y/Xs,
therefore  Sy=Xs*Z/X'. Likewise, Y/X=Sx/Xs 30
Sx=Xs*Y'/X’ where Sx is the horizontal dispiacement on the
screen, However, we still need 1o fit Sy and Sx Lo the monitor
display coordinates. Suppose we have a screen that is 1024
by 1024. Each axis would be plus or minus 512 with (0,0)
in the center, If wé want a 90 degree field of view (plus or
minus 45 degrees from the center), then when a point has
Z/X'=1 it must be put at the edge of the screen where its
value is 512. Therefore Sy=512*Z/X', (Sy is the Screen
Y-coordinate), Therefore:

Sy=K*Z'/X' Sy is the vertical coordinste on the display
Sx=K*Y/X' 8x is the horizontal coordinate on the display
K is chosen to make the viewing angle fit the monitor

coordinates. If K is varied dynamically we end up with &.

zoom lens effect. And if we are clever in implementing the

5,566,073
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divider, K can be performed without having to actually do a
multiplication.

THE DATABASE

The data base is generated from several sources, The U.S.
Geological Survey (USGS) makes available various data-
bases, two of which are of particular interest, The first is the
Digital Elevation Modet data which consist of an array of
regularly spaced terrein clevations. This data base is con-
verted into a datz bass containing polygons (whose vertices
gre three-dimensional points) in order to maximize the
geographic area covered by CD-ROM Data Base 105 and
also to reduce the amount of mn-time processing required of
Computer 107. This is possible because there are large areas
of terrain that are essentially flat. Note that Aat does not
necessarily mean level. A sloping area is flat without being
level.

The Digital Elevation Mode! data clevations are spaced
30 meters apart. 30 meters=30mx39.37 in/mx! 12
in=98.245 f. A linear mile contains 5,280 fmix] deta
point/98.245 1=53,65 data points/mi. Therefore, 2 square
mile containg 53.65x53.65=2878 data points. California has
& total area of 158,706 square miles which requires 158,
T06x%2878=456,755868 -data points. Since this figure
includes 2,407 sq mi of inland water areas, thers are 2407%
2878=6,927,346 data points just for inland water. The U.S.
has & total area of 3,618,773 square miles which requires
3,618,773x2878=10,414,828,694 data points. This figure
includes 79,434 sq mi of inland water areas requiring’
79,484x2878=228,754,952 data points just for inland water.

The polygon dala are organized in geographic data blocks.
Because the amount of data in each geographic data block
depends on the number of polygons and because the number
of polygons depends on the flatness of the terrain, the size
of each geeg:aphic data block is variable. Therefore, an
address table iy maintained that contains a pointer 1o each
geographic data block. The first choice is 10 decide on the
geogrephic area represented by the block. For the present
invention the size is 20 mix20 mi=400 sq mi. Therefore, the
polygon data base for California requires 158,706 sq mix1
block/400 sq mi=397 geographic data blocks. The number of
polygons in a given geographic data block depends on the
fatness of the terrain and what we decide is ‘fat’. The
deifinition of ‘flatness’ is that for a polygon whose vertices
ars three-dimensional points, there will be no elevation
points that are higher than the plane of the polygon and there
will be no elevation points that are below the the piane of the
polygon by a distance called the Error Factor, A small Error
Factor will require more polygons to represent a given
terrain than will a large Error Factor. A small Error Factor
wilt also generate the terrain more eccurately. The Error
Factor does not have to be the same for all Geographic Data
Blocks, Blocks for arcas of high interest, like airports and
surrounding arems can be generated using a small Error
Factor in order to represent the terrain more precisely. The
present invention uses an Error Factor of 10 ft for areas
surrounding airports and 50 ft for all other areas.

A procedure for generating the polygon data base from the
Digital Elevation Model data is demonstrated in FIG. 12a
through FIG. 12f and FIG. 13a through FIG. 13f. We start
with three poiats which define a polygon and which has a
surface. We select the next elevation point and decide if it
belongs in the polygon accordinng to the ¢iteria previonsly
discussed. If it does, it gats added to the polygon. If not, not.
We then test additional adjacent points unti! we run out.
Then we start over with another three points.
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When we are done generating polygons for-a Geographic

Data Block we go back and examine them; any polygon that
is 'too big' is broken down into smaller polygons. This is to

make sure there are always enough poiygons on the screen -

to provide a proper reference for the pilot. (A single large
polygon on the screen would not have any appareat motion.)
Finally, the polygons are assigned colors end/or shades so
that adjacent polygons will not blend into each other.

‘The other USGS data base used is the Digita! Line Graph
data which includes: ‘political and administrative bound-
aries; hydrography consisting of all lowing water, standing
water, and wetlands; major transportation systems consist-
ing of roads and trails, railroads, pipclines, transmission
lines, and airports; and significant manmade structures. The
Digital Line Graph data is two-dimensional. In the present
invention features such as water, roads, railroads, and pipe-
lines are represented 23 polygons with elevations determined
from the Digilel Elevation Mode! deta. Transmission lincs
and significant manmade structures are defined as three-
dimengional objects made of polygons and are placed
according to the elevations determined from the Digital
Elevation Model data, The different types of objects are
1agged so that by nsing Control Panel 106 the pilot can select
them to be highlighted by category or by specific object. For
example, the pilot can choose to have all airports highlighted
or just the destination airport. The pilot can also choose to
have a specific highway highlighted.

Daia from additional digital data beses can also be incor-
porated. An example of such a data base is from Jeppesen
Sanderson whose NavData Services division provides acro-
nautical chats and makes this information availsble in
digital form,

While preferred embodiments of the present invention
have been shown, it is to be expressly understood that
modifications and changes may be made thereto and that the
present invention i3 set forth in the following claims.

1 claim: .

1. A pilot aid which uses an aircraft’s position and attitude
to transform data from a digital data base to present a pilot
with a synthesized three dimensional projected view of the
world comprising:

10

13

25

30

33

a position determining system for locating said aircraft's

position in three dimensions;
& digital deta base comprising terrain data, said terrain
data representing real terrestrial terrain as at least one

45

polygon, said terrain deia generated from elevation data

of said real terrestrial terrain;

an attitude determining system for determining said air-
craft’s orientation in three dimensional space;

a computer to access said terrain data according to said
airerali’s position and to transfoim said terrain data to
provide three dimensional projected image dats accord-
ing to sald aircraft's orientation; and

a display {or displaying said three dimensional projected
image data.

2. The pilot aid of claim 1, whergin said position deter-

mining sysiem comprises a standard system for recejving
‘and processing data from the global positioning system,

3, The pilot aid of claim 1, wherein seid attitude deter-

mining systcm comprises a standard avionics system.

4. The pilot aid of claim 1, wherein said digital data base

comprises a cd rom disc and cd rom drive.

5. The pilot ald of claim 1, further comprising a control

pantl to select at least one operating faature,

6. The pilot aid of claim 5, wherein said at least one

operating feature comprises at least one feature selected

%
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from a group consisting of panning a viewpoint of said three
dimensional projected image, tilting a viewpoint of said
three dimensional projected image, zooming a viewpoint of
said three dimensional projected image, and providing a
three dimensional projected image of a route ahead.

7. The pilot aid as described in claim 1 wherein said
digital data base further comprites structure data, said struc-
fure date representing manmade sinictures as one or more
polygona.

8 The pilot aid as described in claim 1 wherein said
elevation data comprises an array of elevation points,
wherein each said polygon representing said terrain defines
a plane, wherein in a first region of terrain represented by
said at least one polygon each elevation point within each
said polygon is within a first distance of said plane of each
said polygon.

9. The pilot aid as described in ciaim 8 wherein in a
second region of said terrain represented by said at least one
polygon each elevation point within cach said polygon is
within a second disiance of said plane of each said polygon
in said second region, said second distance different from
said first distance.

10. The pilot aid as described in claim 9 wherein no
elevation point within cach said polygon in said first region
and said second region is above seid plane of said polygon.

11. The pilot aid as described in claim B wherein no
elevation point within each said polygon in said first region
is above said plane of said polygon.

12. A pilot aid which uses an aircraft’s position and
attitude to transform data from a digital data base to present
a pilot with a synthesized three dimensional projected view
of the world comprising:

a position determining system for locating said aircraft’s

position in three dimensions;

a digital data base comprising terrain data, said terrain
data representing real terrestrial terrain as at least one
polygon, said terrain data generated from elevation data
of said real terrestrial terrain;

an attitude determining system for determining said air-
craft's orlentation in three dimensional spece;

4 computer to access sald terrain data according to said
aircraft’s position and to transform said terrain data to
provide three dimensional projected image data accord-
ing to said aircraft’s orientation; and !

8 mass storage memory for recording said aircraft position
data and said aircrafi’s atticude data for allowing a
flight of said aircraft over said terrain to be displayed at
a later time.

13, The pilot aid of claim 12, wherein said position
determining system comprises a standard system for receiv-
ing and processing data from the global positioning system.

14. The pllot aid ‘of claim 12, wherein said attitude
determining sysiems comprises a standard avionics sysiem.

18. The pilot aid of claim 12, wherein said digital data
base comprises a cd rom and & cd rom drive,

16. The pilot aid of ctaim 12, further comprising a control .

panel to select at least one operating feature,

17. The pilot aid of clalm 16, wherein said at least ons
opereting feature comprises at leasi one feature selected
from a group consiating of panning a viewpeint of said three
dimensional projected image, tilting a viewpoint of said
three dimensional projected image, zooming a viewpoint of
said three dimensional projected image, providing & three
dimensionsl projected image of a route ahead, and providing
a three dimensional projected {mage of & previous flight.

18. The pilot aid as described in claim 12 wherein said
digital data base further comprises structure data, said struc-
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ture data representing manmeade structures 88 one or more

)

1301)!98 The pilot aid as described in claim 12 wherein said
¢clevation data comprises an array of elevation points,
wherein each said polygon representing said terrain defines
a'plane, wherein in a first region of terrain represemed by
said at least one polygon each elevation point within each
said polygon is wmun a first distance of said plane of cach
said polygon.

20. The p1|ol ald as described in claim 19 wherein in a
second region of said terrain reprasented by said at leasi one
polygon each clevation point within cach said polygon is
within a second distance of seid ptane of each said polygon
in said second region, said second distance different from
said first distance.

21. The pilot aid as described in claim 20 wherein no -

elevation point within each said polygon in said first region
and said second region is above said planc of said polygon.

22. The pilot aid as described in claim 19 wherein no
¢levation poimt within each said polygon in said first region
is above said plane of said polygon.

23. A pilot aid which uses an aircrefi’s position and
attitude to transform data from a digital data base to present
a pilot with a synthesized three dimensional projected view
of the world comprising:

a position determining system for locating seid aircraft's

position in three dimensions;

a digital data base comprising terrain data, said terrain
datn representing real terrestrinl terrain as at Jeast one
polygon, said terrain data generated from elevauon data
of said real terrestrial terrain;

0

B

a first attitude determining system for determining said -

aircreft’s arientation in three dimensional space;
2 head mounted display worn by said pilot of said aircraft;

1 second aititude determnining system for determining the
orientation of said pilot's head in three dimensionat
space; and

2 computer to access said terrain data according to said
aircraft's position and to tranaform seid terrain data to
provide three dimensional projected image data to said
head mounted displsy according to said aircraft's ori-
entation and said pilot head orientation.

24, The pilot aid as described in claim 23 wherein said
digital data base further comprises structure data, said struc-
ture data representing manmade structures as one or more
polygons,

28, The piiot aid as described in claim 23 wherein sald
elevation dats comprises an armay of elevition points,
wherein each said polygon representing said temrain defines
a plane, wherein in a first region of terrain represented by
said at least one polygon each elevation point within each
said polygon is within a first distance of said plane of each
seid polygon.

26. The pilot aid as desciibed in claim 25 wherein n a
second region of said terrain represented by said at least one
polygon each elevation point within each said polygon is
within a second distance of said plane of cach said polygon
in said second region, said second distance different from
said frst distance.

27. The pilot aid as described in claim 26 wherein no
clevation point within each said polygon in said first region
and said second region is above said plane of said polygon.

. 28. The pilot aid as described in claim 25 wherein no
clevation point within each said polygon in said first region
is above said plane of said. polygon.

29, A method of using an gircrafi’s position and attitude
to transform data from a digital data base to present a pilot
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with a synthesized three dimensional pro;ected view of the
warld comprising;

locating said aircraft's position in three dimensions.

providing o data base comprising terrain data, suid terrain

data representing real terrestrial terrain as at least one
polygons, said terrain data generated from clevation
data of said real terrestrial terrain;

determining said aircraft’s orientation in three dimen-

sional space;

accessing said terrain data according to said aircraft’s

position;

transforming said terrain data to provide three dimen-

sional projected image data according to said mrcraﬂ'
orientation; and

displaying said three dimensional projected image data.

30. The method of claim 29 further comprising selecting
at least onc operating feature, wherein said st least one
operating feature comprises at least one featnre selected
from a group consisting of panning a viewpoint of said thres
dimensional projected image, tilting a viewpoint of said
thres dimensional projected image, zooming a viewpoint of
said three dimensional projected image, and presenting a
three dimensional projecied image of 4 route ahead.

31, The method as described in claim 29 wherein said
terrain data base is produced by a method comprising the
steps of:

providing a plurality of elevation points, each of said

plurality of elevation points representing an elevation
of a point on a terrain;
. defining a polygon having at least one vertex defined by

* at least one of said clevation points;

examining an adjacent one of said plurality of elevation
points to determine if expanding said polygon to en
expanded polygon to include said adjacent one of said
plurality of elevation points causes at least one of said
plurality of elevation points within said expanded poly-
gon not to be within a first distance of a plane of said
- expanded polygon; and

expanding said polygon to include said adjaceut one of
said plurality of elevation points if each of said eleva-
tion points within said expanded polygon is within said
first distance of said plane.

32. The method a3 described in ciaim 31 wherein at jeast
one additional adjacent one of said plurality of elevation
points is examined, and wherein said polygon is expanded to
include said at Jeast one additional one of said plyrality of
elevation poinis that does not ceuse any of said clevation
points within said expanded polygon not to be within said
first distance of said plane of said expanded polygon.

33. The method as described in claim 32 wherein said
polygon is stored in said terrain data base after all of sald
e!e;anon points adjacent to said polygon have been exam-
ine

34. The method as described in claim 32 wherein addi-
tional polygons are defined, :xpanded and added 1o said
terrain database.

35. The method as deacnbed in claim 31 whercin at lcast
one additional adfacent one of said piurality of elevation
points is examined, and wherein said polygon is expanded to
include said at Jeast one additional one of said plurality of
elevation points that does not cause any of said elevation
points within said ¢xpanded polygon to be above said plane
of said expanded polygon and does not cause any of said
clevation points within said expanded polygon not to be
within said first distance of said plane of said expanded
polygon.
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36. The method as described in claim 35 wherein said
polygon is stored in said terrain data base after all of said

elevation points adjacent to said polygon have been exam-

ined.
37. The method as described in claim 31 ‘wherein said
adjacent one of said plurality of elevation points is further

" examined to determine if at least one of said plurality of

elevation points within said expanded polygon is above said

22
plane of said expanded polygon, and said polygon is
expanded if none of said elevation points within said
expanded polygon is above said plane of sald expanded
polygon and if each of said elevation points within said
expanded polygon is within said first distance of said plane.

. %k x b &



rah e e b St

100 WG 07/22/94 0B2743%4

PTO-1556
(5/87)

. 274394

PATENT APPLICATION SERIAL NO,

U.S, DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

1 201 353,00 OK

i s 4 Bk i B > = e 4 S — ——




L312,29¢

=35~
ABESTRACT
wory o defiimars
A pilot aid using synthatic reality consists oflﬁﬁmotnb-fee-é
determiniag the nircinft'n posifion and attitude such as by the glébal
positioning syetem (GPS), a digital d#ta base containing thre§~dimensional
polygon data for terrain -and manmade structures, a computer, and a display.
The computer uses the aircraft’s poeition and attitude to look up the terrain
and manmade structure data in the data base and by using standard computer
graphices methods creates a8 projected three-§imensional scens on a cockpit
digplay. This presents the pilot with a synthesized view of the world
regardless of the actual viiiﬁility. A pecond embodiment uses a head-mounted
diqplay with a head position sensor to provide the pilot with a synthesized
view of the world that responds to where he or she is locoking and which is not
blocked by the cockpit or other aircratt structures. A third embodiment allows
the pilo£ to preview the route ahead or to replay previous flighte.
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BACKGROUND OF THE INVENTION

This invention relates to a pilot aid for synthesizing a view of the
world. When flying under Visual PFlight Ruies (VFR) the normal procedure for
determining your position is to relate what you see out the window to the
information on & paper map. During the day it can be diffichlt to determine
your location because the desired landmark can be lost in the clutter of
everything else. When flying at night you see mostly lights. When flying under
Instrument Flight Rules (IFR)} you must relate the information from vari?ua
navigation aids to the information on a printed map. You must then interpret
the map information in order to avoid flying into objects such as mountains
and the like. an‘imprévement in this situvation came about Qhen the global

"positioning system (GPS) became operational and available for civilian use.

GPS directly provides map coordinates but you must still, however, interpret
the map information. Systems_have been daveloped which use GPS coordinates to
access an electronic map which is presented on a display as a flat map.
Systeme have also been developed that present an apparent three-dimensional
effect and some that present a mathematically correct texture-mapped three-
dimensional projected displag.

Both of these systema Fequire a very large amount of stdfage for
terrain data. The latter system alao requires specialized hardware. Their high

cost have prevanted their widespread adoption by the avalation community.

g)sc?s'{z,aa{ A— |
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The 1984 patent to Taylor et al. (U.S. Patent No, 4,445,118) shows the
basic operation of the global pdsitionin§ system (GPS).

The 1984 patent to Johnson et al. (U.S. Patent No. 4,468,793) shows
a receiver fof receiving GPS signala.

The 1984 patent to Maher (U,S. Patent No., 4,485,383) shows another
receiver for receiving GPS signals.

The 1986 patent to Evans (U.S. Patent No. 47599,620) showes a method
for determining the orlentation of a moving cbject and producing roll, piteh,
and yaw information.

The 1992 patent to Timothy et al, (U.5. Patent No. 5,101,356} also
shows a method for determining the orientation of a moving object and
producing. roll, pitch, and yaw information.

The 1993 patent to Ward et al, (U.8. Patent No. 5,185,610) shows a
method for determining the orientation of a moving object from a single GPS
receiver and producing roll, pitch, and yaw information.

The 1992 patent to Fraughton et al. (U.S. Patent No. 5,153,836) shows
a navigation, surveillance, emergency location, and %oliision avoidance
system and method wheraby each craft determines its own position using LORAN
or GPS and transmits it on a radio channel along with the cfaft's
identification information. Bach oraft also receives the radio channel and
thereby can determine the position and identification of other craft in the
vicinity.

The 1992 patent to Beckwith et al. (U.S. Patent No. 5,146‘,532)
provides a topographical two-dimensional real-time display of the terrain over
which the aircraft ie passing, and a slope-shading technique incorporated into
the system prévides to the display an apparent three-dimensional effect
similar to that provided by a relief map., This is accomplighed by reading
compreased terrain data from a cassette fape in a contrclled manner based on

the instantaneous geoéraphicnl location of the aircraft as provided by the
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aircraft navigational computer system, reconstmicting the compressed data by

suitable proccessing and writing the reconstructed data_into a scene memory
with a noith-up orientation. A read control circuit then controls the read-out

of data fgom the scene mamory with a heading-up orientation to provide a real-
" time display of the terrain over which the aircraft is passing. A symbol at
the center of display position depicts the location of the aircraft with
respect to the terraln, permitting the plilot to navigate the aircraft even

under conditions of poor vieibility. However, the display provided by this

eystem ia in the form of a moving map rather than a true perspective display

of the terrain as it would appear to the pilot through the window of the

aircraft.

The 1987 patent to Beckwith et al. (U.S. -Patent No.‘4,660,157) is
similar to U.S..Patent No, 5,140,532, ;t alec reads compressed terrain data
from a cassette tape in a controlled ma#ner based on the instantaneocus
geographical location of the aircraft as provided by the aircraft navigational
computer system and reconstructs the compressed data by suitable proceseing
and writing the reconstructed data into a ecene memory. However, instead of
providing a topographical two-dimensional display of the terrain over which
the alrcraft is passing and using a slope-shading technique to provide an

apparent three-dimeneional effect asimilar to that provided by a relief map as

shown in the ’'532 patent, the ‘157 patent processes the data to provide a

3D perspective on the display. There are a number of differences between the

~

‘157 patent and the present invention:

1. The '157 Patent stores the map as a collection of terrain pointe with
apsociated altitudes; the large amount of storage required by this :
approach requires that a tape be prepared for.e#ch mission.

The present invention stores terrain data as a collection -of polygons
which results in a signiflcant reduction of data ;use storage; larger

geographic areas can be atored so that it it not necessary to generate

. .
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a data base for each mission.

The '157 Patent uses a tape cassette for data base storage; the long
acc;sa time for tape storage makes it necegsary to use a relatively
large cache memory. The present invention uses a CD-ROM which permite
random access to the data so that the requirements for cache storage are
reduced,

The "157 Patent pécounta for the alrcraft’s heading by controlling the
way the dat# is read out from the tape. Different heading angles result
in the datalbeing read from a different sequenc; of addresses. Since
addresses exist only at discrete locations, the truncation of address

locations causes an unavoidable changs in the map shapes as the aircraft

" changes heading. The present invention stores-terrain~aa pelygone which

4.

S.

are mathematically rotated as the aircraft changes attitude. The
resolution is determined by number of bits used to represent the
vertices of the polygons, not the number of storage addresses.

The ’157 accounte for the roll attitude of the aircraft by
mathematically rotating the screen data after it is pfojected. The ‘157
Patent does not show the display being rgsponslva to the pitch angle of
the aircraft. In systems such ag this the lack of fidelity is apparent
to ths user. People know what things are supposed tc look like and how ' !
they are supposed to change pergpectiva when they move. The present

invention uses techniques that ﬁavo long been used by the computer |
graphica indusetry to perform tha mathematically correct transformation

and projection,

The ‘157 shows only a single cockpit display while one of the
embodiments of the present invention shows a stereographic head-mounted

display with a head sensor, The pllot 1s presented with a synthesized

- view of the world that is responsive to wherever the pilot looks; the

view is not blocked by the cockpit or other aircraft atructures. This

embodiment is not anticipaﬁad by the 157 patent.

.. .
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The 1991 patent to Behensky @t al. (U.,S. Patent No. 5,005,148) shows a

driving simulator for a video game. The road and other terrain are produced
by mathematically transforming a three-dimensional polygon data base.

The first sales brochure tr;m Atarl Games Corp. is for a coin-operated
game (Hard Drivin’) produced in 1989 and relates to the ‘148 patent. The
terrain is represented by polygons in a three-dimensional space. Each polygon
is transformed mathematically according to the poeition and orientation of the
player. After being tested to determine whether it is visible and having the
appropriate illumination function performed, it is clipped and projected onto
the display screen. These operation; are in general use by the computer
graphics industry and are well known to those possesaing ordinary sklill in the
art. ‘

The second sales brochure from Atari Games Corp. is for a coin-
operated game (Steel Talone) produced in 1991 and which also relates to the
'148 patent and the use of polygons to represent Ferratn and other objects.

The 1993 patent to Daw;on et al, (U.8. Patent No. §5,179,638) shows a
a methed and apparatus for providing a texture mapped perspective view for
digital map systems which includes a geometry engine that receives the
elevation posts scanned from the cache memory by the shape address generator.

A tiling engine is then used to traneform the elevation posts into three-

dimensional polygons. There are a numbar of differences between tha 638

patent and the pressnt invention:

l. The ’638 Patent is for a digital map system only. The matté? of how the
location and attitude are selected is not addressed. The present
invention uses a digital map as part of a system for presenting an
alrcraft piloet with a gynthesized view of the world regardless of the
actual visibility.

2. The ‘638 Patent stores the map as a collection ofﬂierrain poeints with

asgociated altitudes, thereby requiring a large amount of data storage.
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The terrain points are transformed into polygons du;ing program run-
time, thereby adding to the processing burden. The present invention
stora; terrain data as a collection of polygons which resulte in a
signific;nt redﬁc;icn of data base storage.

3. The present invention alsoc teaches the use of a stereographic head-
mounted display with a head sensor. The pilot is presented with a
synthesized view of the world that ie responalve to wherever the pilot
llooksa the view is not bloékqd by the cockpit or other aircraft

structures. This embodiment is not anticipated by the '638 patent.

The 1994 patent to Hamilton et al. (U.8. Patent No. 5,296,854) shows a
helicopter virtual display system in which the structual cutlines
corresponding to structual members forming the caﬁopy structure are added to
the head-up display in order to replace the canopy structure clues used by
' pilots which would otherwise be lost by the use of the head-up display.

- The 1994 patent to Lewins (U.S, Patent No. %,302,964) nhows a head-up
display for an aircraft and incorporatas a cathode-ray tube image generator
with a digital look-up table for distortion correction. An optical system
projects an image formed on the CRT screen onto a holographic mirrer combiner
which is transparent to the pilot‘s direct view through the aircraft
windshield,

The sales brochure from the Polhemus company shows the commercial

availability of a position and orientation sensor which can be used on a
head-mounted dieplay. i

The article from EDN magazine, January 7, ‘1993, pages 31-42, entitled
"System revolutionizes surveying and navigation" is an overview of how the
global positioning aystem (GPS) works and lists several manufacturers of

commerci&lly available receivers. The nrticla alao mentions several

applications such as the use by geologists to monitor fault lines, by oil
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companies for of:-ihore oll explorations, for keeping track of'lowor-orbitl
satellites, by fleet vehicle operators to keep track of their fleet, for crop
sprayefs'to spread fertilizer and pesticides more efficiently, and for in-car
systems to dieplay maps for'autoﬁotive nnvigation.

The saction from "Aviator’s Guide to GPS" praesents a history of
the GPS program.

The sales brochure from Megellan Systems Corp. is for commercially
available equipment comprising a GPS receiver with‘a'movlng map display. The
map that is displayed is a flat map.

. The sales brochure from T;imblh Navigatioﬁ is for a commercially
avajilable GPS receiver. '

The sales brochure from thé‘U.s. Geologica;-&asu&eflshowé the
availability of bigital Elevation Models for all of thé United States and its
territories.

The second eales brochure from the U.S. Geological-seav*egzghows the
availability of Digital Line Graph Models fqr all of the United States and its
territories. The data includes: political and administrative boundaries;
hydrography consisting of all flowing water, standing water, aﬁd wetlands;
major transportation systems consisting of roads and trails, railroads, ’
pipelines, transmiseion lines, and airports; and significant manmade
_ structures. -

The Washington Sectional Aeronautical Chart is a paper map published
by the U.S., Department of Commerce, National Oceanic ané Atmospheric |
Administration that showe the complexity of the information ﬁhat an aircraft
pilot needs in order to fly in the area covered by the map. The other areas of
the U.S. are covered by similar maps.

The sales brochure from Jeppesen Sanderscn shows that the company

makes its navigation data base avallable in computer readable form.
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Accordingly, several objects and advéntages of my invention are to
provide a system that produces a mathematically corraect three-dimenslional
projected view of the terrain while reduéing the amount of astorage raquired
for the data base and which can be accomplished by using standard commercially
available components. The invention can be used as a real-time inflight
aid or it can be used to preview a flight, or 1t‘can be used to replay and
review a previous flight.

Further objects and advantages of my invention will become apparant

from a consideration of the drawings and ensuing description.




SUMMARY OF THE INVENTION

ihe present invention is a pilot ald which uses the aircraft's
position and attltude to tranafﬁrm data from a digital data base to present a
pilot with a synthesized three-dimensional projected view of the world.
The three-dimensional position is typically determined by using the output of
a commercially available GPS receiver. As a safety check, the altitude
calculated by the GPS recelver can be compared go the ocutput of elther a
standard altimeter or a radio altimeter. Attitude can aiso Qe determined from
the use of a GPS recelver or it can be derived from standard avionic
instruments such as turn-and-bank indicator and gyrocompass. The digital
data base represents the terrain and manmade structures 2s collections of
polygons in order to minimize storage requirements. The pilot can select
several feature such as pan, tilt, and zcom which would allow the pilot‘
to see a synthesized view of terrain that would otherwise bes blocked by the

aircraft’s structure, especially on a low-wing aircraft. The pllot can also

preview the route either inflight or on the ground. Bacause the system has the

ability to save the flying parameters from a flight, the pilot can replay all
or part of a previous flight, and can even take over during the replay to try
out different flight strategies. Through the use of a head-mounte& display
with a head sensor, the pllot can have complete range of motion to receive a
synthesired view of the world, completely unhindered by the alrcraft

structure.
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DESCRIPTION OF THE DRAWINGS

FIG.
display.

FIG.
dilplay.

FIG.

1 is a block diagram showing the output to a single video
2 i§ a block diagram showing the output to a head-mounted

3 is a block diagram showing a system used to plan and/or

feplay a particular flight.

FIG.

4 le a block diagram showing Computer 107 nﬁd Graphles System 108

in FIG. 1, FIG. 2, and FlG. 3.

FIG.
point arcund
FIiG.
point arouﬁd
FIG.
the rotation
FIG.
around the ¥
FIG.
around the X

FIG.

5a shows a simple positive (counter-clockwise) rotation of a
the origin of a 2-Dimensional space.
5b shows a second positive (counter-clockwise) rotation of a
the origin of a 2-Dimensional mpace,

6a shows the eguivalent three dimensicnal space of FIG. 5a where

is around the Z axis,

6b is a re-orientation of the axes of FIG. 6a showing rotation

axis.

6c is a re-orientation of the axes of FIG. 6a showing rotation

axis.

7a is a side view shqwing the projection of a point in three-

dimensiens projected onto a two-dimensional scraeen,

FIG.

dimensions projected onto a two-dimensional screen.

FIG,

7b is a top view showing the projection of a point in three-

~

8a is a cabinet-projected three-dimensional representation of the

viewing pyramid.

FrIG.
PIG.
FIG.
FIq.

sides to the

8b is a 2D top view of the viewing pyramid.

8c is a 2D side view of the viewing pyramid.

9a shows an unclipped polygon. -

95 shows how clipping the polygon in FIG, 9a produces additional

poiygoﬁ.
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F1G. 10a shows the impending crossover fiom Geographic Data Block
21 to Geographic Data Block 22,
FIG. 10b shows the result of a crossover from Geographic Data Block
21 to Geographic Data Block 22. |
FIG. lla shows the impandiﬁg crossover from Geographic Data Block
//22 to Geographic Data Block 32.
I FIG. 11b shows the result of a crossover from Geographic Data Bloék
22 to Geographic Data Block 32. 5
FIG. 12a through FIC. 12&, and FIG. 1Ja through PIG. 13,5;\ show the
procedure for generating the polygon data base from the Digital Elevation

Modsl data.
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DETAILED BPECIPICATION

FIG. 1 shows the basic form of the invention. GPS Recelver 101
receives signals from the satellites that make up the global poeitioning
eystem (GPS) and c;lculatea the alrcraft’s position in three dimensions.
Altimeter 104 provides an output of the alrcraft’s altitude as a safety
check in the event GPS Recelver 101 malfunctions. Turn-and-bank Indicator
102 and Gyrocompass 103 provide the aircraft’s attitude which comprises
heading, roll, and pitch, CD-ROM Data Base 105 contains the digital data base
consisting of three-dimensicnal polygon data for terrain and manmade
structures.

Computer 107 is shown in more detail in FIG., 4 and uses commercially
available integrated circuits including processor 404, the MPC601, from
Motorecla Semiconductor Inc. The MPC601 is a fast 32-bit RISC processor with a
floating point unit and a 32K Byte eight-way set-asscciative unified
instruction and data cache. Most integer instructions are executed in one
cléck cycle. Compilers are avallabile fo; ANSI standard C and for ANSI sFandard
FORTRAN 77. Computer 107 also containg ROM 405, RAM 406, Avionics Interface
401, CD-ROM Interface 402, Control Panel Intexface 403, Graphics Systems
Interface 407, and Hard Drive Interface 408, -

'COmpuéer 107 uses the aircraft’s position from GPS Receiver 101
to look up the terrain ana manmade structure data in éD-ROM Data Base 105.
This data is organized in geographic blocks and is accessed so that there
is always the proper data present. Thip is shown in FIG. 10a. PIG, 10b showa
that when the aircraft crosses from‘BIOck 21 to Block 22, the data from
Blocks 10, 20, and 30 are discarded and data from Blocks 13, 23, and 33 are
brought in from CD-ROM Data Base 105. FIG. 1la and FIG. 1lb show the aircraft

croseing from Block 22 to Block 32, )

-

(S
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Computer 107 uses the aircraft's position from GPS Receiver 101 and
attitude }nformatlon from Turn-and-bank Indicator 102 and Gyrocompass 103 to
mathematically operate on the terrain and manmade structure data to present
three-dimensional projected polygons to Graphics sttem 108. As shown in
FI1G. 4, Graphice System 108 consiste of a commercially available graphics
integrated circuit 40%, the B6C305, made bﬁ 83 Incorporated. This integrated
clrcuit contains primitives for drawing lines in addition to the standard SVGA
graphics functions. The B6C805 controls DRAM 410 which is the video memory
congisting dt two buffers of 1024 x 768 pixels, each of which is 8 bits deep.
The video to be disﬁlayed from DRAM 410 is sent to RAMDAC 41l which is an
integrated circuit commercially available from several manufacturers, such as
Brooktree and AT&T. RAMDAC 411 contains a small RAM of 256 x 24 bits and three
8-bit DACe. The RAM section is a color table programmed to assign the desired
coler to each of the 256 combinations posaible by having 8 bits/pixel and is
combined with three video DACs, cne for each cecler for Video Display 109,

Video Display 109 is a color video display of conventional design such
ag a standard CRT, an LCD panel, or a plasma display panel. The preferred size
of Videc Display 109 ies 19" ;lthough other aizes may be used.

FIG. 2 shows the use of the system with Head Mounted Diesplay 201. Head
Mounted Dieplay Attiﬁude Sensors 202 provide Computer 107 with the orientation
of Head Mounted Dieplay 201, This orientation 1ls concatenated with the
aircraft’s orientation provided by Turn-and-bank Iﬂdieator 102 and Gyrocompass
103. As a consequence the pilot can turn his or her head and view the three-
dimensional synthesized view of the trangformed terrain and manmade structure
data unhindered by the aircraft’‘s structure. With the approériate seneors
for anginas,'fual tanks, doors, and the like, the pilot can be presented
with synthesized representations of these cbjects in their correct locations.
For example, the pilot would ba able to ‘look’ at a fuel-tank and ‘see’ if it

is running low. The pilot would aleo be able to ‘see’ if there is a problem

[;
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with an engine and, on multi-engine alrcraft, identify which one. By using a
technique similar to that taﬁght in the 1992 patent to Fraughton et al. (VU.S.
Patent No. 5,153,836) where each aircraft determines its own position ueing
LORAN ér'GPS and transmits it on a radio channel aléng with the aircraft’s

- identification information sc that each craft elsc receives the radic channel
and can thereby determine the position and identification of other craft in
the vicinity, these other aircraft can be presented in the present lnvention
as three-dimensional objectse in their correct positions to alert the pilot to
their presence and take evasive maneuvers as required.

Hard Disk Drive 110 is for recording the aircraft's position and
orientation data for later playback in order to review the flight. Because
the information presented on Video Display 109 is a function of the aircraft’s
position and orientation data applied to the CD-ROM Data Base 105, it can
be reconstructed later at any time by storing just the aircraft's position and
orientation data and applying it again to CD-ROM Data Base 106, as long as
the data base is still available. The aircraft‘s position and orientation data
requires fewer than 100 bytes. By recording it avery 0.1 seconds, an hour
requlrea about 3.6 Magabytes of storage. (100 bytes/update x 10 updates/second
x 60 seconds/min x 60 minutes/hour = about 3.6 Hegabytea} Therefore, a
standard 340 Megabyte hard drive would stor; about 94 hours of operation.

A method for previewing a zoute that has not been flown before is
ehown in FIG. 3 . GPS Receiver 101, Turn—-and-bank Indicator loz,uGyrocompdsa
103, and Altimeter 104 are replaced by User Flight Controls with Force
Feedback 30i and Aercdynamic Model Processor 302. Aerodynamic Model Processor
302 is a processor that implements the aerodynamic mathematical model for the
type of aircraft desired. It receives the user inputs from User Flight Control
with Porce Feedback 301, performs the mathematical calcylations to simulate

the desired aircraft, and supplies output back to the Force Feedback part of

S
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the controls and to Computer 107. The outputi sqpplied to Computer 107
simulate the outputs normally supplied to GPS Recaiveg 101, ‘Turn-and-bank
Indicator 102, Gyrocompass 103, and Altimeter 104. In this way, Computer 107
executes exactly the same program that it would perform in the in-flight
gystem. This permits the pilot to practice flying routes that he or she
hag not flown before and is particularly useful in practicing approach
.and landing at unfamiliar airports. This system does not need to be installed
in an aircraft; it.can be installed in any convenient location, even the
.pllot’s home.

ol
Control Panel &Gﬂxallows the pilot to select different operating

features. For example, the pilot can choose the ’'look angle’ of the display
{pan and tilt)}. This would allow the pilot to see synthesized terrain
coresponding to real terrain that would otherwise be blocked by the aircraft’'s
structure like the noge, or the wing on a low wing aircraft. Another feature

is the zoom function which provides magnification. Another feature is to

permit the pilot to select a section of the route other than the one he
or she im on, for example, to preview the approach to the destination

alrport.
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MATH INTRO
The math for the present invention has been uaed in the fleld of coin-
operated video games and in traditional computer graphica. However, since it
has not been well documented, it will be pgg:ented here. The basic concept
;unumea the unit is a ajmulator, renponsivgcwhe the user’'s inputs. It is
a short step from that to the present inventlion where the inputs represent the
phyﬂical location and attitude of the alrcraft,
The steps required to view a 3D polygon~based data base are:
1. Transformation {translation and rotation as regquired)
2, Visibility and illumination
3. Clipping
4, Projection
In this geometric model there is an absolute Universe filled Qith
Objects, each of which is free to rotate and translate, Associated with
each Object is an Orthonormal Matrix (i.e. a set of Orthogonal Unit Vectors)
tﬁat decribes the Object’'s orientation with respect to the Universe. Because
the Unit Vectors are Orthogonal, the Inverse of the matrix is simply thé
Transpose. This makes it very easy to change the point'of reference. The
Object may.look at the Universe or the Universe may lock at the Object. The
Object may look at another Object after the appropriate concatenation of Unit
Vectors. Bach Object will alwaya Rell, Pitch, or Yaw around its own axes

regardless of its current orientation without ueing Euler angle functions.

ROTATIONS
The convention used here is that the % axis is atraight up, the X axise
ie straight ahead, and the Y axis is to the right. ROLL is a rotation around

the X axis, PITCH is a rotation around the Y axle, and YAW ip a rotation

-

- around the 2 axis.

[
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For a simple positive (counter-clockwise) rotation of a point around
the origin of a 2-Dimensional apace:

' X'= XwCOSB(a) - Y*SIN(a)
¥'= X*SIN(a) + Y*COS(a)

See FIG,. Sa.
If we want to rotate the point again there are two .choices:
1. Simply sum the angles and rotate the orlginallpointu, in which cage:

X" = X*COS(a+b) ~ Y*SIN(a+b)
Y" = X*SIN(a+b) + Y*COS(a+b)

2, Rotate X', ¥’ by angle b:

X" = X'*COS(b) - Y'*SIN(b)
Y" = X'*SIN(b) + Y’*COS(b)

See FIG, 5b,

With the second method the arrors are cumulative. Tha first method preserves
the accuracy of the original coordinates; unfortunately it works only for
rotations around a single axis. When a series of rotations are done together
around twﬁ or three axea, the order of rotation makes a difference. As &n
example: An airplane always Rolls, Pitches, and Yaws according to its

own axes. Visualize an airplane suspended_in air, winge straight and level,
nose pointed North. Roll 90 degrees clockwise, then pitch 90'degreen up”.
‘The nose will be pointing East. Now we will start over and reverse the order
of rotatjon., Start from straight and level, pointing North. Piteh up 90
degrees, then Roll 90 degrees clockwise, The nose will now be poihtiﬁg
straight up, whera?“up“ is referenced to the ground. If you have trouble

visualizing these motions, just pretend your hand is the alrplane.

This means that we cannot simply keep a running sum of the angles for

sach axis. The standard method is to use functions of Buler angles. The method

to be described is easier and faster to use than Buler. arigle functions.

4

-
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Although FIG. 5a represents a two difienaional space, it is
equivalent to a three dimensional space where the rotation is arocund the 2

. axis. See FIG. 6a. The squatlions are :

Al Y X' = X%COS{za) - Y*SIN(za) Equation 1
g Y’ = X*SIN(za) + Y*COS(za)

e BY symmetry the other equations are:

%' = Z*COS(ya) - X*SIN{ya) Equation 2
X' = Z¥SIN(ya) + X*CO8{ya)

ﬁ‘q[)( See PIG. 6b. '

and

Y = ¥Y*COS(xa) - Z*SIN(xa) Equation 3
%° = Y*SIN(xa) + Z*COS(xa)
See FIG. 6c.

Ay r—————

From the ship’s frame of reference it is at rest; ii is the Universe
that is rotating. We can either change the equations to make the angles
negative or'deeide that positive rotations are clockwisa, Therefore, from now
on all positive rotations are clockwise.

Coneolidating Equations 1, 2, and 3 for a motlion consisting of
rotations za (around the Z axis), ya (around the Y axis), and xa (aroun&

the X axis) ylelds:

X' = X*[COS(ya)*COS(za)) +
Y*[-COS(ya)*SIN(za) ] +
Z*[SIN(ya)]

Y - X*[SIN(xa)*SIN(ya)*COS(za)+COB(xa)*8IN(z8a)) +
¥¥{-SIN(xa)*SIN(ya)*SIN(za) + COS(xa)*C0S(za)] +
Z*{-SIN{xa)*COS(ya))

Z' = X*({~COS(xa)*SIN(ya)*COS(za) + SIN(xa)*SIN(za)] +
Y*{COS(xa)*SIN(ya)*SIN{za) + SIN(xa}*COS(za)] +

2*{COS(xXa)*COS(ya)]
{(The asymmetry in the equations is another indication of the difference the

order of rotation makes.)
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The main use of the consolidated equations i8 to show that any rotation will

be in the form:

X' = Ax * X + Bx * ¥ + Cx * &
Y' = Ay * X + By * Y + Cy * &
Z' w Az * X + Bz ¥ Y + Cz * 2

If we etart with three specific pointe in the initial, absolute coordinate
system, such -as:
Px = (1,0,0)
Py = {0,1,0)
Pz = (0,0,1}
after any number of arbitrary rotations,
Px’ = (XA,YA,ZA)
Py’ = (XB,¥B,ZIB)
Pz’ = (XC,¥C,ZC)
By inspections

XA=Ax XB=Bx XC=Cx

£ / . YA=RAy YB=By YC=Cy
f: ZA=Az ZB=Bz ZC=Cz -
Therefore, these three pointe in the ship’s frame of refareﬁce provide the

coefficients to transform the absolute coordinates of whatever is in the
Universe of points. The absolute list of points is itself never changed so

it is never lost and errors are nét cumulative. All that is required is to

calculate .Px, Py, and Pz with sufficient accuracy. .
Px, Py, and Pz can be thought of as the axes of a gyrocompass or" 3-axis
stabilized platform in the ship that is always oriented in the original,

absolute coordinate esysetem.
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TRANSLATIONS
Translations do not affect any of the anglea and therefore do not affect' the
rotation éootticiants. Translations will be handled as follows:

Ratﬁor than keep track of where the origin of thé abgolute coordinate
system is from the ship‘s point of view (it changes with the ship‘s
orientation), the ship’s location will be kept track of in the abaolute
coordinate system. ' .

To do this requires finding the inverse transformation of the rotation

matrix. Px, Py, and Pz are vectors, each with a length of 1.000, and each one

orthogonal to the others. {Rotating them will not changa'thege properties.)

e —,

l,‘

L]

u.w‘zm-f

‘'The inverse of an orthonormal matrix {one composed of orthogonal unit vectors

like Px, Py, and Pz) 1is formed by transposing rows and columns.
'Therefore, for ¥, ¥, 2 in the Universe’'s reference and Xt, ¥, %' in

the Ship‘s reference:

X Ax Bx Cx X X Ax Ay Az X’
Y' |= Ay By Cy | ] Y and Y|=|Bx By Bz | * ] ¥’
z’ Az Bz Cz2 z z Cx Cy Cz zZ’

The ship’es X unit vector (1,0,0), the vector which, according to the ship {ia
stralght ahead, transforms to (Ax,Bx,Cx). Thus the position of the ship in
terms of the Unlverse‘’s coordinates can ba determined.

The complete transformation for the sShip to look at the Universe, taking into
account the position of the Ship:

~

For X,Y¥,Z in Universge reference and X', ¥‘, %' in Ship’s reference

9 St ——

ozl

b &4 Ax Bx Cx X-XT
Y' |=} Ay By Cy | * | ¥Y-YT
z' Az Bz Cz z-27

u--‘:“'/)/ ,
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INDEPENDENT OBJECTS

To draw objects in a polygon-based system, rotating the vertices
that dofine the polygon will rotate the polygon.

. The object will be defined in its own coordinate mystem (the object
"library”) and have associated with it a set of unit vectors. The objaect is
rotated by rotating its unit vectors. The object will also Eave a position in
the absolute Univerese.

Whan wa want to look at Qn object from any frame of reference we will
transform each point in the object’s library by applying a rotation matrix to
place the object in the proper orientation. We will then apply a translation
vector to placa the object in the proper position. The rotation matrix is
derived from both the objecf'u and the cbesrver’'s unlt vectors; the
translation vector is derived from the cbject’s position, the observer's
position, and the observer's unit vectors.

The simplest frame of reference from which to view an object ie in the
Universe’'s reference at (0,0,0) looking along the X axis. The reason is that
we already have the rotation cosficients to look at the object. The
object’s unit vectors supply the matrix coaffigients for the okject to look at
(rotate) the Universe. The inverse of this matrix will allow the Universe to
look at (rotate) the object. As discussed previously, the unit vectors form an
Orthonormal matrix; its inverse is simply the Transpose. After the cbhject is
rotated, it is translated to its position (ite position according to the
Universe) and projected. More on projection later. .

A consequence of using the Unit Vector wmethod is that, whatever
orientation the object is in, it will always Roll, Pitch, and Yaw according

to ITS axes.
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For an object with unit vectors:

—

T | Ax Bx Cx
oy - Ay By Cy’
. Az Bz Cz

and absclute position (XT,¥T,ZT), and {X,Y,Z] a point from the object's
library, and [X‘,Y’,2’] in the Universe's referencs,

The Universe locks at the object:

[ (E5E) ()
3. Cx Cy Cz z T

For two ships, each with unit vectors and positions:

[ Axl Bxl Cx1 ]
Ayl Byl -cyl Ship 1 Unit Vectors
L Azl Bzl Czl ] . :

{XT1,¥T1,2T1) 8hip 1 Position

[ Ax2 Bx2 Cx2 ]

Ay2 By2 Cy2 | . Ship 2 Unit Vectors
- . Az2 Bz2 Cz2 J
{opse -

{XT2,YT2,2T2) Ship 2 Position

Ax2 RAy2 Az2 '

Bx2 By2 Bz2 Transpose (Inverse) of Ship 2 Unit Vectcrs

Cx2 Cy2 C22 )

(X,Y,Z) 4in Ship 2 library, (X’,Y¥',Z‘) in Universe Reference, and
{X",¥",2") in Ship 1 Reference

Universe locks at ship 2:

p—————

X’ Ax2 Ay2 Ae2 X XT2
S Y [=|Bx2 By2 Bz2 | » | v | + [ yr2
(11'2.-'5:)-;( 2] Lcx2 cy2 ce2 z 272

Ship 1 looks at the Universe looking at Ship 2:

AR A ———
[X"] [Axl Bxl Cx1 X' - XT1
- L . bty |=|{ay1Bylcyl [*]¥ - ym
[0«'.53*-!}( zZn Azl Bzl Czl g’ - 271
Axl Bxl Cxl X’ Axl Bxl Cxl XT1l -
= Ayl Byl cyl |+ | ¥’ {-|Ayl Byl oyl |* | yr1 | EQUATION 10
Azl Bzl cCzl Lz’ Azl Bzl Czl —ET1

v )
ey
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Expand:
~ ‘
[Axl Bxl Cxl & Axl Bxl Cxl { [ Ax2 Ay2 Az2 X X727
s Ayl Byl Cyl | * | ¥* | = | Ayl Byl Cyl |* ( | Bx2 By2 Bz2 | * | ¥ |+ ] ¥YT2 |)
qﬂﬁﬂﬂ Azl Bzl Czl z' Azl Bzl Czl ( Lcx2 cy2 cz2 2 T2 ] )
,’_H\__Uning the bDistributive Law of Matrices:
Axl Bxl Cxl { { Ax2 Ay2 Az2 Xt Axl Bxl Cx1 XT2
' . = | Ayl Byl Cyl | * (| Bx2 By2 Bz2 [ * | Y | ) + | Ayl Byl Cyl | v | ¥T2
Te2Ht Azl Bzl Cz1 ] ( Lox2 cy2 cz2 zJ) LAzl B21 cz1 272
Uéing the Assoclative Law of Matrices:
T
{ | Axl Bxl Cxl Ax2 Ay2 Az2 |} X Axl Bxl Cxl XT2
= { | Ayl Byl Cyl {* | Bx2 By2 Bz2 | ) * | Y |+ | Ayl Byl Cyl | » | yT2
qgfuil;( ( LAzl Bzl cz2l Cx2 Cy2 Cz2 ] ) 2 Azl Bzl Czl 272
. i o
Substituting back into Bgquation 10 givess
Xxn { | axl Bxl cxl Ax2 Ay2 Az2 ] ) X Axl Bxl Cxl XT2
| ¥" | = (| Ayl Byl Cyl | * | Bx2 By2 Bz2 | ) *| ¥ |+ | Ayl Byl cy1 | = | yT2
z" { LAzl Bzl Czl Cx2 Cy2 Cz2 § ) 2 Azl Bzl Czl 272
[Axi Bxl Cxl XT1
b’ ' - Ayl Byl Cyl | * | ¥T1
T""’L"?')( . Azl Bzl Czl ZT1
s re——
Therefore:
ATttty * .
b o ( | Axl Bxl Cxl AX2 Ay2 Az2 1) X Ax1l Bxl Cxl XT2-XT1
¥" [ = ([ Ayl Byl Cyl | » | Bx2 By2 Bz2 | ) *| Y |+ [ Ayl Byl Cy1 | * | yT2-¥yT2
A { LAzl Bzl C=zl CX2 Ccy2 cz2 ) 2 Azl Bzl Czl ZT2-%T1
‘-'i’u'
X . EQUATION 11
Now let: ’ ‘
v Ax Bx Cx Axl Bxl Cxl Ax2 Ay2 Az2 .
, Ay By Cy | = | Ayl Byl Cyl | | Bx2 By2 Bz2 EQUATION 12
—rczqsf Az Bz Cz Azl Bzl Czl Cx2 Cy2 Cz2
This matrix represents the orientation of Ship 2 according to

Ship 1's frame of reference. This concatentation needs to be done only once

par update of Ship 2.

e ;.
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Also let:
-~ i XT Axl Bxl Cxl XT2-XT1
‘[439’0)( ' [-!'r] - [hy.‘!. Byl 0y1] * [mz—m] BQUATION 13
2T Azl Bzl Czl Z7T2-2T1
r—bre, .

{XT,¥T,%T) lis ﬁarely the position of Ship 2 in ship i's frame of
-}eference.

This also needes to be done only once per update of Ship 2. Therefore
@he traneformation to be applied to 8hip 2’'s library will be of the form:

won 5] 555] ] [E]

z* Az Bz Cz 2 7T

EQUATION 14
Formm————— .
’ Therefore, every object has six degrees of freedom, and any object may look at

any other cbject.

\"——--—-—u_.»
- SUMMARY OF TRANSFORMATION ALGORITHMSj
Tz f-/
Define Unit Vectors: |[Px] = (Ax,Ay,Az)

[Py] = (Bx,By,Bz)
[Pz) = (Cx,Cy,CzZ)
Initialize:

Ax=By=Cz=1, 000
Ay=hAz=Bx=BzuCx=Cy=0
If Roll:
Ay’ = Ay*COS{xa) ~ AZ*SIN(xa)
Az’ = Ry*SIN{xa) + Az*COS(xa)
By’ By*COS{xa) - Bz*SIN{xa)
Bz’ By*SIN(xa) + Bz*COS(xa)
cy’ Cy*COS{xa) - Cz*SIN(xa)
Cz’ Cy*SIN(xa) + Cz*COS(xa)
If Pitch:
Az’ = Rz*COS(ya) - Ax*SIN(ya)
Ax’ = Ag*SIN{ya) + Ax*COS(ya)
Bz’ Bz*COS(ya) - Bx*SIN(vya) -
Bx’ = Bz*SIN(ya) + Bx*SIN(ya)
Cz’ = Cz*COS(ya) - Cx*SIN(ya)
Ccx’ Cz*SIN{ya} + Cx*CO8(ya)
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If Yaw:
Ax’ = AX*COS{za) - Ay*SIN(za)
Ay’ = Ax*SIN(za) + Ay*COS{za)
Bx' = Bx*COS({za) -~ By*SIN(za)
By’ = Bx*SIN(za) + By*COS(za)
Cx' = CxX*COS(za) - Cy*SIN(za)
Cy’' = Cx*SIN(za) + Cy*COS(za)

« {('za‘’, 'ya', and 'xa’ are incremental rotations.)
' The resultant unit vectors form a transformation matrix. For X, ¥, 2 in
_Universe reference and X’, ¥’, Z' in Ship’s refersnce
[ xe Ax Bx Cx X
¥ |=fAy BycCy |~ | Y
L 27 Az Bz Cz 2

ity

X Ax Ay Az Tx
Y |=|Bx By Bz | * | ¥’
2 Cx Cy Cz A

s vty

The ship’s x unit vector, pha vector which actording to the ship ls atraight
aheaﬁ, transforms tq (Ax,Bx,Cx). Por a ehip in free space, this is the
acceleration vector when there is forward thrust. The sum of the accelerations
determine the velocity vector and the sum of thae velocity vectors determine
the position vector (XT,YT,ZT).

For two ships, enéh with unit vectors and poeitions:

| S
[Axl Bxl Cxl]

Ayl Byl cyl Ship 1 Unit Vectors
Azl Bzl Cz1
/'ﬂa‘l .
{Oﬂ (XT1,YT1,2T1) Ship 1 Position
Ax2 Bx2 Cx2
Ay2 By2 Cy2 Ship 2 Unit Vectors
Az2 Bz2 Cg2
(XT2,¥7T2,272) Ship 2 Position
A —

20




wie_Ship 1 looks at the Universe:

ATy X Axl Bxl cx1 |’ X=XT
(Eldb Y’ |=| Ayl Byl Cyl | *} ¥Y-YT {X,¥,2) in Universe
. ' Azl Bzl C=zl 2-27T {(X’,¥',2') in Ship 1 frame of
. reference

R

P

Ship 1 locks at Ship 2:
— .

Ax Bx Cx Axl Bxl Cxl Ax2 Ay2 Az2
Ay By Cy | =1 Ayl Byl Cyl | * | Bx2 By2 Cy2
Az Bz Cz Azl Bzl C:zl Cx2 Cy2 Cz2
(Ship 2 orientation relative to Ship 1 orientation)
XT Axl Bxl Cxl XT2-XT1
YT | = | Ayl Byl Cyl | * | YT2-¥YT1

(.(t’j-;/'” ZT Azl Bzl Czl 2T2~2T1

: ~ (Bhip 2 poasition in Ship l's frame of reference)

X Ax Bx Cx X XT
¥Y' |=|ARy By Cy |*]Y |+ ]|Y¥T
g Az Bz Cz 2z z7T
(X,¥,2) in Ship 2 library
(X',¥',2') in Ship 1 reference

Y ——————— .
VISIBILITY AND ILLUMINATION
: After a pplygén is transformed, whether it is a terrain polygon or

it bélongs to an independently moving object such as anothér aircraft, the
next step is to determine its illumination value, if indeed, it is visible

at all, '

Associated with each polygon is a vector of length 1 thqﬁ is normal to

the surface of the polygon. This is obtained by using the vector crossproduct
batween the vectors forming any two adjacent sides of the polygon. For two
vectors V1 = [xl,vl,zl) andlvz = {x2,y2,22} the crossproduct V1 X V2 is the
vector [ (ylvz2~y2wzl),=(x1%22-x2%zl), (xl*y2-x2%yl) ). The vector is then
normalized by dividing it by ite length. Thim gives it a length'of 1. Thie

-

:--"/
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calculation can be done when the data base is generated, becoming part of the
data base, or it can be done during program run time. The tradeoff is between
data base size and program execution time. In any event, it becomes part of
the transformed data.

After the polygon and its normal are transformed to the ajircraft’s
frame of reference, we need tc calculate the angle between the polygon’s
normal and the vector from the base of the normal to the aircraft. This is
done by taking the vector dot product. For two vectors V1 = [x1,yl,zl) and
V2 = [x2,y2,22], V1 dot V2 = length(Vl) * length{(V2) * cos{a) and is

calulated as (x1*x2 + yl*y2 + 21%z2). Therefore:

r—-—‘

cos(a) = (X1*x2 + ylwy2 + zlwg2)
- ; D M o e i B Y D S T s Y
(.‘:35‘g >/ length(Vl) * length(V2)}
Mt

A cosine that is negative means that the angle is between 90 degress and 270
degrees. Since this angle is facing away from the observer it will not be
visible and can be rejected and not subjected to further proc;ssing. The
actual cosine value can be used to determine the brightness of the polygon

for added realism.

CLIPPING

Now that the polygon has been transformed and chaecked for visibility

it must be clipped sc that it will properly fit on the ecreen after it is
projected. Standard clipping routines are well known in the computer graphics
industry. There are six clipping planes as shown in the 3D representation
ghown in FIG. 8a . The 2D top view is ghown in FIG. 8b, and the 2D side view
is shown in PIG. 8c. It should be noted that clipping a polygon may result

in the creation of addition polygon sides which mus£ be added to the polygon

description sent to the polygon display routine. -
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PROJECTION

As shown in PFIG. 7a, X'Iib tha-ﬁiatance to the point along the X axis, 2' is
the height of the point, Xs iélthe qiatance from the eyepoint to the screen
onto which the point is to be projected, and Sy is the vertical displacement
on the screen. Z’'/X‘ and Sy/Xs form eimilar triangles so: 2'/X’ = Sy/Xs ,
therefore Sy = X#*Z’'/X’ . Likewise, Y'/X' = 8Sx/Xs 80 Sx = Xs*Y' /X' where‘
Sx is the horizontal displacement on the screen., However, we still need to fit
Sy and Sx to the monitor display coordinates. Suppcss we have a screen that is
1024 by 1024. Each axis .would be plub or minue 512 with (0,0) in the center,.
If we want a 90 degree field of view (plus or minus 45 degrees from the
center), then when a point has 2'/X'=1 it must be put at the edge of the
screen where its value is 512. Therefore Sy = §12%%'/X*. (8y is the

Screen Y-coordinate).

Therefore:
Sy = K¥Z' /X’ 8y is the vertical coordinate on the display
Sx = KwY’' /X’ 8x is the horirontal coordinate on the display

K is chosen to make the viewing angle £it the monitor coordinates, If K is
varied dynamically we end up with a zoom lens effect. And if we are clever in

implementing the divider, K can be performed without having to actually do a
multiplication.

1\
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THE DATABASE

sumvwﬁghe data base is generated from several sources. TFe U.5. Geological
tssrvtcfa(USGS) makes available various databases, two of which are of
ﬁarticulqr interest. The first ie the Digital Elevation Model dat.a which
conslst of an array of regularly apaced terrain elevations, This data bhase is
converted into a data baee containing polygons (whose vertices are three-
dimensional pointes) in order to maximize the gaograpﬁic area covered by CD-ROM
Data Base 105 and also to reduce the amount of run-~time processing required of
Computer 107. This is poseible because there are large areas of terrain that
are essentjially flat. Note that flat does not necessarily mean level. A
eloping area is flat without being level.

The Digital Elevation Model data elevations are spaded 30 meters
apart. 30 meters = 30m x 39.37in/m x 1ft/12 in = 98,245 ft . A linear mile
contains 5,280 ft/mi xll data point/983245 ft = 53,65 data points/mi .
Therefore, a square mile contains $3.65 x 53,65 = 2878 data points,

California has ; total area of 158,706 square miles which requires

158,706 x 2878 = 456,755,868 data pointe. Since this figure includes

2,407 sq mi of inland water areas, there are 2407 x 2878 = 6,927,346 data
points just for inland water. The U.S. has a total area of 3,618,773 square
milea which requires 3,618,773 x 2878 = 10,414,828,694 data points. This
figure includes 79,484 sq mi of inland water areas requiring 79,484 x 2878
‘e 228,754,952 data points just for inland water.

The polygon data are organized in geographic data blockéf Because the
amount of data in each geographic data block depends on the numbar of polygons
and because the numbeé of polygons depends on the flatness of the terrain, the
size of each geographic data block is variable. Therefore, an address table is
maintained that contains a pointer to each geographic data block. The firet
choice is to decide on the geographic area represented-by the block. For the

present invention the size is 20 mi x 20 mi = 400 eq mi . Therefore, the

20
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polygon data base for California requiree 158,706 sq mi x 1 block/400 sq mi =
397 geographic data blocks, The number of polygons in a given geographic data
block dopénds on the f;atness pf the terrain and what we decide is ‘flat’,
The definition of ’flétness' is that for a polygon whose vertices are three-
dimensional points, there will be no elevation points that are higher than the
plane 6! the polygon and there will ba no elevation points that are bslow the
the plhne of the polygon by a distance called ihé Error Facéot. A amall Error
' Factor will require more polygons to represent a given terrain than will a
" large Error Factor. A small Error Factor will also generate the terrain more
accurately. The Error Factor does not have to be the same for all Geographlie
Data Blocke. Blocks for areas of high interest, like airporga and surrounding
areas can bes generatéd.using 8 small Error Pactor in order to represent the
terrain more precissly. The present invention uses an Error Factor of 10 ft
for areas surrounding airports and 50 ft for all other areas. ‘

A procoduro for generating the polygon data base from the Digital
Elevation Model data is domonstrated in FIG. 12a through FIG, 12;?and
FIG, 13a through FIG. lgp’ We atart with three pointe which define a polygon
and which has a surface. We select the next elevation point and decide if it
belongs in the polygen accordinng to the citeria previously discussed. If it
does, it gets added to the polygon. If not, not. We then test additional

adjacent points until we run out. Then we start over with another three

points. .. .
When we are dohe generating polygons for a Geographic Data Block

we go back and examine them; any polygon that is ‘too big’ }s broken down

into smaller polygons. Tﬁis is to make sure theres are alwayq enough polygons

on the screen to provide a proper reference for the pilot. (A single large

polygon on the screen would not have any apparent motion.) Finally, the

polygons are assigned colore and/or shades so that adjacent polygons will

not blend into each other.

2
(.
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The other USGS data base used is the Digital Line Graph data which
includes: poliéicnl and administrative boundaries; hydrography consisting of
all flowing water, standing water, and wetlands; major transportation systems
consisting of roade and trails, railroads, pipelines, transmission lines, and
airporte; and significant manmade structures. The Digital Line Graph data is
two—dim;nsional. In the present invention features such as water, roads,
rallroads, and pipelines aré represented as polygons with e%evations
determined from the Digital Elevation Mocdel data. Transmiseion lines and
significant manmade structures are defined as three-dimensional objects mndex
of polygons and are placed according to the elevations detarmined from the
Digital Elevation Model data. The different types of objects are tagged so
that by using Control Panel 106 the pilot can select them to be highlighted by
category or by specific object. For example, the pilot can choose to haée all
alrports highlighted or just the destination airport. The pilot can also
choose to have a specific highway highlighted.

Data from additional digital data bases can alsc be incorporated. An
. éxamplo of such a data base is from Jeppesen Sanderson whose NavData Services
division provides aeronautical charts and makes this informatlonayvailable in

digital form.

While preferred embodimente of the present invention have been shown,
it is to be expressly underatood that modificatione and changes may be mada

thereto and that the present invention is set forth in the following claims.

"




to provide three dimensional projectgd image data according to eaia operating

-32-

I claim:

1. A pilot aid which uses an aircraft’s position and gttitude to transform
data from.a digital data base to present a pilot witfi a synthesized three
dimensional projected view of the world comprising: .
a position determining means for locating jaid ajrcraft’s position in

three dimensionsa;
- a digital data base means containing poYygon data representing terrain

and manmade structures;
an attitude determining means for det rmining_said alrcraft’s
orleﬁtation in three dimensional space;
a control panel means for allowing/waid pilot Fo swlect different
operatin§ features; '
a computer means for using sald Aircraft position data to access said

terrain and manmade gtructure data from said digital data base and using said
aircraft orientation data to transforn said terrain and manmade structure data
features selacted by said pilot;

a display means for displaying said three dimensicnal prejected image

O~

of claim 1, wherein said position

data.

2. The poeition determining mea
determining means comprises a gtandard system for receiving and proceseing

data from the.global positionthg aystem, , L

~

3. The attitude determining means of claim 1; wherein said sttitude

determining means comprises/a standard avionice system.

4., The digital data hase claim 1, wherein said digital data base means

comprises a cd rom disc apd cd rom drive.
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5. The control panel means of c¢laim 1, wherein said cgfitrol panel means

selects the functions of pan, tilt, and zoom.

6., The control panel means of claim 1, wherein ssid control panel means

permits said pllot to preview the route ahead.

7. A pilo; aid which uses an aircraft’s posiffion and attitude to transform
data from a digital data base to present a filot with a synthesized three
dimensional projected view of the world cémprising:
a poaiti&n determining means foy locating eaid ajircraft’s position in
three dimensions;
a digital data base means coptaining polygon data repxesenting.terrain

and manmade structures;

an attitude determining

M

ang for determining said aircraft's °
orientation in three dimensional/ space; Zf@
& control panel means for allowing sald pilot to select different
operating features;
a computer means for/ using said aircraft position data to access said
terrain and manmade etructyre data from said digital data base and using eaid

aircraft orientation data/to transform said terrain and manmade structure data

to provide three dimensibnal projected image data according‘to gaid operating ‘
features selected by s#id pilot; .
a display meajis for displaying said three dimensional projected image
-data} )
a mass stoyage mamory'for recording said aircraft position data and

said aircraft’s attitude data for allowing said aireraft’'s £light to be

displayed at a lAter time,
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8. The position determining means of claim 7, wherein eaid position

.determining means comprises a standard system for receiiing and processing

data from the global positioning system.

9. The attitude determining means cf claim 7, whereih said attitude

determining means comprises a standard avionics sygtem,

10. The digital data base of claim 7, wherein sajfd digital data base means

comprieses a cd rom and cd rom drive.

1ll. The control panel means of claim 7, wherejyn sald control panel means

selects the functions of pan, tilt, and zoom (:;h\\

12. The control banel means of claim 7, wherein said control panel means -

permits said pilot to preview the route ajlead or to review previous flights.

13. A pilot aid which uses an aircrafi‘y position and attitude to transform
data from a digltal data base to presept a pilot with a synthesized three

dimensional projected view of the worid comprising:

orlentation 1in three dimensionAl space;

a head mounted dieplay means worn by said pilot of said alircraft;
an attitude determiging means for determining the orientation of

sald pilot’s head in three/dimsnsional space; -
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a control panel means for allowing said pilot to select different
operating features;

a computer means for ueing said afrcraft position data to access said
terrain and manmade structure data from/said digital data base and using sald
aircraft orientation data and.aald pilht he entation data to transform
said terrain and manmade structure dzta to provide three dimensional projected
image data to said head mdunted digplay according to gaigd opefating features
selected by said pilot.
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{ii) a nonprofit organigzation under 37 CFR 1l.9{e).
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I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on informaticn and belief are believed to be true, and further that these
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In the United Btates Patent and Trademark Office

Mailed N Jal’V qu

Commisaioner of Patents and Trademarks
Washington, District of Columbia 20231

8ir:

Please file the following enclosed patent application papers:
Applicant #1, Name: _Jed Margolin
Applicant #2, Name:

2itie: PILOT AID USING SYNTHETIC REALITY

1 Specification, claima; and Abstract: Nr. of Sheets 26

Wl Declafat‘ian: Date Signed: _ /g Jalrv 1994

] Drawing(e): Nr. of Sheets Enc.:(In Triplicate): Formal: _13  Informal:

[#] Small Entity Declaration of Inventor(s) [ 1 SED of Non-Inventor/Asslgnment/Licansee
¢ 1 Bssignment; please record and return; recordal fee enclosqd. '
‘ Check for $_355% for:

T $__359% for filing fee (not moreé than three independent claims and twenty total
claims are presented).

(18 Additional if Aasiénment is enclosed for recordal.
lir] Return Receipt Postcard Addressed to Applicant #1.

[iA Request Under MPEP § 707.07(j):¢ The undersigned, a pro-se applicant, réapactfully :
requests that if the Examiner finds Yatentable aubject matter disclosed in this application

but feels that Applicant’s present claims are not entirely suitable, the Examiner draft one
or more allowable claims for applicant. '

Very respectfully,

'négliclnt #1 ‘signature Applicant #2 Signature

3570 Pleasant Echo Dr.

Address (Send Correspondence Here) ' Address

San Jose, CA 95148-1916

EXpresas uail‘l.abo‘l # EF981868779US ; Date of Deposit (! Ja!g 1994 -

I hereby certify that this paper or fee is being deposited with the United States Postal Service
using "Express Mail Post Office to Addressee” service under 37 CFR 1.10 on the date indicated
_above and is addressed to "Commissioner of Patents and Trademarks, Washington, DC 20231."

Signed:
: Inventor
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Pllot Ald using Synthetic Reality . lof 8

Commisasioner of Patents and Trademarks
Washington, District of Columbia 20231

Sir: .

Attached are completed Form PTO-1449 and copies of the po:tlnent pa?ti of the
references clted thereon. Following are comments on these references pursuant
to Rule 98:

The 1984 patent to Taylor et al. (U.S. Patent No. 4,445,118) shows the
basic oparation of the global positioning system (GPS).

The 1984 patent to Johneon et al.l(U.s. Patent No. 4,458,593) shows
a receiver for r;ceiving GPS mignals. _

The 1984 patent to Maher -{(U.S. Patent No. 4,485,383) shows another
receiver for receiving GPS signals. .

The 1986 patent to Evans (U.S., Patent No. 4,599,620) shows a mathod
.tor determining the orlentation of a moving cobject and producing roll, pitch,
and yaw information. )

The 1992 patent to Timothy et al, (U.8., Patent No. 5,101,356) als;
shows a method for determining the orientation of a moving object and
producing roll, pitch, and yaw information.

-The 1993 patent to Ward et alT (U.S. Patent No. 5,185,610) shows a
mathod for determining the orientation of a moying object from a single GPS
receiver and producing roll, pitch, and yaw information. .

The 1995 patent to Fraughton et al. (U.8. Patent No. 5,153,836) shows
a navigation, surveillance, emergency location; and collision avoidance
system and method whereby each craft determines ite own position using LORAN
or GPS and transmits it on a radio channel along with the craft’s
identification information. Each craft also receives the radio channel and
thereby can determine the position and identification of other craft in the

vieinity.
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The 1992 paQent to Beckwith et al. (U.S. Patent No. 5,140,532)
provides a topographical two-dimensional real-time display of the terrain o;er
'ﬁhlch the alrcraft is passing, and a slope-shading technique incorporated into
the system provides to the display an apparent three-dimensional effect
similar to that provided by a rellef map. Thie is accomplished by reading
compressed terrain data from a cassette tape in a controlled manner based on
the inatantanecus geographical location of the aircraft as provided by the
aircraft navigaﬁlonal computer system, reconstructing the compressed data by
suitable processing and writing the reconstructed data into a scene memory
with a north-up orienta£ion. A read control circuit then controls the read-out
of data from the scene memory with a heading-up orientation to provide a real-
time display of the terrain over which the aircraft is passing. A symbol at
the center of display position depicts the location of the aircraft with
respact to the terrain, permitting the pilot toc navigate the aircraft even
under conditione of poor visibility. However, the display provided by this
gystem is in the form of a moving map rather than a true perspective display

of the terrain as it would appear to the pllot through the window of the

alrcraft.

The 1987 patent to Beckwith et al. (U.S. Patent No. 4,660,157) is
gimilar to U.s. Patent No. 5,140,532, It also L‘eads compressed te;';'ain data
from a cassette tape in a controlled manner based on the instantaneous
geographical location of the aircraft ap provldea by the ajircraft navigational
computer system and reconstructa the compressed data by suitable processing
and writing the reconstructed data into a scene mamory. However, Llnstead of
providing a teopographical two-dimensional display of the—terrain over which
the aircraft is passing and using a slope-shading tochniqué to provide an

apparent three-dimensional effect similar to that provided by a relief map as
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shown in the ‘8532 patbnt, the ‘157 patent processes the data to provide a

3D perspective on the display. There are a number of differences between the

157 patent and the present invention:

1.

3.

4.

The ’'157 Pateant stores the map ;u a collection of terrain points with
associated altitudes; the large.amount of storage required by this
approach requires that a tape be prepared for each miseion.

The present invention stores texrain data as a collection of polygons
which resulte in a significant reduction of data base étorage; larger
geographic arsas can be atored so that it it not necessary té generate
a data base for each mission. '

The ‘157 Patent uses a tape cassette for data base storage; the long
access time for tape storage makes lt necessary to use a relatively
large cache memory. The present invention uses a CD-ROM which permits
random access to the data so that the requirements for cache atoraqe are
reduced.,

The 157 Patent accounts for the aircraft’s heading by controlling the
way the data is read out from the tape. Different heading angles result
in the data being read from a different sequence of addresses. Since
addresses exist only at discrete locations, the truncation of address
locationp causas an unavolidable change_in the map shapes as.the aircraft
changes heading. The present invention stores terrain as polygons which
are mathematically rotated as the aircraft changes attitude. The
regolution ls determined by number of bits used to represent the
vertices of the polygona, not the numpor of storage addresses.

The *157 accounts for the roll attitude of the n;rqfaft by
mathematically rotating th; screen data after it,i# proljected. The 157

Patent does not show the display being responsive to the pitch angle of
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the aircraft. In systems such as this the lack of fidelity is apparent
to the user. People know what things are supposed to look like and how
they are supposed to change perspective when they move. The present
invention uses techniques that have long been used by the computer
graphics industry to perform the mathematically correct transformation
and projection.

5. The °157 shows only a single cockpit display while one of the
embodiments of the prgsont invention shows a stereographic h;ad-mountad
display wgthl; head gensor. The pilot is presented with a synthesized
view of the world that is responsive to wherever the pilot looks; the
view is not blocked by the cockpit or other airecraft structures. This

.

embodiment is not anticlipated by the 157 patent.

The 1991 patent to Beh;nsky et ;1. {U.8. Patent No. 5,005,148} shows a
dfiving simulator for a video game. The road and other terrain are produced
by mathematically txansforming a three-dimensional pPelygon data base.

The first sales brochure from Atari Games COrp. ig for a coin-opa:ated
game (Hard -Drivin’) produced in 1989 and relates to the ‘148 patent. The
terrain is represented by polygons in a three~dimensional space. Each polygon
is tranlformadlmathematically according to the position and crientation of the
player., After being tested to datexmine whether it is visible and ﬁivinq the
appropriate illumination function performed, it %a élipped and projected onto
the display screen. These cperationa are in g?neral uge by the computer
graﬁhicu industry and are well known to thosé:polaeasing or&lnary gkill in the
art. .

The second sales brochure from Atari Games COrp.'ii for a coin-

cperated game (Steel Talons) produced in 1991 and which aleo relates to the

148 patent and the use of polygons to represent terrain and other objects.
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The 1993 patent to Dawson et al. (U.5. Patent No. §,179,638) shows a
a method and apparatus for providing a texture mapped parspective view for
digital map systems which includes a geometry engine that receives the
elevation posts scanned from the cache memory by the shape address generator.
A tiling engine is then used to transform the elevation posts into three-
dimensional polygona. There are a number of differences between the ‘638
patent and the present invention:

1. The ‘638 Patent is for a digital map system only. The matter of how the
location and attitude are selected is not addressed. The present
invention uses a digital map as part of a system'tor pregenting an
alrcraft pilot with a synthesized view of the worid regardless of the
actﬁal vieibility.

é. The '638 Patent aéorea the map as a collection of terrain points with
associated altitudes, thereby requiring a large amount of data storage.
The terrain points are iranaformad into polygons durinq'program run-
time, thereby adding to the processing burden. The present invention '
stores terrain daﬁa as a collecticn of polygons which resultse in a
gignificant reduction of data base storage.

3. The present lnventlon alaoc teaches the use of a stereographic head-
mounted display with a head ;ensor. The pilot is presented ;ith a
synthesized view of the world that is responsive to wherever the pilot
looks; the view is not blocked by the cockpit or other aircraft

structures, This embodiment ie not anticipated by the '638 patent.

[
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The 1994 patent to Hamilton et al. {(U.S. Patent No, 5,296,854) shows a
helicopter virtual display system in which the structual outlines
corresponding to structual members forming the canopy structure are added to
the head-up disgplay in order to replace the canopy structure clues ussd hy
pilots which would ctherwise be lost by the use of the head-up display.

The 1994 patent to Lewins (U.8. Patent No. §,302,964) shows a head-up
display for an aircraft and incorporates a cathode-ray tube image generator
with a digital look-up table for distortion correction. Aan optical system
projects an image formed on the CRT screen onto a holographic mirror combiner
which i{a tranesparent to the pilot’s direct view through the aircraft
windshield,

The sales brochure from the Polhemus company shows the commercial
availabllity of a position and orientation sensor which can be used on a
head-mounted display.

The article from EDN magazine, January 7, 1993, pages 31-42, entitled
“System revolutionizes surveying and navigation" is an overview of how the
global positioning system (GPS) works and lists several manufacturers of
commercially available receivers. The article alsc mentions several
applications such aa'tha use by geologists to monitor fault lines, by oll
companies for off-shore eil explcrations, for keeping track of lowar-orbit
satellites, by fleet vehicle operators to keep track of their fleet, for crop
sprayers to spread fertilizer and pesticides more efficiently, and for in-car
systems to display maps for automotive navigation,

The section from "Aviator's Guide to GPS" presents a history of

the GPS program, S -
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The sales brochure from Megellan Systems Corp. is for commercially
available equipment comprising a GPS recelver with a moving map display. The
map that is dieplayed is a flat map.

The sales brochure from Trimble Navigation is for a commercially
avaiiable GPS recelver.

The sales brochure from the U.S8. Geological Service shows the
avallability of Digital Elevation Models for all of the United States and its
territories.

The second sales brochure from the U.5. Geologlical Service showe the
availability of Digital Line Graph Mcdels for all of the United States and its
torrltories. The data includes: political and administrative bounda:ies:.
hydrography consisting of all flowing water, standing water, and wetlands;
major transportation systeme consisting of rocads and traila, railroads,
pipelines, transmiseion lines, and airports; and significantlmanmaée
etructures.,

. The Washington Sectional Aercnautical Chart is a paper map published
by the U.S8. Department of Commerce, National Oceanic and Atmospheric
Administration, that shows the complexity of the information that an aircraft

pllot needs in crder to fly in the area covered by the map. The other areas of

‘the U.S3. are covered by similar maps.
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The eales brochure from Jeppesen Sanderson shows that the company

makes its navigation data base available in computer roadablé'forml

Very respectfully,

- Jed Margelin
Applicant Pro Se
3570 Pleagant Echo

San Jose, CA $5148
{408) 238-4564

ENC: List of Prior Art & References
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Part III DETAILED ACTION

1. This application has been examined., Claims 1-13 are
pending. '
Specification

2. . The title of the invention is not descriptive. A new title
is required that is clearly indicative of the invention to which

the claims are directed,

. .

3. Applicant is reminded of the proper language and format of
an Abstract of the Disclosure.

The abstract should be in narrative form and generally
limited to a single paragraph on a separate sheet within the
range of 50 to 250 words. It is important that the abstract not
exceed 250 words in length since the space provided for the
abstract on the computer tape used by the printer is limited.

The form and legal phraseology often used in patent claims, such
as "means" and "said", should be avoided (emphasi’s added). The
abstract should describe the disclosure sufficiently to assist
readers in deciding whether there is a need for consultlng the
full patent text for details.

The language should be clear and concise and should not
repeat information given in the title. It should avoid using .
phrases which can be implied, such as, "The disclosure concerns,"
"The disclosure defined by this invention," "The disclosure
describes," etc.

‘Appropriate correction is requested.

—

Claim Rejections - 35 USC § 112
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4. Claim 1-13 are rejected under 35 U.S.C. § 112, second
paragraph, as being indefinite for failing to particularly point
out and distinctly claim the subject matter which applicant
regards as the invention. '

4.1, " As per claim 1 (as exemplary of claims 1, 7 and
13), lines 6-7 , the phrase "polygon data representing terrain
and manmade structure" is unclear since there is no indication of
what the polygon and manmade structure are. Clarification is
requested. Furthermore, on lines 10-11, the phrase "difference
operating fgatures“ is not defined properly{ Moreover, the
phrase "“using said aircraft position data to access said terrain
and manmade structure data from said digital data base" on lines
12-13 is unclegr siqce there is no recitation of how to “ac;ess“
the data’ from the digital.data base by using the aircraft
position data. Clarification .is requested. 1In addition, on
lines 14~15, the phrase "transform said terrain and manmade
structure data to provide three dimensional projected image data”
is also unclear since there is no indication of how fd transform
" the terrain and manmade structure data to provide three
"dimensional projected image data. Clarification is needed.

4.2, As per claim 5 (as exemplary of claims 5 and 11),
line 2, the phrase "the fpnctioné of pan, tilt, and zoom" is
-unglear since they are not defined properly.

4.3. As per claim 6 (as eiemplary of claims 6 and 12),

line 6, the phrase "the route ahead" has no antecedent basis.
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4.4. As per claim 7, lines 20-21, the phrase "said
aircraft's flight to be displayed at later time" is unclear since
the "aircraft flight" is unclear and has no antecédent basis,

4.5, As per claim 13[ the instant passage on lines 10-
12 is not defined properly. Clarification is reqﬁested.

4.6, The remaining claims, not specifically mentioned,
are rejected for incorporating the defects from their respective‘

parent by dependency.

5. The following rejections are based on the examiner's best
interpretation of the claims in light of the 35 U.S.C. 112 errors

noted above.

Claim Rejections - 35 USC § 103

6. The following is a quotation of 35 U.S.C. § 103 which forms
the basis for all obviocusness rejections set forth in this Office
action: ’

A patent may not be obtained though the invention is not
identically disclosed or described  as set forth in

section 102 of this title, if the differences between the
subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been
obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject
matter pertains., Patentability shall not be negatived by
the manner in which the invention was made.

Subject matter developed by another person, which qualifies

as prior art only under subsection (f) or (g) of section 102

of this title, shall not preclude patentability under this
section where the subject matter and the claimed invention
were, at the time the invention was made, owned by the same
person or subject to an obligation of assignment to the same
person.
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7. Claims 1-12 are rejected under 35 U.S.C. § 103 as being
unpatentable over Beckwith et al (4,660,157} in view of Behensky
| et al. (5,005,148) or a brochure frﬁm Atari Game Corp. (Hard
Driving') or a brochure from Atari Game Corp. {(Steel Talons),
7.1. With respect to claims 1, 5-7 and'll-lz, Beckwith
‘et al. discloses a digitalisystem for prqducing a real time video
display in perspective of terrain over which an aircraft is
passing on the basis of compressed digital data stored on a
cassette tape (see at least an abstract). Beckwith et al.
discloses that the system includes a position determining means
for locating the aircraft's position in three dimensions and an
attitude determining means for determining the aircraft's
orientation in three dimensional space (see at least figﬁre 1 and
columns 5 and 6). Beckwith et al, further discloses that the
system includes a digital data base means for storing a
compressed terrain data {see at least the abstract}. Beckwith et
al. also discloses a computer means for reading compressed
terrain déta from the digital data base ﬁeans in a controlled
manner based on the instantaneous geographical of the aircraft as
provided by the aircraft navigation computer system,
reconstructing the compressed data by suitable processing and
writing the reconstructed data into a scene mé;ory, and then
providing a 3D perspective on the display (see at least columns 2

and 3).
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Beckwith et al. does not explicitly disclose that a digital
data base"means containing polygon data representing terrain and
manmade structures. However, Behensky et al, suggests a driving
simulator for a video game which includes tﬁe road and other
terrain are produced by mathematically transforming a three-
dimensional polygon data base (see at least column 2, lines 33-
38). The suggestion of Behensky et al. in at least column 2
would have motivatgd one of ordinary skill in the art to combine
with the system'of Beckwith et al. in order to provide a
significant reduction of data base storage and a larger
geographic areas can be stored so that it is not necessary to
generate a data base of each mission. Similarly, the digital
data base means containing polygon data representing terraln and
manmade structures is also taught in a brochure from Atari Game
Corp. (Hard Driving'} or a brochure from Atari Game Corp. (Steel
Talons). Thus, because of the motivation set forth above, it
would have been obvious to a person of ordinary skill 'in the art
at the time fhe invention was made to combine the teachings of
Behensky et al. or the brochure from Atari Game Corp. (Hard
Driving') or the b}ochure from Atari Game Corp. (Steel Talons)

with the system of Beckwith et al. .
7.2. With respect to claims 2-3 and 8-9, Beckwith et

al. discloses the claimed invention as discussed above but does

not explicitly discloses that the position determining means

comprises a standard system for retrieving and processing data
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from the global poéitioning system and the attitude determining
means comprises a standard avionics systems, However, the use of

the standard system for retrieving and processing data from

. global positioning system and the standard avionics systems are

well known effective and efficient means for determining the
position and the origntation of the aircraft. -For examples, the
Maher patent (4,485,383) Shows a receiver for receiving global
positioning system ana the Timothy patent shows a method for
determining the‘orientation of.a moving object form a single GPS
receiver and producing roll, pitch, and yaw information. 'It.
would have been obvious to one of ordinary skill in the art at
the time of the invention to utilize the global positioning
system and the standard avionics system in such a system asl
taught through Beckwith et al. because it would produce high
degree of accuracy in determining the position and orientation of
the aircraft including roll, pitch, and yaw information.

7.3. With respect to claims 4 and 10, Beckwith et al.
does not specifically disclose that the digital data Ease means
comprises a CD rom disc and CD rom drive. Howevér, the use of CD
rom disc-and CD rom drive for storing data is well known
effective and efficient means for storing any data. It would
have been obvious to one of ordinary skill in the art‘at the time
of the invention to.utilize CD rom disc and CD rom drive in such
a system as taught through Beckwith et al. because it would

permit high degree of accuracy in the storing and restoring data,
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random access to the data so that the requirements for cache

storage are reduced.

8. Claim 13 is rejected under 35 U.S5.C, § 103 as being
unpatentable over Beckwith et al and Behensky et al. as applied
to claims 1~12 above, and further in view of the sales brochure
from the Polhemus company.

Beckwith et al. and Behensky et al. disclose the claimed
invehtidn except for a head mounted display means worn by the
pilot and an attitude determining means for determining the
orientation‘bf the pilot's head.in three dimensional space.
However, the sales brochure frém the Polhemus company suggegts
the commerciél available of a position and orientation sensor
which can be used on a head-mounted display. The suggestion of
the Polhemus company would have motivated one of ordinary skill
in the art to combine the teachiﬁg of Polhemus company with the
system of Beckwith et al. in order to allow the pilot‘to have a
'complete range of motion to receive a synthesized vie# of the
world, a completé unhindered by the aircraft structure. Thus,
because of the motivation set forth above, it would have been 3
obvious to a person of ordinary skill in the art at the time the
invention was made to combine the.teachings ianolhemhs's

brochure and Beckwitb et al. patent.




	File Wrapper Jacket 5,566,073
	File Wrapper Jacket 08/274,394
	Table of Contents 08/274,394
	Table of Contents 5,566,073
	Search Notes
	Index of Claims

	U.S. Patent 5,566,073
	Application
	Claims
	Declaration and Power of Attorney
	Drawings

	Information Disclosure Statement
	PTO - 1449

	Office Action - Rejection 3 Month
	Notice of References Cited
	Notice of Draftsperson's Patent Drawing Review

	Formal Drawings
	Amendment A
	Office Action - Rejection 3 Month
	Notice of References Cited

	Examiner's Interview Summary
	Amendment B
	Change of Address
	Advisory Action
	Access Acknowledgment
	File Wrapper Continuation
	Preliminary Amendment C
	Amendment D
	Preliminary Amendment E
	Office Action - Rejection 3 Month
	Notice of References Cited

	Examiner's Interview Summary
	Amendment F
	Notice of Allowability
	Notice of Allowance and Issue Fee(s) Due

	Issue Fee(s) Transmittal
	PTO Grant



