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Introduction

This is in response to the article Synthetic Vision Technology for Unmanned Systems: L ooking
Back and Looking Forward by Jeff Fox, Michael Abernathy, Mark Draper and Gloria Calhoun which
appeared in the December 2008 issue of AUVSI’s Unmanned Systems (page 27). {Ref. 1}

The AUVSI Authors have used the term “synthetic vision” so loosely that many readers will believe it was
invented long before it actually was. This is an important issue. Aerospace is a field where precision and
accuracy is critical. There are also patent rights involved. In the interests of full disclosure | am the listed
inventor on several patents relating to synthetic vision and there is a patent infringement disagreement
between the owner of the patents (Optima Technology Group) and the company that one of the AUVSI
Authors is affiliated with (Rapid Imaging Software).

What Is Synthetic Vision?

The term “Synthetic Vision” originally meant anything that you put up on a video display.

For example, there is U.S. Patent 5,593,114 Synthetic Vision Automatic Landing System issued
January 14, 1997 to Ruhl (Assignee McDonnell Douglas Corporation). {Ref. 2}

From Column 2, lines 16 - 27:

The instant invention is an Enhanced or Synthetsiovi (also called Autonomous) Landing
System (E/SV). This system allows the pilot to vigne approach scene with the use of a
forward looking radar or equivalent sensor whicbvtes the means of identifying the runways
and the airport and land the aircraft using thematic landing systems on virtually all types of
aircraft. A pilot effectively turns the flight tagkuring zero visibility or other low visibility
weather conditions into a synthetic "see to lampraach because the image from the forward
looking sensor provides sufficient detail to tunyanstrument landing into what appears to be a
visual landing.

In this patent Enhanced or Synthetic Vision is a display of the data from a forward looking radar or
equivalent sensor.

This was also the FAA’s definition at the time, in their Synthetic Vision Technology Demonstration,
Volume 1 of 4, Executive Summary (Ref 3}. From PDF page 10:

1.1 BACKGROUND

In 1988 the Federal Aviation Administration (FAA),cooperation with industry, the United
States Air Force (USAF), the Navy, and several ogfoeernment organizations initiated an
effort to demonstrate the capabilities of existi@ghnologies to provide an image of the runway
and surrounding environment for pilots operatingraift in low visibility conditions. This effort
was named the Synthetic Vision Technology DemotistrdSVTD) program. Its goal was to
document and demonstrate aircraft sensor and systeisrmance achieved with pilots using
millimeter wave (MMW) radar sensors, a forward-lowkinfrared (FLIR) sensor, and a head-up
display (HUD).

And from PDF pages 11,12:
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1.2. OBJECTIVE

The objective of the Synthetic Vision Technologynistration program was to develop,
demonstrate, and document the performance of avisility, visual-imaging aircraft landing
system. The experimental Synthetic Vision Systemmanents included on-board imaging
sensor systems using millimeter-wave and infragetiriology to penetrate fog, and both head-
up (HUD) and head-down (HDD) displays. The displpgesented the processed raster image of
the forward scene, combined with suitable aviomiased stroke symbology for the pilot's use
during a manually flown approach and landing. Tkgegimental system, sometimes referred to
as a functional prototype system, included allfthrections (in prototype form only) required to
accomplish precision, non-precision, and non-imsgnt approaches and landings in low
visibility weather conditions.

In the AUVSI Authors’ own article they equate “pictorial format avionics” with “synthetic vision.”
[Paragraph 10]:

Pictorial format avionics (i.e., synthetic visidoymed a key ingredient of the Air Force Super
Cockpit concept.

Boeing’s report Multi-Crew Pictorial Format Display Evaluation {Ref. 4} describes what Pictorial
Format means (PDF Page 17):

The Multi-Crew Pictorial format Display Evaluatiéirogram is the third in a series of contracted
efforts, sponsored primarily by the Air Force Fligdynamics Laboratory, Crew Systems
Development Branch, (AFWAL/FIGR). In the first dfese efforts, conceptual displaysre
developed for six primary fighter crew station ftians: primary flight tactical situationstores
managemensystems statugngine statysand_emergency procedur@suer and Quinn, 1982).

In the second contract, Pictorial Format Displanlaation (PFDE), the Boeing Military
Airplane Company continued the development beybedaper formats of the earlier program
and implemented the results in a piloted simulatiomo simulation studies were conducted to
evaluate the usability and acceptability of picbformat displays for single-seat fighter aircraft
to determine whether usability and acceptabilityenaffected by display mode -- color or
monochrome; and to recommend format changes bastg simulations. In the first of the two
PFDE studies, pictorial formats were implemented ewaluated for flight, tactical situation,
system status, engine status, stores managemergnsrgency status display$e second
PFDE study concentrated on the depiction of thdeé The number of threats and the amount
and type of threat information were increased. BYDE studies were reported in Way,
Hornsby, Gilmour, Edwards and Hobbs, 1984.

Pictorial Format Avionics is pictures. That explains why it is called Pictorial Format Avionics.
Why can’'t we use the term “Synthetic Vision” to mean anything we want it to mean?
1. Itis sloppy.

2. The FAA has a definition for “Synthetic Vision” and if you want an FAA type certificate for your
Synthetic Vision product you have to use their definition.
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{Ref. 5 — FAA current definition of synthetic vision}

Synthetic vision means a computer-generated imatiee@xternal scene topography from the
perspective of the flight deck that is derived fraircraft attitude, high-precision navigation
solution, and database of terraistacles and relevant cultural features.

{Emphasis added}

{Ref. 6 — FAA Synthetic Vision is based on a Digital Elevation Database}

“Everyone gets their data from the same originarse.”

“If accuracy of data base must be validated thensSyhapproveable.”

“Current resolution tends to round-up the elevatiataso that small errors are not as significant
and on the conservative side.”

{Emphasis added}

Therefore, Synthetic Vision means a computer-generated image of the external scene topography from
the perspective of the flight deck that is derived from aircraft attitude, high-precision navigation solution,
and digital terrain elevation database, obstacles and relevant cultural features.

Implicit in this is that in order for the external scene topography to be viewed from the perspective of the
flight deck it has to be a 3D projected view and that the digital terrain elevation database must represent
real terrestrial terrain, as opposed to terrain that is simply made up.

Digital Terrain Elevation Database

The Digital Terrain Elevation Database is also called the Digital Elevation Database or Digital
Elevation Model . From Ref. 7:

The USGS Digital Elevation Model (DEM) data fileg aligital representations of cartographic
information in a raster form. DEMs consist of a géad array of elevations for a number of
ground positions at regularly spaced intervals.s€hdigital cartographic/geographic data files
are produced by the U.S. Geological Survey (USGS$)aat of the National Mapping Program
and are sold in 7.5-minute, 15-minute, 2-arc-sedafsb known as 30-minute), and 1-degree
units. The 7.5- and 15-minute DEMs are includethalarge scale category while 2-arc-second
DEMs fall within the intermediate scale categorg drdegree DEMSs fall within the small scale
category - (Source: USGS)

The Digital Elevation Model was substantially improved by STS-99 when Endeavour's international crew
of seven spent 11 days in orbit during February 2000 mapping the Earth's surface with radar
instruments. {Ref. 8}
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Displaying the Digital Elevation Database

Now that we have a Digital Elevation Database consisting of a sampled array of elevations for a number
of ground positions at regularly spaced intervals, what do we do with it? The database is just elevation
points.

If you display only points there is ho way to remove "hidden points" because there are no surfaces to test
them against. (Things can only be hidden behind surfaces.) The result is a jumble which looks like this
(the only useful features are the highest peaks):

This following picture shows the same scene rendered in polygons. (The polygons are crude because |
had only a few colors to work with and there is no clipping, only polygon sorting):
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After you have used the digital elevation points to produce polygons you can shade and blend the
polygons so that the underlying polygons may no longer be obvious. Honeywell did an excellent job in
their IPFD (Instrument Primary Flight Display) {Ref. 9}:

I v Low 26 |

(15)
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NASA HIMAT

The AUVSI Authors have gone to considerable lengths to persuade readers that NASA’s HIMAT project
was Synthetic Vision [Paragraphs 11 — 14]. It wasn't.

HIMAT - Summary

Sarrafian (Ref. 11}

1. "The vehicle was flown with cockpit display instruments until the landing approach phase of the flight
when the camera aboard the aircraft was activated to provide the pilot with a television display during the
approach.”

2. During the operational phase of the HIMAT program, a simulator was used to adjust the control laws
for the primary control system. The display presented to the pilot of this simulated system was a display
of an instrument landing system (ILS).

3. Separately, a study was undertaken to compare evaluations of pilots using a simulated visual display
of the runway scene and a simulated ILS display with the results of actual flight tests, using the HIMAT
aircraft as a representative remotely piloted research vehicle.

There is no mention of a terrain database or any suggestion that the simulated visual display of the
runway scene was ever used to control a real aircraft. It was never anything other than a simulation.

From Evans and Schilling {Ref. 13}%:

Visual Landing Aid

Actual. - Cues to the pilot during landing included thelqamt instruments, ILS/glideslope error
indicators, television transmission from the vehjidalls on the radio from the chase pilot, andtepa
positioning calls from the flight-test engineer.

Simulation model- For most of the program, the landing cues ferghot in a HIMAT simulation
included only the instruments, mapboards, andltBéglideslope error indicators. Although these are
all valid cues, they could not achieve the samecefis the television transmission used in actual
flight. During flight, as soon as the pilot canndiéy the runway, his scan focuses more on the
television picture and less on the cockpit instrateeTo help alleviate this lack of fidelity in the
simulation, a display of the runways on the dryelaéd was developed on a recently purchased Evans
and Sutherland Graphics System.

-NB7-



HIMAT Details

From NASA's description of the HIMAT project {Ref. 10}:
Highly Maneuverable Aircraft Technology

From mid-1979 to January 1983, two remotely pilptsgerimental Highly Maneuverable Aircraft
Technology (HIMAT) vehicles were used at the NASA/@en Flight Research Center at Edwards,
Calif., to develop high-performance fighter tectogés that would be applied to later aircraft.
Each aircraft was approximately half the size ofFat6 and had nearly twice the fighter's turning
capability.

and, later:

The small aircraft were launched from NASA's B-B2rier plane at an altitude of approximately
45,000 feet. Each HIMAT plane had a digital on-lobb@@mputer system and was flown remotely
by a NASA research pilot from a ground station with aid of a television camera mounted in the
cockpit. There was also a TF-104G chase aircraft with backuntrols if the remote pilot lost
ground control.

NASA's article says it was flown remotely by a pilot using a television camera in the aircraft. It does not
say it was flown using what is now known as synthetic vision. (As previously explained, the definition of
the term "synthetic vision" has changed over the years.)

It does say:

Dryden engineers and pilots tested the control fawthe system, developed by the contractor, in a
simulation facility and then in flight, adjustinggm to make the system work as intended.

and that is where the AUVSI Authors have gone astray, whether deliberately or through poor scholarship.

The AUVSI Authors cite the report by Shahan Sarrafian,"Simulator Evaluation of a Remotely Piloted
Vehicle Lateral Landing Task Using a Visual Display ." There are two Sarrafian reports with that title,
one dated May 1984, the other dated August 1984. See Ref. 11 which contains links to the reports as
well as to mirrored copies. The August 1984 report has been converted to text to make it easy to search
and to quote from.

The title of the Sarrafian report gives an accurate description of his project, "Simulator Evaluation of a
Remotely Piloted Vehicle Lateral Landing Task Using a Visual Display ."

It was a simulation.

Here is the Introduction from the report. It's a little long but it describes the heart of the matter. | have
underlined the parts that are especially relevant.

Introduction

The remotely piloted research vehicle (RPR\§ teol that can be used for exploring unproven and
advanced technologies without risking the life giilat. The flight testing of RPRVs(l) allows pragns
to be conducted at a low cost, in quick respongketoand, or when hazardous testing is required to
assure the safety of manned vehicles. Yet this ¢§pesting must be performed by the most versatile
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system available - the pilot. The pilot has the saesponsibilities and tasks as if he were onbtiaad
aircraft; this includes guiding the vehicle to &sanding. The only difference is that he mustoaeplish
this final task from a ground-based cockpit.

The highly maneuverable aircraft technologyMHIl) aircraft (Fig. 1) is a remotely piloted reselr
vehicle that has completed flight tests to demanstadvanced fighter technologies at NASA Ames
Research Center's Dryden Flight Research Facllitg. HIMAT vehicle is a 0.44-scale version of an
envisioned small, single-seat fighter airplane. frhgsion profile of HIMAT (Fig. 2) included a lauimc
from a B-52 aircraft and the acquisition of flighst data. The vehicle was then flown by a NASA tes
pilot in a fixed ground-based cockpit to a horizdnénding on the Edwards dry lakebed. The vehics
flown with cockpit display instruments until thentding approach phase of the flight when the camera
aboard the aircraft was activated to provide ttat piith a television display during the approach.

During the operational phase of the HIMAT piaor, the lateral-stick gearing gain used in theraiftc
approach was altered from a variable gain schgdeigved from simulation) to a constant gain schedu
The schedules were changed in response to pilopledmis about oversensitivity in the lateral stibkt
required high pilot compensation. Before the medifgain schedule was implemented into the primary
control system (PCS), it was evaluated in the HiBNfhulator using an instrument landing system (ILS)
display; the schedule was found to be satisfac®ogtflight comments from HIMAT pilots indicatecath
the handling qualities during landing approach wagaificantly improved as a result of the modified
gain schedule.

In a separate development, a visual displaiwvtiag used for engineering purposes was implerdente
into the simulator during the latter portion of flight test program when simulation was no longer
required to support the remaining fligh#ghile the addition of a visual display is knownsignificantly
improve the fidelity of a simulation system, theeddor such a system in RPRV simulation at Ames
Dryden was felt to be reduced since pilots hadgpodunity to conduct proficiency flights with an
RPRYV Piper Comanche PA-30 aircraft. Neverthele$&na visual display became available in the
simulation laboratory, a decision was made to daitex the effectiveness of this type of visual dasph
the simulation of visual RPRYV flighTthe RPRV evaluation described in this paper wagyded to focus
on the utility of a visual display of this type whstudying the influence of changes in lateratksti
gearing gains of remotely piloted research vehieledling qualities during simulated approaches and
landings. This study was undertaken to compareuatiahs of pilots using a simulated visual dispiay
the runway scene and a simulated ILS display wigresults of actual flight tests, using the HIMAT
aircraft as a representative remotely piloted nesegehicle.

What this says is:

1. "The vehicle was flown with cockpit display instruments until the landing approach phase of the flight
when the camera aboard the aircraft was activated to provide the pilot with a television display during the
approach.”

2. During the operational phase of the HIMAT program, a simulator was used to adjust the control laws
for the primary control system. The display presented to the pilot of this simulated system was a display
of an instrument landing system (ILS).

3. Separately, a study was undertaken to compare evaluations of pilots using a simulated visual display
of the runway scene and a simulated ILS display with the results of actual flight tests, using the HIMAT
aircraft as a representative remotely piloted research vehicle.
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There is no mention of a terrain database or any suggestion that the simulated visual display of the
runway scene was ever used to control a real aircraft. It was never anything other than a simulation.

Sarrafian does not show a picture of the ILS display. He probably assumed that anyone reading the
report in 1984 would know what one looks like.

The following is a modern picture and an explanation of an ILS display from NASA {Ref. 12}. Note that
the sky above the horizon line is blue; the ground below the horizon line is brown. There is no depiction
of terrain. This looks a great deal like what is now known as a Primary Flight Display.

| WiE =IL0 |

Instrument Landing System (ILS)

An aircraft on an instrument landing approach hesckpit with computerized instrument
landing equipment that receives and interpretsadsgioeing from strategically placed stations on
the ground near the runway. This system includéoealizer" beam that uses the VOR
indicator with only one radial aligned with the way. The Localizer beam's width is from 3° to
6°. It also uses a second beam called a "glidee$logam that gives vertical information to the
pilot. The glide slope is usually 3° wide with adte of 1.4°. A horizontal needle on the
VORV/ILS head indicates the aircraft's vertical piosi. Three marker beacons (outer, middle and
inner) are located in front of the landing runwag andicate their distances from the runway
threshold. The Outer Marker (OM) is 4 to 7 milesnfrthe runway. The Middle Marker (MM) is
located about 3,000 feet from the landing threshatd the Inner Marker (IM) is located
between the middle marker and the runway thresivblete the landing aircraft would be 100
feet above the runway.

The VOR indicator for an ILS system uses a horizbnéedle in addition to the vertical needle.
When the appropriate ILS frequency is entered tikonavigation radio, the horizontal needle
indicates where the aircraft is in relation to gide slope. If the needle is above the center mark
on the dial, the aircraft is below the glide slolb¢he needle is below the center mark on the
dial, the aircraft is above the glide slope.
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The following is a picture of the image Sarrafian produced in his simulator (Figure 9 - Simulated landing
approach conditions on glideslope):

The display was created with an Evans and Sutherland Picture System {Ref. 16} using a calligraphic
monitor. The term calligraphic means that the system only drew lines and dots. This type of system is
also called Random Scan because the electron beam in the CRT can be moved anywhere on the
screen, as opposed to a Raster Scan system, which draws a raster. Atari's term for Random Scan was
XY or Vector and was used in several games in the late 1970s and early 1980s such as Asteroids,
BattleZone, and Star Wars.

The solid areas are filled-in by drawing lots of lines.

The lines above the horizon are presumably meant to indicate the sky. The grid lines are presumably
meant to indicate the ground. There is no suggestion that the grid lines are produced from a digital
elevation database. There would be no reason to use a digital elevation database because the system
was used only to simulate landings. (Indeed, the name of the study is "Simulator Evaluation of a
Remotely Piloted Vehicle Lateral Landing Task Using a Visual Display.")
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Another HIMAT report is THE ROLE OF SIMULATION IN THE DEVELOPMENT AND FLIGH T TEST
OF THE HIMAT VEHICLE by M. B. Evans and L. J. Schilling {Ref. 13}.

From Evans and Schilling:
Visual Landing Aid

Actual. - Cues to the pilot during landing included thelqmt instruments, ILS/glideslope error
indicators, television transmission from the vehidalls on the radio from the chase pilot, andtspa
positioning calls from the flight-test engineer.

Simulation model- For most of the program, the landing cues ferghot in a HIMAT simulation
included only the instruments, mapboards, andltBéglideslope error indicators. Although these are
all valid cues, they could not achieve the samecefis the television transmission used in actual
flight. During flight, as soon as the pilot canmndiéy the runway, his scan focuses more on the
television picture and less on the cockpit instrateeTo help alleviate this lack of fidelity in the

simulation, a display of the runways on the dryelaéd was developed on a recently purchased Evans

and Sutherland Graphics System.

HIMAT was actually flown using cockpit instruments, ILS/glideslope error indicators, television
transmission from the vehicle, calls on the radio from the chase pilot, and space-positioning calls from
the flight-test engineer.

It was not flown using synthetic vision.

The AUVSI Authors have reproduced a picture in their article with the caption, “The HIMAT RPV remote
cockpit showing synthetic vision display. Photo courtesy of NASA.”

This picture is identical to the picture in Sarrafian Figure 5 {Ref. 11}, August 1984, PDF page 10} but the
Sarrafian picture has a different caption. It says, “ HIMAT simulation cockpit.”

EBCN 22757

The HIMAT RPV remote cockpit showing
synthetic vision display. Photo courtesy of
NASA.

Fig. 5 MIMAT simulation cockpit.
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The monitor shows a picture of the kind shown in Sarrafian Figure 8 or Figure 9 (along with a
considerable amount of what appears to be reflected glare). The picture was produced by an Evans and
Sutherland Picture System which requires a calligraphic monitor.

Here’s the thing. "The vehicle was flown with cockpit display instruments until the landing approach
phase of the flight when the camera aboard the aircraft was activated to provide the pilot with a television
display during the approach."

In order to display the video from the camera aboard the aircraft, the Ground Cockpit that controlled the
aircraft had to have a raster-scan monitor.

Raster-scan monitors and Calligraphic monitors are incompatible.

The picture shows the Simulation Cockpit, and the Simulation Cockpit could not be used to control the
aircraft.

Why did the AUVSI Authors change the caption?
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Visual-Proprioceptive Cue Conflicts in the Control of Remotely Piloted Vehicles, Reed, 1977

In paragraph 9 the AUVSI Authors state:

Also in 1979, the Air Force published research idiging human factors problems that would have
to be overcome in RPV cockpit design ("Visual- Rropeptive Cue Conflicts in the Control of
Remotely Piloted Vehicles" by Reed in 1977). NASAuld use this in the design of the HIMAT
RPV 3D visual system in 1984.

Ref. 14 provides the link to the Reed report.
This is what the Reed report was about:
1. From page 5 (PDF page 8):

An operator is asked to maneuver a remotely pilggdicle (RPV) from an airborne control
station (a mother shipYhis station is equipped with a television monitmntrol stick, and other controls
and displays necessary to maneuver the RPV thrawgglecified course. The RPV, containing a telemisio
camera mounted in its nose, relays an image detinain to be displayed on the television monitothie
control station. Thus, the visual scene displageithé operator represents the scene viewed by the
camera. The task of the operator is to use theasrdand displays to "fly" the RPV in much the same
way he would fly a conventional aircratft.

The scenario is complicated by several factorstHine visual inputs to the operator from the RIP&
independent of the motion inputs from the conttatien. Thus, the operator will experience motioes
that are uncorrelated with the visual inputs reegifrom the RPVSecond, while traditional pilot training
programs operate on the philosophy that proprieeegues provided by the motion of the aircraftiddo
be disregarded, research has shown that theseaesmpelling, not easily ignored, and may improve
performance when used in training simulators (B@egxample, Borlace, 1967; Cohen, 1970; Douvillier
Turner, McLean, & Heinle, 1960; Fedderson, 1961¢diaston & Rolfe, 1971; Rathert, Creer, &
Douvillier, 1959; Ruocco, Vitale, & Benfari, 1965)he task simulated in the experiment presented, her
however, required that the RPV operator disregandgations of motion in order to maintain adequate
performance. Under conditions of visual -propridogpconflict (as when the mother ship and/or the
RPV are in turbulence) the stereotypic respons@d@s to correct angular accelerations will be
inappropriate.

2. From page 7 (PDF page 10):

Visual systemThe visual system consisted of a three-dimenstenain model (a modified SMK-23
Visual Simulatoy The Singer Company), television camera and dpticde and three monochromatic
television monitors. The terrain model providedalrevorld ground cues for visual tracking over the
surface.The real-world to terrain model scale was 3,0@0d represented a six by twelve-mile (9.65 by
19.3 km) area. The model was mounted on an endédsthat was servo-driven to represent the
continuous changes in scene as the simulated RR®l&d along north-south directions. A television
camera viewed the terrain model through an oppicabe that contained a servoed mechanical assembly
to permit the introductions of heading, roll, anttip. Both the camera and probe were mounted on a
servo-driven carriage system that moved acrosteth@n model to simulate movement of the RPV along
east-west directions and in and out to simulaiaidl changes.
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The SMK-23 was also used in The Lunar Roving Vehicle (LRV) simulator {Ref. 15}. This shows what an
SMK-23 looks like.

The SMK-23 used a television camera with an optical probe to fly over the terrain model contained on a
servo-driven endless belt.

If Reed had had synthetic vision why would he have used the SMK-23 mechanical contraption?

The only link between Reed and HIMAT is that the HIMAT aircraft could be landed by either a ground-
based pilot or an airborne controller (the backseat chase pilot in the TF-104G aircraft). {Ref 13 — Evans
& Schilling, PDF page 9}

Actual.- The backup control system (BCS) is theosdoof the two independent flight control
systems required for the Hi MAT program. The BC&toal law is resident in one of the two
onboard digital computers. The BCS is a full-auitiypthree-axis, multirate digital controller
with stability augmentation functions and mode camnudhfunctions (ref. 4). Each of seven
modes is semiautomatic with the pilot providingediton by way of discrete command inputs.
The BCS commands elevons for pitch and roll cordaral rudders for yaw control, and has an
autothrottle for speed modulation.
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The BCS was designed to provide well-controlledaagits throughout the flight envelope, to
have the ability to recover from extreme attitudes] to bring the vehicle to a selected site and
effect a successful landing by either a ground-tb@slet or an airborne controller (the backseat
chase pilot in the TF-104G aircraft) was designed to provide these features farrestable
vehicle configuration of no more than 10-percehtaan aerodynamic chord center-of-gravity
location. The original HIMAT BCS was developed bgi@ddyne Ryan Aeronautical for the
onboard microprocessor computer, and was progranemigely in Intel 8080 assembly
language.

While HIMAT might have used the results of the Reed report to select the airborne controller (the
backseat chase pilot in the TF-104G aircraft) Reed did not use synthetic vision and neither did HIMAT.
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Simulators

The AUVSI Authors describe several flight simulators, such as the RC AeroChopper by Ambrosia
Microcomputer Products [Paragraphs 15 and 16] and Bruce Artwick’s “Flight Simulator” for the Apple II,
which ultimately became Microsoft Flight Simulator. [Paragraph 5]

RC AeroChopper was developed by David R. Stern at Ambrosia Microcomputer Products. The following
is from an email correspondence with Mr. Stern:

Question 1: Did AeroChopper use a 3D terrain da@ba

Mr. Stern: | guess it did, although the ground wadane with 3D objects (and a 2D runway)
scattered around (trees, pylon, towers with crasbfy under).

Question 2: If so, did it represent real terrektaarain?

Mr. Stern: No.

Question 3: Did AeroChopper do real 3D?

Mr. Stern: Yes. All the objects including the aait were described by a list of points, a lispofnt

pairs for lines and a list of which points wereearch polygon, each point had an x,y and z
component. The original version was started in 1984wn at the first R/C show (I think in Storm
Lake lowa) in the summer of 1986, had only vectapgics. About 1990 | changed to filled

polygons. The aircraft was rotated (pitch, yaw sty slightly each frame with respect to the fixed
coordinate system. Then the aircraft and all bamkigd objects were rotated and scaled depending on
the relative position of the "camera”.

The view on the screen was initially from a fixemlrg about eye level for a standing R/C pilot. The
"camera" rotated to keep the aircraft on the scrizetihe late 80s, | added two different viewpoint
options ("camera” flying near the aircraft) . Oneda was just behind the aircraft, looking in the
direction the aircraft was pointed. The second cam®de followed the aircraft to keep it from
getting too far away but slowed and stopped asiticeaft got closer. You can often see the ground
objects from the air in these modes.

| developed the first version on the Atari 520 mputer in 68000 assembly language. Then |
developed an Amiga version and then a MacintossiamerIn about 1991, | developed an 80286
version for a DOS machine. (The latest versioniregua Windows 98 or older machine with an
RS232 port and runs under DOS)

RC AeroChopper was a significant achievement for the home computers available at the time and was a
highly regarded simulator {Ref. 17} but:

1. It did not use a digital elevation database; “... the ground was a plane with 3D objects (and a 2D

runway) scattered around (trees, pylon, towers with crossbar to fly under),” and thus, did not
represent real terrestrial terrain.
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2. It did not provide a computer-generated image of the external scene topography from the
perspective of the flight deck that is derived from aircraft attitude, high-precision navigation solution,
and database of terrain, obstacles and relevant cultural features.

It was not synthetic vision. It was a simulator.

Now, let's discuss Microsoft Flight Simulator {Ref. 18}:

Flight Simulator 5.1 was released in 1995. Microsoft Flight Simulator did not start using 3D terrain until
Flight Simulator 2000 Pro, released in late 1999.

From Ref. 19:
GRAPHICS

We now have another complete globe to fly arounidh\ttie new mesh style scenery we have real
elevation points that make the surrounding temsim and fall like the real earth. We have no more
flat areas that just pop up into place at therasute during a landing approach!

Even then, it is not clear if the terrain database represents real terrain or is made up.

The article mentions the new GPS feature:
737 Panel

The 737-400 panel is very nicely done. Simple efsctive. This is where FS2000 is not much
different than FS98. However, the overall clarggloring, detailing and some new systems make it
much better. We now have nice popups for the tlergtiadrant, radio stack, compass and best of
all the new GPS.

The GPS is part of the simulated 737 control panel. There is no suggestion that a physical GPS unit can
be connected to the program.

A simulator is not synthetic vision. A simulator might do a good job simulating synthetic vision. It might

even use a Digital Terrain Elevation Database representing real terrestrial terrain, but that does not make
it synthetic vision. It is a simulator. If it does not control a physical aircraft it is not synthetic vision.
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When Did NASA Start Working on Synthetic Vision?

From Ref 20:

NEWS RELEASE

May 28, 1999

Synthetic Vision Could Help General Aviation PilotsSteer Clear of Fatalities

Hampton, Virginia -- Research Triangle Institutelaix companies are teaming up to develop
revolutionary new general aviation cockpit displaygive pilots clear views of their surroundings
in bad weather and darkness.

The RTI Team includes Flight International, Incewport News, Virginia. (a GA aircraft user)
and Archangel Systems, Inc., Auburn, Alabama, wigocammitted to early commercialization
and will make significant cost share contributiohle starting point for the new system is
Archangel's TSO'd and STC'd Cockpit Display System.

RTI also has teamed with Seagull Technology, lbas, Gatos, California (a GPS and
attitude/heading reference system technology fibngw Systems, Inc., San Marcos, Texas, (a
designer of low-cost head up displays), and Dubl&e&erino, Inc., Irvine, California (an
award-winning terrain database design companyadufition, FLIR Systems, Inc., Portland,
Oregon (an infrared instrument manufacturer) haseafto evaluate the costs and benefits of
existing weather penetrating sensor technology.

Limited visibility is the greatest factor in mositél aircraft accidents, according to the Aviation
Safety Program at NASA's Langley Research Centelaimpton, VA. The RTI team is among
six selected by NASA to develop different applioas of Synthetic Vision.

The RTI team will design, develop, and certify ax@etic Vision system for general aviation
aircraft. The purpose is to reduce or eliminatetiaied flight into terrain caused by visibility-
induced human error.

Synthetic Vision is a display system that will affelots an electronic picture of what's outside
their windows, no matter the weather or time of .dBlye system combines Global
Positioning Satellite signals with terrain datalsamed graphical displays to draw three-
dimensional moving scenes that will show pilots @kawhat's outside.

The NASA Aviation Safety Program envisions a systéat incorporates multiple sources of
data into cockpit displays. The displays would sHmazardous terrain, air traffic, landing and
approach patterns, runway surfaces and other dbstHtat could affect an aircraft's flight.

The NASA Aviation Safety Program is a partnershiphwthe FAA, aircraft manufacturers,
airlines and the Department of Defense. This pastme supports the national goal
announced by President Clinton to reduce the fatalaft accident rate by 80 percent in
10 years and by 90 percent over 25 years.
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Research Triangle Institute is an independentfargbrofit organization that conducts R&D
and provides technical services to industry andegoment. With a staff of more than
1,600 people, RTI is active in aerospace and mahgrdields of applied technology. RTI
was created in 1958 as the centerpiece of NortbliGals Research Triangle Park, where its
headquarters are located. RTI's Aerospace Techydlegter in Hampton, Virginia, will carry
out the Synthetic Vision project.

In a separate press release dated May 13, 1999 NASA announced {from Ref. 21}:

Industry teams submitted 27 proposals in éategories: commercial transports and business
jets, general aviation aircraft, database develapraed enabling technologies. NASA
and researchers from the Federal Aviation Admiaigin and Department of Defense evaluated
the proposals' technical merit, cost and feasybilit

NASA has committed $5.2 million that will beatched by $5.5 million in industry funds to
advance Synthetic Vision projects over the nexinbiths. More money is expected to be
designated later to accelerate commercializatiohnaake some systems available within four to
Six years.

Among the team leaders selected for the fiinsise of the program are: Rockwell Collins, Inc.,
Cedar Rapids, IA; AvroTec, Inc., Portland, OR; Reshk Triangle Institute, Research Triangle
Park, NC; Jeppesen-Sanderson, Inc., Englewoodl&RAvionics Engineering Center of Ohio
University, Athens, OH; and Rannoch Corporatiorexandria, VA.

Rockwell Collins, Inc. will receive funds t@delop synthetic vision for airliners and business
jets. The AvroTec, Inc. and Research Trianglatiist groups will use their awards
to create technologies for a general-aviation snttvision system. A team led by Jeppesen-
Sanderson, Inc. will receive funds to develop taerdatabase requirements and system
approaches. The Avionics Engineering Center obQhiversity and Rannoch Corporation will
use their awards to design specific component tdolgres for Synthetic Vision.
When did NASA start working on Synthetic Vision?

The answer is: 1999.

When did NASA first use synthetic vision to control a UAV?
It was in the X-38 project.
From Ref 22: "Virtual Cockpit Window" for a Windowless Aerospacecraft

Wednesday, January 01 2003

A software system processes navigational and sgirgormation in real time to generate a
three- dimensional- appearing image of the extexnaironment for viewing by crewmembers
of a windowless aerospacecraft. The design of #mggolar aerospacecraft (the X-38) is such
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that the addition of a real transparent cockpitdeww to the airframe would have resulted in
unacceptably large increases in weight and cost.

When exerting manual control, an aircrew need#otsrrain, obstructions, and other features
around the aircraft in order to land safely. Th@8&is capable of automated landing, but even
when this capability is utilized, the crew stillats to view the external environment: From the
very beginning of the United States space progcaews have expressed profound dislike for
windowless vehicles. The well-being of an aircreveonsiderably promoted by a three-
dimensional view of terrain and obstructions. Thespnt software system was developed to
satisfy the need for such a view. In conjunctiothvei computer and display equipment that
weigh less than would a real transparent windois, sbftware system thus provides a "virtual
cockpit window."

The key problem in the development of this softweygtem was to create a realistic three-
dimensional perspective view that is updated ihtrege. The problem was solved by building
upon a pre-existing commercial program — LandFoi@n-€that combines the speed of flight-
simulator software with the power of geographimmfation-system software to generate real-
time, three-dimensional-appearing displays of teraad other features of flight environments.
In the development of the present software, theegigting program was modified to enable it to
utilize real-time information on the position arttitade of the aerospacecraft to generate a view
of the external world as it would appear to a pelsoking out through a window in the
aerospacecraft. The development included innovaiiomealistic horizon-limit modeling, three-
dimensional stereographic display, and interfaoesitilization of data from inertial-navigation
devices, Global Positioning System receivers, asdrlrangefinders. Map and satellite imagery
from the National Imagery and Mapping Agency caodle incorporated into displays.

The Press Release from Rapid Imaging Software, Inc., which did the synthetic vision work for the X-38,
states {Ref. 23}

On December 13th, 2001, Astronaut Ken Ham sucdéséiewy the X-38 from a remote cockpit
using LandForm VisualFlight as his primary situateowvareness display in a flight test at
Edwards Air Force Base, California. This simulatesditions of a real flight for the windowless
spacecraft, which will eventually become NASA's\&iReturn Vehicle for the ISS. We believe
that this is the first test of a hybrid synthetision system which combines nose camera video
with a LandForm synthetic vision display. Descrilligdastronauts as "the best seat in the
house", the system will ultimately make space tragéer by providing situation awareness
during the landing phase of flight.
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Other References cited by the AUVSI Authors

"Pathway-in-the-Sky Contact Analog Piloting Display ;" Knox and Leavitt, 1977

In the article the AUVSI Authors state in Paragraph 7:

In 1977, NASA researcher Charles Knox publishedhi®ay-in-the-Sky Contact Analog
Piloting Display," which included a complete desfgna synthetic vision system. It featured a
computer that projected a 3D view of the terrairegian aircraft's position and orientation. This
out-the-window perspective view was displayed @R type display. Such displays were
called "Pictorial Format" avionics systems, butreeognize them as containing all of the
essential elements of a modern synthetic visioplalys

The pictures that will be reproduced shortly are from the Knox report (Charles E. Knox and John Leauvitt).
I have placed them with the descriptions from Knox pages 3-4. The complete Knox report is Ref. 24.

Everything comes together in Knox Figure 4, which shows the Airplane track-angle pointer and scale, the
Airplane symbol with shadow superimposed, the Flight-path-angle scale, the Flight-path prediction
vector, the Earth horizon, the Roll pointer, the Airplane altitude deviation from path, the Airplane flight-
angle bars, the Programmed path-angle indicator, the Potential flight-path-angle box, and the
Programmed flight path.

The Programmed flight-path consists of two three-dimensional lines showing the predicted flight path of
the airplane. Knox and Leavitt's work is significant but there is no terrain, there is no digital elevation
database. There is no synthetic vision.

From Knox Description of Path-in-the-Sky Contact Analog Pilot ing Display {Ref. 24}:

Display Symbology

The format of the PITS contact analog display shaivggane attitude information in the form of bank
angle and pitch changes. Airplane performancenmton is shown in the form of airplane flight-path
angle and flight-path acceleration (which may beduss thrust- or energy-management control). Both
vertical and lateral path deviations during a tragitask are shown in pictorial form.

Path-tracking situation information is shown thieagcombination of an airplane symbol, a vertical
projection of the airplane symbol with an extendester line drawn at the altitude of the pathightf
path predictor, and a drawing of the programed (@thl). These four pieces of symbology are
drawn in a perspective display format as if theeoles's eye were located behind and above the
airplane.

The airplane symbol is a tetrahedron with a smigtesthedron at the tail to visually enhance pitch

changes. The airplane's true position with redpetie path is at the symbol's apex. The symbigl rol
and pitches about its apex in accord with the agalane's attitude.
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Altitude deviations from the programed path aréceted to the pilot pictorially by a vertical proj@n
of the airplane symbol. The projection, drawn wliished lines, may be thought of as a shadow; as
shown in figure 2, it remains directly above oodaethe airplane at the altitude of the path. If the
airplane is above the programed path, the shadpeaapto be below the airplane symbol. If the
airplane is below the programed path, the shad@&as to be above the airplane symbol.
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Since the shadow is always drawn directly aboumetmw the airplane symbol, the pilot may readily
identify lateral tracking deviations when they eoenbined with a vertical tracking error. Figure 3
shows the perspective view of the shadow, theaaiggbymbol, and the path when the airplane is above
and to the left of the path.
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Altitude deviations from the programed path are sl®own to the pilot in numerical form in a box in
the upper right-hand corner of the display (fig-14e pilot is expected to use this information miie
path and shadow are out of the display field olvy®ich as could occur during initial path captures

A flight-path prediction vector (fig. 4) in the lontal plane is attached to the shadow. The gredic
vector, indicated by a dashed line, shows theasigd predicted path for the next 10 sec basdteon t
airplane's present bank angle and ground speeext@nded shadow center line drawn from the apex
of the shadow in the direction of the present teawlle, is also shown to aid the pilot with theralt
tracking task.
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Figure 5 shows the flight-path prediction vectad #me present track indicator with the airplanain
left bank of 13.
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“The Electronic Terrain Map: A New Avionics Integra tor" , Small, D.M., 1981

In the article the AUVSI Authors state in Paragraph 8:

In 1979, the U.S. Air Force completed its "Airboigkectronic Terrain Map Applications Study"
and in 1981 published "The Electronic Terrain Malew Avionics Integrator” describing how
a computerized terrain database could be displageuh out-the-window 3D view allowing the
pilot to "see" even at night and in other limitadibility situations.

No, Small did not describe “how a computerized terrain database could be displayed as an out-the-
window 3D view allowing the pilot to ‘see’ even at night and in other limited visibility situations.”

The Small report discusses the concept of a digital Electronic Terrain Map (ETM) and proposes that it be
used for:

Navigation;

Terrain Following/Terrain Avoidance (TF/TA);
Threat avoidance, analysis, warning, and display;
Terrain Masking;

Weapon delivery;

Route planning.

ogrwnNE

He does say, “An electronic map subsystem can generate perspestanes, which are essentially
computer generated images of the surrounding areban electronic map should be much easier to
interpret,”but:

1. The statement must be understood according to the meaning it would have had at the time the
article was written (circa 1981); and

2. Wishing for a desired result is not the same as teaching how to do it.

This is what the Small report {Ref. 25} is about:

From the section INTRODUCTION:
INTRODUCTION

Currently, the Air Force has in the inventory paged film map systemsvhich were
developed to support the high and level flight emwment. These maps were an effective means
of tapping the vast files of information storede Defense Mapping Agency (DMA) data base,
when the crew had time to study and interpret tfiarfact, much of their value was actually
obtained from pre-flight mission preparations)eintews with pilots indicate that paper maps
are less useful for low altitude flightSilm maps with CRT annotation are somewhat belbiegtr
still have a fundamental limitation in that it taken operator to access any information. That is,
it is not possible to transfer information diredilgm the data base to any other avionics system
when it is stored on paper or film maps in whatssentially an analog form.

The map reading process is a demanding task thdiecgaimplified by using a digital
map subsystem which accesses the information nesdkgresents it in a form which can be
easily interpretedAt low altitude, and with a line of sight limited the next ridge line, it's very
difficult to interpret standard paper maps, whioh presented as a vertical projection of a large
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area._An electronic map subsystem can generatpgmtrge scenes, which are essentially
computer generated images of the surrounding arehan electronic map should be much
easier to interpret. In addition, essential infatiorafrom the map data base can be placed on the
pilots Head Up Display, reducing the need for héaan operations.

Paper maps are clumsy to use, whether you are flying an aircraft or driving a car. An electronic map, if
properly done, would make using a map easier.

However, whether the map is electronic or on paper, you still have to know where you are. Small has not
addressed that issue in this section.

The issue of what Small might mean by “perspective scenes” will be addressed later.

From the section FUTURE AIRCRAFT SYSTEM:

FUTURE AIRCRAFT SYSTEM

The purpose of adding an ETM subsystem to a fiaui@nics suite is to provide map
data and displays that can be interfaced with atbbsystems to improve the performance of the
terrain following/terrain avoidance (TF/TAthreat avoidancand_navigatioravionics
subsystems. The requirement for the simultaneocisagige of processed map data by three or
four avionics subsystems will be the most diffiallijective and important feature of the ETM.
Development and incorporation of the advanced EBNcepts and technologies will be required
to augment future threat avoidance, navigationTAEAnd weapon delivery avionics
subsystemsApplications/examples of using these ETM concept¥/or technologies and the
utilization of an ETM subsystem as a source ofnmiation follows.

TE/TA

The first example will be the automatic TF/TA avimsubsystem. Our existing
automatic TF subsystems operate using only acéiue®s as sources of terrain profile
information (i.e. radar)This makes the subsystem totally dependent ohntii@tions of this
single information source. In case of radar, rasdenited to line of sight. Absolutely no
information is available beyond line of sigfitis forces the TF subsystem to provide
unnecessarily large clearances over ridges to dheiébllowing peak which may or may not be
imminent._Further, the TF subsystem must radiataroalmost continuous basis to provide a
continuous terrain profileConsequently detection and jamming are TF suesyst
vulnerabilities. A digital terrain map could proeié second source of information to the TF
flight command processing subsystem and the uigeahap could serve as a backup in case of
radar failures or jammingrhe ETM could provide information concerning begdine of sight
conditions, enlarge the total field of view scanh@dturning, and avoid the reduction of the duty
cycle of the radar emissiom fact, this ability to scan the terrain to th@eswithout turning and
looking beyond the line of sight makes it possiblethe first time to consider true automation of
the TA function. Because of limitations in the ¢xig DMA data base, the approach should be
cautious and an active sensor will be needed teerabkolute clearance measuremddte the
less, the application of stored data, to the THfféblem can potentially have tremendous
impact on Air Force capabilities in the low altieulight mission.
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1. Existing Terrain Following systems use active radar to profile the terrain. The radar is line-of-sight, so it

2.

cannot see farther terrain hidden by closer terrain.

An Electronic Terrain Map would allow you to determine what is over the next ridge. However, “Because
of limitations in the existing DMA data base, the approach should be cautious and an active sensor will
be needed to make absolute clearance measurements.

You still need to know where you are so you can locate your position on the map.

THREAT AVOIDANCE

The second example will be the threat avoidancengss subsystem. The whole purpose
of low altitude missions is to reduce the prob&pitif detection and attrition. If the threat
avoidance problem is solved without regard to tdoation and lethal range of threats, the
resultant path may place the aircraft in greatepgedy than before. Terrain masking and launch
dynamics limitations must be exploited to the fslleCareful selection of the aircraft’s routes to
the target may be done by the crew or automatichilgither case, a digital map is required to
provide the terrain information and the positiortled threats identified by the avionics system.
Pre-mission planning can provide a starting pantliis analysis, but the dynamics of the threat
assessment makes it essential that the crew becatddefine the mission as new information is
received from command and control functions ortk@aircraft’s own suite of threat defense
sensors.

If you have a good terrain map you can use the terrain to hide your aircraft from those whom you do

not want to know where you are or if you are even in the area.
. If your terrain map shows you where the threats are, don’t go there.

You still have to know your map position.

NAVIGATION

The third example will be the navigation avioniabsystem. With the addition of a
correlator to the avionic suite and using the oarisensors together with the ETM, navigation
can be accomplished. Also, by displaying the rililges derived from stored terrain data on the
head up display, passive navigation is possiblecegethe ETM could also improve the
utilization of the navigation subsystem.

Small does not say what he means by a “correlator” or which onboard sensors he would use them with.
There can be several types of “correlators.”

1. You can visually look out your aircraft window at the terrain (mountains, lakes, rivers) and cultural
features (towers, highways) and then look at a map and try to find them. Then you figure out where you
would be on the map to see what you are seeing. The map can be paper or electronic. An example of a
paper map converted to digital format is in Ref 26. This is part of the Washington Sectional Aeronautical
Chart, Scale 1:500,000 55th Edition, published March 3, 1994 by U.S. Department of Commerce
National Oceanic and Atmospheric Administration National Ocean Service. Click Here for map PDF. If
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you are not familiar with the symbology used in paper sectional maps here is the Washington Legend.

If you use the Zoom and Pan features of Acrobat you will see the advantages of an electronic version of
a paper map (i.e., a digital map).

2. You can use a computer to do the correlation, such as the method taught by Horn and Bachman in
Using Synthetic Images to Register Real Images witBurface Models{Ref. 27}

Abstract: A number of image analysis tasks can benefit from registration of the image with a model
of the surface being imaged. Automatic navigation using visible light or radar images requires exact
alignment of such images with digital terrain models. In addition, automatic classification of terrain,
using satellite imagery, requires such alignment to deal correctly with the effects of varying sun
angle and surface slope. Even inspection techniques for certain industrial parts may be improved by
this means.

Small has not mentioned Terrain Referenced Navigation. In Terrain Referenced Navigation a Radar or
Lidar is used to take a few elevation measurements of the terrain. These measurements are matched to
the terrain in a digital terrain elevation database.

An early example of Terrain Referenced Navigation is U.S. Patent 3,328,795 Fixtaking Means and
Method issued June 27, 1967 to Hallmark. {Ref 28} From Column 2, lines 18-53:

Previously proposed fixtaking and navigational sgst have sought to utilize terrain elevation
data, and they have been based upon the analogaasmpof sample data which are the
continuous, analog representation of continuousatians in terrain elevations, with similar
data contained in contour maps employed as sucleaat some of the sample and known data
hence have always been graphically or photograjhid@played on actual sheets of paper,
rectangles of photographic film, etc., and the galtepresented thereby have been shown as
physically measurable along at least two axes. lacaf the nature of the data employed,
cumbersome and unwieldly equipments for photogragavelopment, superposition of map
over map, orthogonal adjustments of one set of idd#ive to another, etc. have been
unavoidable sources of added weight, complexitypreand malfunction.

The present invention does not employ continuotestgprded, analog data, but has as one of its
bases the use of quantized terrain altitude inftondaken at discrete points. A numerical
comparison of sample and prerecorded data is peeiat high speed, and with results
predictable and repeatable for the same inputs, digital computer. Since the digital computer
and associated components are relatively unaffdmpteubise, vibrations, nuclear radiation, etc.,
no equipment is required for performing two-dimensil data comparisons, and no feedback or
nulling circuitry is needed for determining the pioof best physical correlation of the sample
with the pre-recorded data. As distinguished frgstems utilizing analog information, the
digital computer is free from the sources of etmoavoidably present where analog comparisons
are made and hence is not only more accurate lbiaesto tolerate relatively large errors in
sample and known data values without compromiskigking accuracy.

TERCOM (Terrain Contour Matching) uses contour matching instead of elevations. U.S. Patent
4,347,511 Precision navigation apparatus  issued August 31, 1982 to Hofmann , et al. (Ref. 29}
mentions:
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"Aviation Week & Space Technology”, Feb. 25, 19@dge 50, ff, discloses tH@rcomprocess. In
the latter, barometric measuring devices and ralfimeters produce altitude profiles during specifi
time intervals of a flight over characteristic tm. The one-dimensional differential profile beeme
the barometric altitude and altitude above grosncbimpared with a two-dimensional reference
profile. Here, the measured altitude profile isustigd until the best correlation is achieved, sb th
the exact position of the aircraft results.

There are some problems with Terrain Referenced Navigation and Tercom:

1. They are not reliable if the terrain changes after the Digital Terrain Map is made. Terrain can
change seasonally due to snow accumulations or permanently due to vegetation growth (trees) or
new buildings (technically, a cultural feature).

2. They do not work over large flat terrain. {See Ref. 30}
3. They do not work over bodies of water.

Although Terrain Referenced Navigation and Tercom systems that use Radar or Lidar still send out
signals that can be detected, the signals are far less detectable than the signals used in Small's
description of TF/TA systems. Small's TF/TA system uses a radar to scan the terrain, which is why it
cannot see beyond the next ridge.

Small’s omission of Terrain Referenced Navigation and Tercom is puzzling.

Small gives a choice between Radar-scanned terrain and finding your location on a map using an
undefined method of adding a correlator to the avionic suite and using the on-board sensors together
with the Electronic Terrain Map (ETM).

What did Small mean when he said, “An electronic map subsystem can generate perspective scenes,
which are essentially computer generated images of the surrounding area, and an electronic map should
be much easier to interpret?”

In the 1980s (and well into the 1990s) the conventional wisdom was that Real 3D graphics was too
computationally intensive to do in real time without large and very expensive hardware.

Honeywell was the leader in avionics. Harris was probably a close second. They both spent the 1980s
and 1990s competing with each other to see who could do the best fake 3D.

For example, U.S. Patent 4,660,157 Real time video perspective digital map display met  hod issued
April 21, 1987 to Beckwith, et al. {Ref. 31}

Instead of mathematically rotating the points from the database the '157 Patent accounts for the aircraft's
heading by controlling the way the data is read out from the scene memory. Different heading angles
result in the data being read from a different sequence of addresses.

From Column 3, lines 21 - 38:

The addresses of the elevation data read out cfciiee memory representing points in the two-
dimensional scene of the terrain are then transfdrio relocate the points to positions where
they would appear in a perspective scene of thaitermhus, each point in the two-dimensional
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scene is transformed to its new location in thejpective scene to be displayed on the viewing
screenand in the process, the data is automaticalgnoed with a heading-up disposition. The
transformed points are then stored in a speed tiaiféurther processing by sun angle and line
writing logic prior to being stored in a display mery from which data is read out to the display
screen. Since data in the display memory represer@go-one data to be displayed on the CRT,
this data will be referred to as pixels (pictureneénts) in terms of its storage in the display
memory for transfer to the CRT display.

The '157 patent accounts for the roll attitude of the aircraft by mathematically rotating the screen data
after it is projected. From Column 12, lines 42 - 47:

The points which are output by the perspectivestiam circuit 110 are supplied to a screen
rotation circuit 120 which serves to rotate thepldig data in accordance with the roll of the
aircraft so that the display will accurately deplat view as it would appear, if visible, through
the window of the aircraft.

Beckwith displays only points.

Fake 3D + Only Points does not qualify as what is now considered synthetic vision.

There is Honeywell's U.S. Patent 5,179,638 Method and apparatus for generating a texture mappe d
perspective view issued January 12, 1993 to Dawson, et al. (Ref. 32}

It even has the word “perspective” in the title, but the perspective it produces is a trapezoidal perspective,
not a real 3D projected perspective.

Dawson ‘638 incorporates by reference a number of other patents and patent applications, and
determining exactly what Dawson meant in ‘638 requires following a trail through these patents. The
short version is that what Dawson means by “perspective” is contained in U.S. Patent 4,884,220
Address Generation with Variable Scan Patterns  issued November 28, 1989 to Dawson (again), {Ref.
33} which is incorporated by reference by Dawson '638.

After discussing the shortcomings of prior art, Dawson '220 says (Column 2, line 56 through Column 3,
line 2):

This invention differs from the prior methods of perspective view generation in that a trapezoidal
scan pattern is used instead of the radial scan method. The trapezoidal pattern is generated by
an orthographic projection of the truncated view volume onto the cache memory (terrain data).
The radial scan concept is retained, but used for an intervisibility overlay instead of the
perspective view generation. The radial scan is enhanced to include a full 360 degree arc with
programmable attributes. The rectangular pattern retains the parallel scan methodology for plan
view map generation. Both a nearest neighbor and a full bilinear interpolation method of scan
address generation are implemented.

And now we know what Dawson means by "perspective."

A real 3D perspective is a 3D projection.

Anything else is Fake 3D.
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If you think Fake 3D is just as good as Real 3D then the next time someone owes you money tell them
that it's ok to pay you in fake dollars.

There is also the matter that Small is only wishing for a desired result. Wishing for a desired result is not
the same as teaching how to do it.

Not only did Small not teach it, he was not clear in saying what he was wishing for.

VCASS: An Approach to Visual Simulation , Kocian, D., 1977

In the article the AUVSI Authors state in Paragraph 6:

This emergence of computer flight simulation in ##850s appears to have sparked a
monumental amount of research. The U.S. Air Foegah its Visually Coupled Airborne
Systems Simulator (VCASS) program, with a particelge toward future-generation fighter
aircraft ("VCASS: An Approach to Visual Simulatiérisocian, D., 1977).

The Kocian report is available in Ref. 34.

Summary

Kocian is about using a Helmut Mounted Display (HMD) with a Head Position Sensing System to replace
large expensive hemispherical display systems used in simulators. The simulator is used to develop the
visual interface used by crew members to control advanced weapon systems. This visual interface can
then be used in airborne operations.

During simulation a representative visual scene is generated by the graphics or sensor imagery
generators but, from Paragraph 11 (emphasis added):

For an airborne VCASS capability, it is only necesary to install the VCS components along
with a small airborne general purpose computer in auitable aircraft and interface a
representative programmable_symbol generatoto an on-board attitude reference system in
order to synthesize either airborne or ground targés.

The airborne version does not synthesize a visual scene, so it is not synthetic vision.

Details

A Visually-Coupled System is one that visually clegathe operator to the other system components
through the use of a Helmut Mounted Display (HMDyl d&delmut Position Sensor. From Paragraph 9:

The key components of VCASS will be VCS hardwarecWwlncludes the HMS and
HMD. These components are used to "visually-coutble"operator to the other system
components he is using. AMRL has pioneered effartee research, development and testing of
these hardware techniques.
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A system using a Helmut Mounted Display with a Helmut Position Sensor is less expensive than the
hemispherical projection systems being used and produces better results. Paragraph numbers have
been added to the following paragraphs from Kocian.

[1] In recent years Air Force operational unitséaxperienced a continuing trend
downward in the number of flight hours in aircréfat can be provided to each individual pilot
for training and maintaining proficiency. This cosreg a time when aircraft systems are
becoming ever more complex and sophisticated reguaomparatively more hours for training
to maintain the same relative flying proficiencyitiMncreasing costs for fuel and aircraft and
the failure of DoD funding to keep pace with thessts, the trend is almost sure to continue. In
adjusting to the realities of keeping overall exgece at a satisfactory level and reducing costs,
procurement of aircraft simulators has become assity.

[2] The rapid proliferation of simulators with standard technical criteria as a guide has
resulted in the evolution of several different desapproaches. Most existing visual scene
simulators utilize electro-optical devices whicloject video imagery (generated from a sensor
scan of a terrain board or a computer generategamngaapability) onto a hemispherical dome
or set of large adjacent CRT displays arrangegtital mosaics with the weapon, vehicle, and
threat dynamics being provided by additional corapagapabilities.

[3] These large fixed-base simulators suffer fibwa following drawbacks. The majority
of the visual projection techniques used in the@seilators do not incorporate infinity optics
which provide collimated visual scenes to the ofmerd hose which do are large and expensive
and incorporate large CRT displays. The luminaegels and resolution of these displays are
usually low and do not represent true ambient dard in the real environment. Additionally,
hemispherical infinity optics are difficult to imgrhent and this technique requires excessive
computer capacity to generate imagery due to tkd far refreshing an entire hemisphere
instantaneously, regardless of where the crew membbaoking. In this regard, existing
computer capability is not used effectively to nhatitse channel capacity of the human visual
system. There are also generally no stereoscopit @ees provided for outside of-cockpit
scenes. Another important drawback to these silmngas that the visual simulation is not
transferrable to the actual flight environment, itee ground-based system cannot be transferred
to an actual aircraft to determine simulation visifid=inally, most existing techniques are very
expensive and do not allow the flexibility of inporating other display design factors such as
different head-up display image formats, fieldsviw (FOV), representative cockpit

visibilities, and optional control and display irfeeces.

[4] A quite different approach to solving the \a$presentation problems of aircraft
simulators is to employ the use of visually cougdtems (VCS). For many years it has been
the mission of the Aerospace Medical Research labpor to optimize the visual interface of
crew members to advanced weapon systems. Thisamisas been primarily pursued in two
areas: (1) the establishment of control/displayireeying criteria; and (2) the prototyping of
advanced concepts for control and display interfAceimportant part of fulfilling this mission
has been the development of VCS components whathdas head position sensing systems or
helmet mounted sights (HMS), eye position sensystesns (EPS) and helmet mounted displays
(HMD).
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During simulation a representative visual scene is generated by the graphics or sensor imagery
generators. From Paragraph 7:

A more detailed analysis of the problem has preducset of characteristics which a more
ideal aircraft simulator might possess. Of primanportance is that it should be a flexible visual
scene simulation providing synthesized out-of-tbekpit visual scenes and targeds
representative vehicle whose type can be alteneglat and weapon dynamics, flexibility of
control and display configurations, and inputs freemsor or real world imagery. It should be
portable if possible and provide alternatives f@vwe station display options including number
and configuration. This simulatshould also be useable in both simulated air-tatgd weapon
delivery and air-to-air engagement scenarios. Binalshould be possible to use the same
system in ground fixed base and motion base sionglas well as in aircraft.

However, the airborne version does not synthesize the out-the-cockpit visual scene. It only displays the
symbols used in its role as a weapons controller. That is why the airborne version only needs a small
airborne general purpose computer. From Paragraph 11 (emphasis added):

For an airborne VCASS capability, it is only necesary to install the VCS components

along with a small airborne general purpose computein a suitable aircraft and interface a
representative programmable_symbol generatoto an on-board attitude reference system
in_order to synthesize either airborne or ground tagets. This approach has the ultimate
flexibility of utilizing the samesymbol set threat dynamics, etc., in the air that were aadly

used in the ground simulation. In either casectlke&y member will engage electronic targets
(either air-to-air or air-to-ground) and launchottenic weapons. His performance in these tasks
in turn will be recorded and assessed for perfonaam utilized as training aids for the crew
member or operator.

The airborne version does not synthesize a visual scene, so it is hot synthetic vision as the term is now
used.

In addition, the Kocian report describes a work-in-progress. From Paragraph 19:

The design considerations involved in building brfe#-mounted display for the
VCASS simulation present a more formidable andesuiive set of problems whose solution is
not entirely clearlt is certain that a larger display field-of-viesvrequired but how large
remains an unanswered question. The optical phttsatsare part of the display design imposed
constraints which are difficult to resolve. Curtgnan interim display possessing a 60 degree
instantaneous field-of-view is planned for the VGA®owever, recent studies have shown that
this may not be large enough especially when viewild one eye. This leads naturally to
biocular or binocular configurations. A whole ho§thuman factors problems then becomes
important including brightness disparity, displagistration, and eye dominance. The decision
whether or not to include color also becomes a ngsign decisiomot only because of the
engineering development required but because gseptance may weigh heavily on this factor.

(The guestion whether or not to use color was later settled. The answer was color.)
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U.S. Patent 5,566,073 Pilot Aid Using A Synthetic Environment
issued October 15, 1996 to Margolin

This patent was not mentioned by the AUVSI Authors.

Abstract

A pilot aid using synthetic reality consists of aymo determine the aircraft's position and
attitude such as by the global positioning syst&i$), a digital data base containing three-
dimensional polygon data for terrain and manmadetitres, a computer, and a display. The
computer uses the aircraft's position and attitodeok up the terrain and manmade structure
data in the data base and by using standard congragghics methods creates a projected three-
dimensional scene on a cockpit display. This prssine pilot with a synthesized view of the
world regardless of the actual visibility. A secambodiment uses a head-mounted display with
a head position sensor to provide the pilot wityrthesized view of the world that responds to
where he or she is looking and which is not blodkgdhe cockpit or other aircraft structures. A
third embodiment allows the pilot to preview theteahead or to replay previous flights.

It teaches what is now known as synthetic vision in sufficient detail that it may be practiced by a Person
having Ordinary Skill In The Art without undue experimentation. A Person having Ordinary Skill In The
Art (POSITA) is a legal term that is often fought over during patent litigation.

This patent is a continuation of Application Ser. No. 08/274,394, filed Jul. 11, 1994, which is its filing
priority date. The earliest known description of the invention is in Ref. 35.

For those unfamiliar with Patent Law, the Claims are the legal definition of the invention. The purpose of
the Abstract is to provide search terms only.

See Ref. 36 for the patent. (I am the inventor named in the patent.)
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U.S. Patent 5,904,724 Method and apparatus for remotely piloting an aircr aft
issued May 18, 1999 to Margolin

This patent was also not mentioned by the AUVSI Authors.

Abstract

A method and apparatus that allows a remote airtwdfe controlled by a remotely located pilot
who is presented with a synthesized three-dimeasjmnmojected view representing the
environment around the remote aircraft. Accordmgnie aspect of the invention, a remote
aircraft transmits its three-dimensional positiowl @rientation to a remote pilot station. The
remote pilot station applies this information tdigital database containing a three dimensional
description of the environment around the remateraiit to present the remote pilot with a three
dimensional projected view of this environment. Témote pilot reacts to this view and
interacts with the pilot controls, whose signals ansmitted back to the remote aircraft. In
addition, the system compensates for the commuaoratielay between the remote aircraft and
the remote pilot station by controlling the sendiyi of the pilot controls.

It teaches the use of synthetic vision (as the term is currently used) for remotely piloting an aircraft. It

teaches it in sufficient detail that it may be practiced by a Person having Ordinary Skill In The Art without
undue experimentation.

This patent was filed January 19, 1996, which is its priority date.

For those unfamiliar with Patent Law, the Claims are the legal definition of the invention. The purpose of
the Abstract is to provide search terms only.

See Ref. 37 for the patent. (I am the inventor named in the patent.)

U.S. Patent Application Publication 20080033604
System and Method For Safely Flying Unmanned Aerial Vehicles in Civilian Airspace

In the interests of full disclosure | have the following patent application pending: U.S. Patent Application
Publication 20080033604 System and Method For Safely Flying Unmanned Aerial Vehicles in
Civilian Airspace.

Abstract
A system and method for safely flying an unmanrethvehicle (UAV), unmanned combat
aerial vehicle (UCAV), or remotely piloted vehi¢RPV) in civilian airspace uses a remotely
located pilot to control the aircraft using a syttt vision system during at least selected phases
of the flight such as during take-offs and landings

See Ref. 38 for the published patent application. (I am the inventor named in the application)
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The Future of Synthetic Vision

This is what the AUVSI Authors have said about synthetic vision [Paragraph 2]:

More recently it has evolved away from being atpilg aid to a potentially powerful tool for
sensor operators.

and [Paragraph 22]:

The recent availability of sophisticated UA&opilots capable of autonomous flight control
has fundamentally changed the paradigm of UAS dipergootentially reducing the usefulness
of synthetic vision for supporting UAS piloting k&s At the same time, research has
demonstrated and quantified a substantial improwemehe efficiency of sensor operations
through the use of synthetic vision sensor fusammhology. We expect this to continue to be an
important technology for UAS operation.

While | have no doubt that synthetic vision is very useful to the sensor operator, the news that its use in
piloting UAVs is on its way out came as a big surprise to me.

The AUVSI Authors have an ulterior motive in making the statements. Their real objective is to make
people believe synthetic vision no longer has value in controlling Remotely Piloted Vehicles (aka UAVS)
and that a Remotely Piloted Vehicle that is flown using an Autonomous control system is no longer a
remotely piloted vehicle and therefore a sensor operator may use synthetic vision without infringing U.S.
Patent 5,904,724. See Ref. 39 for the response Rapid Imaging Software’s attorney sent to Optima
Technology Group in 2006.

The statements made by the AUVSI Authors form a distinction without a difference unless there is a wall
between the sensor operator and the pilot that results in the sensor operator having no influence on how
or where the UAV is flown.

Consider the following scenarios:

1. The human sensor operator has synthetic vision; the human pilot does not. No communications is
allowed between the human sensor operator and the human pilot lest the human sensor operator
influence the human pilot where or how to fly the aircraft. Otherwise, it might be considered as
contributing to piloting the aircraft. This results in a decidedly sub-optimal system.

2. The human sensor operator has synthetic vision; the aircraft is flown autonomously (a machine pilot).
No communications is allowed between the human sensor operator and the machine pilot lest the human
sensor operator influence the machine pilot where or how to fly the aircraft. Otherwise, it might be
considered as contributing to piloting the aircraft. This also results in a decidedly sub-optimal system.
There are legal and political ramifications to this scenario.

Someone has to be responsible for the operation and safety of the flight. The FAA defines “Pilot in
Command” as {Ref. 5}:

Pilot in command means the person who:

(1) Has final authority and responsibility for the operation and safety of the flight;
(2) Has been designated as pilot in command before or during the flight; and
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(3) Holds the appropriate category, class, and type rating, if appropriate, for the conduct of the
flight.

It is unlikely that FAA will allow this responsibility to be delegated to a machine anytime soon. That's
where the political ramifications come in. A UAV (especially a completely autonomous UAV) that injures
or kills civilians would ignite a political firestorm that would ground the entire UAV fleet.

Since there must be a human in the loop to be responsible for the operation and safety of the flight, that
leaves a system where:

1. The human sensor operator has synthetic vision;
2. The pilot is a machine;

3. The operation and safety of the flight is held by a human (different from the sensor operator) who is
designated the Pilot-in-Command,;

4. No communications is allowed between the human sensor operator and the machine pilot or the
human sensor operator and the human Pilot-in-Command lest the human sensor operator influence the
machine pilot or the human Pilot-in Command where or how to fly the aircraft. Otherwise, it might be
considered as contributing to piloting the aircraft. This also results in a decidedly sub-optimal system.

Frankly, it is stupid to cripple the utility of a UAV system in order to avoid paying a small patent licensing
fee. Besides, the ‘724 patent is for the use of synthetic vision in a Remotely Piloted Aircraft. It is not
limited to the use of synthetic vision by the crew member designated as the Pilot.

An autonomous pilot would have to be really good.

Even after 100 years of aviation, pilots still encounter situations and problems that have not been seen
before. The way they deal with new situations and problems is to use their experience, judgment, and
even intuition. Pilots have been remarkably successful in saving passengers and crew under extremely
difficult conditions such as when parts of their aircraft fall off (the top of the fuselage peels off) or multiply-
redundant critical controls fail (no rudder control). Computers cannot be programmed to display
judgment. They can only be programmed to display judgment-like behavior under conditions that have
already been anticipated. UAVs should not be allowed to fly over people's houses until they are at least
smart enough to turn on their own fuel supply.

[ On Apr. 25, 2006 the Predator UAV being used by the U.S. Customs and Border Protection agency to
patrol the border crashed in Nogales, Ariz. According to the NTSB report (NTSB Identification
CHIOB6MA121) when the remote pilot switched from one console to another the Predator was
inadvertently commanded to shut off its fuel supply and "With no engine power, the UAV continued to
descend below line-of-site communications and further attempts to re-establish contact with the UAV
were not successful." In other words, the Predator crashed because the system did not warn the remote
pilot he had turned off the fuel supply and it was not smart enough to turn its fuel supply back on. {Ref.

40} ]
An autonomous UAV assumes the computer program has no bugs.

Complex computer programs always have bugs no matter how brilliant or motivated the programmer(s).
As an example, look at almost every computer program ever written.

An autonomous Unmanned Combat Aerial Vehicle (UCAV) will have little chance against one flown by
an experienced pilot using Synthetic Vision until Artificial Intelligence produces a sentient, conscious
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Being. At that point, all bets will be off because a superior sentient artificial Being may decide that war is
stupid and refuse to participate. It may also decide that humans are obsolete or are fit only to be its

slaves.
| propose yearly fly-offs:
1. A UCAV flown and fought autonomously against an F-22 (or F-35).

2. A UCAV flown and fought by a human pilot using synthetic vision against an F-22 (or F-35).

3. A UCAV flown and fought by a human pilot using synthetic vision against a UCAV flown and
fought autonomously.

And that is the future of Unmanned Aerial Systems.
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the space shuttle during STS-99. This radar sygeghrered data that produced unrivaled 3-D
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VISUAL PROPRIOCEPTIVE CUE CONFLICTS IN THE CONTRGDF REMOTELY PILOTED
VEHICLES

[. INTRODUCTION

An investigation was made of operator tracking @aniance under conditions of visual
proprioceptive conflict. (The terproprioceptionas used here refers to sensations arising from the
receptors of the nonauditory labyrinth of the incar and from muscles, tendons, and joints. Kiresssh
refers to sensations of movement arising from ¢oeptors other than the nonauditory labyrinth.) The
experimental scenario is described as follows: perator is asked to maneuver a remotely piloted
vehicle (RPV) from an airborne control station (ather ship). This station is equipped with a tedeon
monitor, control stick, and other controls and thgp necessary to maneuver the RPV through a sgecif
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course. The RPV, containing a television camerantexlin its nose, relays an image of the terraioeto
displayed on the television monitor in the congtaltion. Thus, the visual scene displayed to thezaipr
represents the scene viewed by the camera. Theftdls& operator is to use the controls and disptay
"fly" the RPV in much the same way he would flyaneentional aircratft.

The scenario is complicated by several factorstFihe visual inputs to the operator from the
RPV are independent of the motion inputs from el station. Thus, the operator will experience
motion cues that are uncorrelated with the visojaliis received from the RPV. Second, while traddlo
pilot training programs operate on the philosogiat proprioceptive cues provided by the motiorhef t
aircraft should be disregarded, research has siiwatrihese cues are compelling, not easily ignard,
may improve performance when used in training sataut (see, for example, Borlace, 1967; Cohen,
1970; Douvillier, Turner, McLean, & Heinle, 19602diderson, 1961; Huddleston & Rolfe, 1971; Rathert,
Creer, & Douvillier, 1959; Ruocco, Vitale, & Beniat965). The task simulated in the experiment
presented here, however, required that the RPVatpedisregard sensations of motion in order to
maintain adequate performance. Under conditiongsofal -proprioceptive conflict (as when the mother
ship and/or the RPV are in turbulence) the stemotesponses of pilots to correct angular acctters
will be inappropriate.

The objectives of the experiment were to obtaima dgiplicable to the following.

1. The relative difficulty of controlling an RPVdm an airborne station under different visual-mmotio
combinations (e.g., visual-motion combinations ratduce conflict, or no conflict).

2. The relative ability of pilots, navigators, amoihrated Air Force officers to operate an RPV from
an airborne station (i.e., the effect of previoygezience).

3. The differential effects of experience on thquasition of skills necessary to operate an RPV.
4. Selection and training of potential RPV operator

5. The need for motion in RPV training simulators.

Il. METHOD
Simulation System

This research utilized the Simulation and Trainftyanced Research System (STARS) facility
of the Advanced Systems Division, Air Force Humas®&urces Laboratory, Wright Patterson Air Force
Base, Ohio. The equipment consisted of an opestétion mounted on a motion platform, hydraulic
pump, terrain model, television camera and opficabe, experimenter station, and a Sigma 5 digital
computer. A brief description of the hardware syste presented as follows.

Operator stationThe operator station, illustrated in Figure 1swlasigned to simulate the
environment of an airborne control station. Thaieh contained a television monitor that provided
visual images relayed to h from a simulated RP\esBEwvisual images were generated from a television
camera and optical probe, which viewed the temzmadel. The path followed by the camera and probe
over the terrain model was commensurate with tiécleeflight path as determined by control stick
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inputs provided by the subject. Since the contiioksand visual system were independent of the omoti
platform, the capability existed for the subject to

5
[Figure 1. Operator station mounted on motion platf. {not usable}]

maneuver the simulated RPV under various enviromaheonnditions. This arrangement permitted the
introduction of conditions in which the RPV alotiee airborne station alone, or both, were under air
turbulence.

The subject sat in an aircraft-type seat dire@birfg a 14- by 11-inch (35.6 by 27.9 cm)
television monitor, which was mounted in a censatisnal panel of the operator console. The diganc
between the subject’s eyes and the center of theid®n screen was 28 inches (71.1 cm). The vigwin
angle subtended 28.9ih the lateral plane and 2228 the vertical plane of the monitor. An altimiter
altitude warning light, and an attitude directadicator (ADI) were mounted on a flat sectional ddoe
the left of the subject and at an angle of #6m the center panel (See Figure 2). The altimetes a
vertical straight-scaled indicator with a movingrer that provided altitude readings in feet absga
level. An amber altitude warning light flashed wheer the simulated RPV altitude dropped to a level,
below 180 feet (54.9 m), remained on whenevealtexceed 1,000 feet (304.8 m) and was off between
180 and 1,000 feet.

A 6-inch (15.2 cm) side-arm rate control stick wiasunted on the right-hand side console armrest
(see Figure 2). The control was a spring-centetiel with a dual-axis (fee positioning) capabilibyat
required 4 ounces, (113.4 g) breakout force. Theesamount of force was needed to hold the stidullat
deflection. The range of deflection on both latérigiht - left) and longitudinal (fore - aft) stickas O to
25° (henceforth referred to as 0 to 100 perceriedbn).

In addition, the operator station contained a gwatch to allow the subject to communicate with
the experimenters. White noise was input to thgestib headset to mask external disturbances. The
aircraft seat was equipped with a standard hamessapbelt to protect the subject. An air condiio
maintained the station at 76 (21.F C). Finally, incident illumination was at an avgeaof .37
footcandles at eye level.

6
[Figure 2. Operator station instruments and corsgtick. {not usable}]

Motion systemThe operator station was mounted on a motiorigotatthat provided onset cues
in two degrees of freedom of angular acceleratRwil onset cues were provided by tilting the sinimia
about the longitudinal axis (i.e., the X axis) goiith onset cues were provided by tilting the semr
about the lateral axis (i.e., the "Y' axis). Motwas achieved by actuation of hydraulic cylindesunted
under the 9- by 8-feet (2.74 by 2.4 m) simulatatfolm, as shown in Figure 1.

Visual systemThe visual system consisted of a three-dimensienain model (a modified
SMK-23 Visual Simulator, The Singer Company), te&den camera and optical probe, and three
monochromatic television monitors. The terrain mguaevided “real-world ground cues for visual
tracking over the surface. The real-world to termaiodel scale was 3,000:1 and represented a six by
twelve-mile (9.65 by 19.3 km) area. The model waginted on an endless belt that was servo-driven to
represent the continuous changes in scene astidased RPV traveled along north-south directigxs.
television camera viewed the terrain model throagloptical probe that contained a servoed mechanica
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assembly to permit the introductions of headind, amd pitch. Both the camera and probe were nmemlint
on a servo-driven carriage system that moved athesterrain model to simulate movement of the RPV
along east-west directions and in and out to sitawd#itude changes. The field of view represeed

the television monitor subtended a viewing angl&@fhorizontally and 38vertically over the terrain
model. One television monitor was mounted in therajor station and the other two were locatedeén th
experimenter station. All three monitors had a @;00e resolution vertically.

Experimenter statianThe experimenter station contained the equipmeog¢ssary to monitor the
status of the hardware/software and control a@wibf the subject, and to setup the various stisul
conditions. This station was manned by two expenters. The task of the first was to prepare théegys
for operation, insure that all hardware was opegagiffectively and reliably prior and during the
experiment, and set up the conditions for all expental trials in accordance with a prepared cHistk
The task of the second experimenter was to deterthimappropriate time for introducing specificratii
to the subject. When certain criteria were metgkgerimenter pressed a discrete hand-held ingdrdrb
to initiate a stimulus trial.

Computer system and interfacésSigma 5 digital computer was used to driveghgpkeral
equipment, and to record data during experimenta.rResident software consisted of a real-time
aerodynamic mathematical model, executive routind, data recording programs. The

7

Reference 15 Lunar Driving Simulator History
http://www.knology.net/~skeetv/SimHist3.html

Mirrored copy:http://www.jmargolin.com/svr/refs/refl5 lunar_drg_history.pdf

Reference 16- Evans & Sutherland Picture System:

Short Brochurehttp://www.computerhistory.org/brochures/compambp?alpha=d-f&company=com-
42h9d8b7f4191

Full Brochure:
http://archive.computerhistory.org/resources/texatts Sutherland/EvansSutherland.3D.1974.10264628

8.pdf

Mirrored copy:
Short Brochurehttp://www.jmargolin.com/svr/refs/ref16_esps_s.pdf
Full Brochure:http://www.jmargolin.com/svr/refs/ref16_esps_f.pdf
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Reference 17~ RC AeroChopper Revievattp://www.atarimagazines.com/startv3n9/rcaerocleosml|

Mirrored Copy:http://www.jmargolin.com/svr/refs/ref17_aerochoppéf

Reference 18- Microsoft Flight Simulator

Microsoft Flight Simulator 5.1 Screen Shot:
http://www.jmargolin.com/svr/refs/refl8 fs5_ 1 sarskot.pdf
Microsoft Flight Simulator Historyhttp://www.jmargolin.com/svr/refs/ref18 fs histqugf

Reference 13- Microsoft Flight Simulator’s first use of termgpoints:
http://www.flightsim.com/cgi/kds?$=main/review/fSAD htm

Mirrored copy: http://www.jmargolin.com/svr/refs/ref19 fs_firstipd

Reference 20- News releases from RTI (Research Triangle isfif Avidyne, AvroTec, and NASA
announcing NASA had selected those companies telaiea synthetic vision system for General
Aviation. www.jmargolin.com/svr/refs/ref20_nasal1999.pdf

Reference 21 NASA press release, May 13, 1998itp://quest.nasa.gov/aero/news/05-13-99.txt

Mirrored copy:http://www.jmargolin.com/svr/refs/ref21_nasa_pr.pdf

Michael Braukus
Headquarters, Washington, DC May 13, 1999
(Phone: 202/358-1979)

Kathy Barnstorff
Langley Research Center, Hampton, VA
(Phone: 757/864-9886)

RELEASE: 99-59
SYNTHETIC VISION COULD HELP PILOTS STEER CLEAR OFARALITIES

NASA and industry are developing revolutionaogkpit
displays to give airplane crews clear views ofrtearroundings
in bad weather and darkness, which could help prtedeadly
aviation accidents.

Limited visibility is the greatest factor inast fatal
aircraft accidents, said Michael Lewis, directotloé Aviation
Safety Program at NASA's Langley Research Centeliampton, VA.
NASA has selected six industry teams to createlt&yiat Vision,
a virtual-reality display system for cockpits, offeg pilots an
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electronic picture of what's outside their windows,matter the
weather or time of day.

"With Global Positioning Satellite signalslgi$ now can
know exactly where they are," said Lewis. "Addemaccurate
terrain databases and graphical displays and wereanthree-
dimensional moving scenes that will show pilotsalyavhat's
outside. The type of accidents that happen in psibility
just don't happen when pilots can see the terr@matis ahead.”

The NASA Auviation Safety Program envisiong/atem that
would use new and existing technologies to incafmdata into
displays in aircraft cockpits. The displays wouhdw hazardous
terrain, air traffic, landing and approach patterngway
surfaces and other obstacles that could affeciraraf's
flight.

Industry teams submitted 27 proposals in tategories:
commercial transports and business jets, geneiai@v
aircraft, database development and enabling teogied. NASA
and researchers from the Federal Aviation Admiatgin and
Department of Defense evaluated the proposalshieshmerit,
cost and feasibility.

NASA has committed $5.2 million that will beatched by $5.5
million in industry funds to advance Synthetic Vdisiprojects
over the next 18 months. More money is expectdmttdesignated
later to accelerate commercialization and make ssysgems
available within four to six years.

Among the team leaders selected for the finsise of the
program are: Rockwell Collins, Inc., Cedar Raplés,AvroTec,
Inc., Portland, OR; Research Triangle Institutesdech Triangle
Park, NC; Jeppesen-Sanderson, Inc., Englewoodl&Avionics
Engineering Center of Ohio University, Athens, Gidgd Rannoch
Corporation, Alexandria, VA.

Rockwell Collins, Inc. will receive funds tedelop
synthetic vision for airliners and business jefse AvroTec,
Inc. and Research Triangle Institute groups widl treeir awards
to create technologies for a general-aviation stnttvision
system. A team led by Jeppesen-Sanderson, Inaeesdive funds
to develop terrain database requirements and sysppnoaches.
The Avionics Engineering Center of Ohio Universatyd Rannoch
Corporation will use their awards to design speabmponent
technologies for Synthetic Vision.

The Aviation Safety Program is a partnershiiinthe FAA,
aircraft manufacturers, airlines and the Departnoéitefense.
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This partnership supports the national goal annedity President
Clinton to reduce the fatal aircraft accident taye80 percent
in 10 years and by 90 percent over 25 years.

Because of advances in the last 40 years, evoiah
airliners are already the safest of all major foohs
transportation. But with an accident rate thatreasained
relatively constant in the last decade and aifitraikpected to
triple over the next 20 years, the U.S. governmsenits to
prevent a projected rise in the number of airaattidents.

For a complete list of industry teams pledseck the
Internet at:

http://oea.larc.nasa.gov/news_rels/1999/May39/28.html
-end -
Reference 22- Virtual Cockpit Window" for a Windowless Aerospaceaaft, NASA Tech Briefs.

January 2003, page 4ttp://www.nasatech.com/Briefs/Jan03/MSC23096.html
Mirrored Copy:http://www.jmargolin.com/svr/refs/ref22_nasa_tedkis.pdf

"Virtual Cockpit Window" for a Windowless Aerospace craft
Wednesday, January 01 2003

A software system processes navigational and sgigormation in real time to generate a
three- dimensional- appearing image of the extexnaironment for viewing by crewmembers
of a windowless aerospacecraft. The design of #mggolar aerospacecraft (the X-38) is such
that the addition of a real transparent cockpitdeiww to the airframe would have resulted in
unacceptably large increases in weight and cost.

When exerting manual control, an aircrew needéotsrrain, obstructions, and other features
around the aircraft in order to land safely. Th@&is capable of automated landing, but even
when this capability is utilized, the crew stillats to view the external environment: From the
very beginning of the United States space progcaews have expressed profound dislike for
windowless vehicles. The well-being of an aircreveonsiderably promoted by a three-
dimensional view of terrain and obstructions. Thespnt software system was developed to
satisfy the need for such a view. In conjunctiothvei computer and display equipment that
weigh less than would a real transparent windois, sbftware system thus provides a "virtual
cockpit window."

The key problem in the development of this softweygtem was to create a realistic three-
dimensional perspective view that is updated ihtrege. The problem was solved by building
upon a pre-existing commercial program — LandFoin-€that combines the speed of flight-
simulator software with the power of geographimmfation-system software to generate real-
time, three-dimensional-appearing displays of teraad other features of flight environments.

In the development of the present software, theegigting program was modified to enable it to
utilize real-time information on the position arttitade of the aerospacecraft to generate a view
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of the external world as it would appear to a pelsoking out through a window in the
aerospacecraft. The development included innovaiiomealistic horizon-limit modeling, three-
dimensional stereographic display, and interfaoesifilization of data from inertial-navigation
devices, Global Positioning System receivers, asdrirangefinders. Map and satellite imagery
from the National Imagery and Mapping Agency caodle incorporated into displays.

After further development, the present softwardesyisand the associated display equipment
would be capable of providing a data-enriched vilemaddition to terrain and obstacles as they
would be seen through a cockpit window, the viewldanclude flight paths, landing zones,
aircraft in the vicinity, and unobstructed viewspaifrtions of the terrain that might otherwise be
hidden from view. Hence, the system could alsordautie to safety of flight and landing at night
or under conditions of poor visibility.

In recent tests, so precise was the software mugléhiat during the initial phases of the flight
the software running on a monitor beside the vicEnera produced nearly identical views.

This work was done by Michael F. Abernathy of Rapidging Software, Inc., for Johnson
Space Center. For further information, please conMichael F. Abernathy, Rapid Imaging
Software, Inc., 1318 Ridgecrest Place S.E., Albtgnes NM 87108. MSC-23096.

Reference 23- Press Release from Rapid Imaging Software, Inc.
(http://www.landform.com/pages/PressReleases.thich states (near the bottom of the page):
Mirrored copy:http://www.jmargolin.com/svr/refs/ref23_ris.pdf

On December 13th, 2001, Astronaut Ken Ham sucdéséiewy the X-38 from a remote cockpit
using LandForm VisualFlight as his primary situateowvareness display in a flight test at
Edwards Air Force Base, California. This simulateaditions of a real flight for the windowless
spacecraft, which will eventually become NASA's\&iReturn Vehicle for the ISS. We believe
that this is the first test of a hybrid synthetision system which combines nose camera video
with a LandForm synthetic vision display. Descrilligdastronauts as "the best seat in the
house", the system will ultimately make space traaéer by providing situation awareness
during the landing phase of flight.

Reference 24- Description of Path-in-the-Sky Contact Analog Piloing Display, Charles E. Knox
and John Leavitt, October 1977, NASA Technical Meamdum 74057
http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nagfl§@80002119 1978002119.pdf

Mirrored Copy:http://www.jmargolin.com/svr/refs/ref24 _knox.pdf
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Reference 25 "The Electronic Terrain Map: A New Avionics ligiator”, Small, D.M. USAF, Avionics
Laboratory, Wright-Patterson AFB, OH, AIAA-1981-Z28n: Digital Avionics Systems Conference,
4th, St. Louis, MO, November 17-19, 1981, Collectad Technical Papers. (A82-13451 03-04) New
York, American Institute of Aeronautics and Astraties, 1981, p. 356-359.
http://www.jmargolin.com/svr/refs/ref25_small.pdf

Converted to text using OCRttp://www.jmargolin.com/svr/refs/ref25 small.html

Reference 26 This is part of the Washington Sectional Aerditah Chart, Scale 1:500,000 55th
Edition, published March 3, 1994 by U.S. Departn@r€@ommerce National Oceanic and Atmospheric
Administration National Ocean Service.

Map: http://www.jmargolin.com/svr/refs/ref26_pmap1.pdf
Washington Legend showing paper map symbolagyp://www.jmargolin.com/svr/refs/ref26_pmap?2.pdf

Reference 27- Using Synthetic Images to Register Real Imagestiv Surface Models Horn, Berthold
K.P.; Bachman, Brett L. ; August 1977.

MIT DSpace:http://hdl.handle.net/1721.1/5761

Mirrored Copy:http://www.jmargolin.com/svr/refs/ref27 _horn.pdf

Abstract: _A number of image analysis tasks carefefiom registration of the image with a model
of the surface being image8lutomatic navigation using visible liglot radar images requires exact
alignment of such images with digital terrain maddh addition, automatic classification of terrain
using satellite imagery, requires such alignmemtdal correctly with the effects of varying sun leng
and surface slope. Even inspection techniquesdidaio industrial parts may be improved by this
means.

Reference 28 U.S. Patent 3,328,7%5xtaking Means and Methodissued June 27, 1967 to Hallmark.

USPTO Database (Does not have htmp versidty)://patft.uspto.gov/netacgi/nph-
Parser?Sect1=PTO1&Sect2=HITOFF&dJ=PALL&P=1&uU=%2F heted%2FPTO%2Fsrchnum.htmé&r=1
&f=G&I=50&s1=3,328,795.PN.&0OS=PN/3,328,795&RS=PN828,795

PDF Versionhttp://www.jmargolin.com/svr/refs/ref28 3328795.pdf

Reference 29- U.S. Patent 4,347,5Pkecision navigation apparatusissued August 31, 1982 to
Hofmann, et al.

From USPTOnttp://patft.uspto.gov/netacqgi/nph-
Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&P=1&uU=%2Fhtal%2FPTO%2Fsrchnum.htm&r=1
&f=G&I=508&s1=4,347,511.PN.&OS=PN/4,347,511&RS=PN847,511

PDF Versionhttp://www.jmargolin.com/svr/refs/ref29 4347511.pdf
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Reference 30- | don’t know if Terrain Referenced Navigationnk® over Kansas, but | know Kansas is
flat. From:http://www.guardian.co.uk/education/2003/sep/2%®aesh.highereducation2

This year, for instance, three geographers compheetlatness of Kansas to the flatness of a
pancake. They used topographic data from a digit@le model prepared by the US Geological
Survey, and they purchased a pancake from thenltienal House of Pancakes. If perfect flatness
were a value of 1.00, they reported, the calculfitedess of a pancake would be 0.957 "which is
pretty flat, but far from perfectly flat". Kansa#latness however turned out to be 0.997, whicly the
said might be described, mathematically, as "ddath f

Mirrored Copy:http://www.jmargolin.com/svr/refs/ref30_kansas.pdf

Reference 31- U.S. Patent 4,660,13¥eal time video perspective digital map display mébd issued
April 21, 1987 to Beckwith, et al.

USPTO (html):http://patft.uspto.gov/netacgi/nph-
Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&uU=%2Fh¢ta%2FPTO%2Fsrchnum.htm&r=1
&f=G&l=50&s1=4,660,157.PN.&OS=PN/4,660,157&RS=PNy@0,157

PDF: http://www.jmargolin.com/svr/refs/ref31 _4660157.pdf

Reference 32- U.S. Patent 5,179,638ethod and apparatus for generating a texture mappe
perspective viewissued January 12, 1993 to Dawson, et al.

USPTO (html):http://patft.uspto.gov/netacgi/nph-
Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fh¢tia%2FPTO%2Fsrchnum.htm&r=1
&f=G&l=50&s1=5,179,638.PN.&OS=PN/5,179,638&RS=PN/%9,638

PDF: http://www.jmargolin.com/svr/refs/ref32_5179638.pdf

Reference 33 U.S. Patent 4,884,220ddress Generation with Variable Scan Patternsssued
November 28, 1989 to Dawson et al.

USPTO (html):http://patft.uspto.gov/netacgi/nph-
Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&uU=%2Fh¢ta%2FPTO%2Fsrchnum.htm&r=1
&f=G&l=50&s1=4,884,220.PN.&OS=PN/4,884,220&RS=PNg&4,220

PDF: http://www.jmargolin.com/svr/refs/ref33 4884220.pdf

Reference 34 VCASS: An Approach to Visual Simulation Kocian, D., 1977, Presented at the
IMAGE Conference, Phoenix, Ariz., 17-18 May 77.

Available for purchase from DTIQittp://www.dtic.mil/srch/doc?collection=t2&id=ADA®D99
Mirrored Copy:http://www.jmargolin.com/svr/refs/ref34 vcass.pdf
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Converted to text using OCR (with the paragraphmslyered):
http://www.jmargolin.com/svr/refs/ref34 vcass.htm

Reference 35- The earliest known description of the inventilbat became U.S. Patent 5,566, Fil8t
Aid Using A Synthetic Environment. http://www.jmargolin.com/svr/refs/ref35_pilotdocfpd

Reference 36- U.S. Patent 5,566,010t Aid Using A Synthetic Environment issued October 15,
1996 to Margolin

USPTO (html):http://patft.uspto.gov/netacgi/nph-
Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&uU=%2Fh¢ta%2FPTO%2Fsrchnum.htm&r=1
&f=G&I=50&s1=5,566,073.PN.&OS=PN/5,566,073&RS=PNy66,073

PDF: http://www.jmargolin.com/svr/refs/ref36_5566073.pdf

Reference 37 U.S. Patent 5,904,72Method and apparatus for remotely piloting an aircraft issued
May 18, 1999 to Margolin

USPTO (html):http://patft.uspto.gov/netacgi/nph-
Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&pP=1&u=%2Fh¢ta%2FPTO%2Fsrchnum.htm&r=1
&f=G&I=50&51=5,904,724.PN.&OS=PN/5,904,724&RS=PNIB4,724

PDF: http://www.jmargolin.com/svr/refs/ref37 _5904724.pdf

Reference 38 U.S. Patent Application Publication 20080033&¥tem and Method For Safely
Flying Unmanned Aerial Vehicles in Civilian Airspace

USPTO (html):http://appftl.uspto.gov/netacqgi/nph-
Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtm|%2FPZi&¥#arch-
adv.html&r=18&p=1&f=G&I=50&d=PG01&S1=%22syntheticision%22&0S=%22synthetic+vision%
22&RS=%22synthetic+vision%22

PDF: http://www.jmargolin.com/svr/refs/ref38 pg3604.pdf

Reference 39- Letter sent to Optima Technology Group by Rapidging Software attorney Benjamin
Allison, dated October 13, 2006uttp://www.jmargolin.com/svr/refs/ref39_ris.pdf

Reference 40- NTSB Incident Report on crash of Predator onil&%, 2006, northwest of Nogales, NM.
NTSB IdentificationCHIO6MA121

http://www.ntsb.gov/ntsb/brief.asp?ev id=20060500%81&key=%201

Mirrored Copy:http://www.jmargolin.com/svr/refs/ref40_ntsb.pdf

.end
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