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1.2. OBJECTIVE

The objective of the Synthetic Vision Technology Demonstration program was to develop,
demonstrate, and document the performance of a low-visibility, visual-imaging aircraft landing
system. The experimental Synthetic Vision System components included on-board imaging
sensor systems using millimeter-wave and infrared technology to penetrate fog, and both head-
up (HUD) and head-down (HDD) displays. The displays presented the processed raster image of
the forward scene, combined with suitable avionics-based stroke symbology for the pilot's use
during a manually flown approach and landing. The experimental system, sometimes referred to
as a functional prototype system, included all the functions (in prototype form only) required to
accomplish precision, non-precision, and non-instrument 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 vision) formed 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 Evaluation Program is the third in a series of contracted
efforts, sponsored primarily by the Air Force Flight Dynamics Laboratory, Crew Systems
Development Branch, (AFWAIL/FIGR). In the first of these efforts, conceptual displays were
developed for six primary fighter crew station functions: primary flight, tactical situation, stores
management, systems status, engine status, and emergency procedures (Jauer and Quinn, 1982).

In the second contract, Pictorial Format Display Evaluation (PFDE), the Boeing Military
Airplane Company continued the development beyond the paper formats of the earlier program
and implemented the results in a piloted simulation. Two simulation studies were conducted to
evaluate the usability and acceptability of pictorial format displays for single-seat fighter aircraft;
to determine whether usability and acceptability were affected by display mode -- color or ,
monochrome; and to recommend format changes based on the simulations. In the first of the two
PFDE studies, pictorial formats were implemented and evaluated for flight, tactical situation
system status, engine status, stores management, and emergency status displays. The second ,
PFDE study concentrated on the depiction of threat data. The number of threats and the amount
and type of threat information were increased. Both PFDE 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. ltis sloppy.

2. The FAA has a definition for “Synthetic Vision” and if you want an FAA type certifi
SRV cate f
Synthetic Vision product you have to use their definition. P @ foryour
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{Ref. 5 — FAA current definition of synthetic vision)

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 database of terrain, obstacles 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 original source.”

“If accuracy of data base must be validated then SV is unapproveable.”

“Current resolution tends to round-up the elevation data so 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.

Diqgital 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 files are digital representations of cartographic
information in a raster form. DEMs consist of a sampled array of elevations for a number of
ground positions at regularly spaced intervals. These digital cartographic/geographic data files
are produced by the U.S. Geological Survey (USGS) as part of the National Mapping Program
-and are sold in 7.5-minute, 15-minute, 2-arc-second (also known as 30-minute), and 1-degree
units. The 7.5- and 15-minute DEMs are included in the large scale category while 2-arc-second
DEMs fall within the intermediate scale category and 1-degree DEMs 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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5
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 no 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 sh
polygons so that the undgrlylng polygons may no longer be obvious. Loneywell?j?c? o e thg i
their IPFD (Instrument Primary Flight Display) {Ref. 9}: an excellent job in
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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 the 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.

Simulation model. - For most of the program, the landing cues for the pilot in a HIMAT simulation
included only the instruments, mapboards, and the ILS/glideslope error indicators. Although these are
all valid cues, they could not achieve the same effect as the television transmission used in actual
flight. During flight, as soon as the pilot can identify the runway, his scan focuses more on the
television picture and less on the cockpit instruments. To help alleviate this lack of fidelity in the
simulation, a display of the runways on the dry lakebed was developed on a recently purchased Evans
and Sutherland Graphics System.
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HiMAT Details
From NASA's description of the HIMAT project {Ref. 10}:
Highly Maneuverable Aircraft Technology

From mid-1979 to January 1983, tworemotely piloted, experimental Highly Maneuverable Aircraft
Technology (HIMAT) vehicles were used at the NASA Dryden Flight Research Center at Edwards,
Calif., to develop high-performance fighter technologies that would be applied to later aircraft.
Each aircraft was approximately half the size of an F-16 and had nearly twice the fighter's turning

capability.
and, later:

The small aircraft were launched from NASA's B-52 carrier plane at an altitude of approximately
45,000 feet. Each HIMAT plane had a digital on-board computer system and was flown remotely
by a NASA research pilot from a ground station with the aid of a television camera mounted in the
cockpit. There was also a TF-104G chase aircraft with backup controls 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 laws for the system, developed by the contractor, in a
simulation facility and then in flight, adjusting them 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 (RPRV) is a tool that can be used for exploring unproven and
advanced technologies without risking the life of a pilot. The flight testing of RPRVs(]) allows programs
to be conducted at a low cost, in quick response to demand, or when hazardous testing is required to

assure the safety of manned vehicles. Yet this type of testing must be performed by the most versatile
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system available - the pilot. The pilot has the same responsibilities and tasks as if he were onboard the
aircraft; this includes guiding the vehicle to a safe landing. The only difference is that he must accomplish
this final task from a ground-based cockpit.

The highly maneuverable aircraft technology (HIMAT) aircraft (Fig. 1) is a remotely piloted research
vehicle that has completed flight tests to demonstrate advanced fighter technologies at NASA Ames
Research Center's Dryden Flight Research Facility. The HIMAT vehicle is a 0.44-scale version of an
envisioned small, single-seat fighter airplane. The mission profile of HIMAT (Fig. 2) included a launch
from a B-52 aircraft and the acquisition of flight test data. The vehicle was then flown by a NASA test
pilot in a fixed ground-based cockpit to a horizontal landing on the Edwards dry lakebed. 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.

During the operational phase of the HIMAT program, the lateral-stick gearing gain used in the aircraft
approach was altered from a variable gain schedule (derived from simulation) to a constant gain schedule.
The schedules were changed in response to pilot complaints about oversensitivity in the lateral stick that
required high pilot compensation. Before the modified gain schedule was implemented into the primary
control system (PCS), it was evaluated in the HIMAT simulator using an instrument landing system (IL.S)
display: the schedule was found to be satisfactory. Postflight comments from HiMAT pilots indicated that
the handling qualities during landing approach were significantly improved as a result of the modified

gain schedule.

In a separate development, a visual display that was used for engineering purposes was implemented
into the simulator during the latter portion of the flight test program when simulation was no longer
required to support the remaining flights. While the addition of a visual display is known to significantly
improve the fidelity of a simulation system, the need for such a system in RPRV simulation at Ames
Dryden was felt to be reduced since pilots had an opportunity to conduct proficiency flights with an
RPRYV Piper Comanche PA-30 aircraft. Nevertheless, when a visual display became available in the
simulation laboratory, a decision was made to determine the effectiveness of this type of visual display in
the simulation of visual RPRV flight. The RPRV evaluation described in this paper was designed to focus
on the utility of a visual display of this type while studying the influence of changes in lateral-stick
gearing gains of remotely piloted research vehicle handling qualities during simulated approaches and
landings. This 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.

What this says is:

. "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 @ 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.
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Instrument Landing System (ILS)

An aircraft on an instrument landing approach has a cockpit with computerized instrument
landing equipment that receives and interprets signals being from strategically placed stations on
the ground near the runway. This system includes a "Localizer" beam that uses the VOR
indicator with only one radial aligned with the runway. The Localizer beam's width is from 3° to
6°. It also uses a second beam called a "glide slope” beam that gives vertical information to the
pilot. The glide slope is usually 3° wide with a height of 1.4°. A horizontal needle on the
VORV/ILS head indicates the aircraft's vertical position. Three marker beacons (outer, middie and
inner) are located in front of the landing runway and indicate their distances from the runway
threshold. The Outer Marker (OM) is 4 to 7 miles from the runway. The Middle Marker (MM) is
located about 3,000 feet from the landing threshold, and the Inner Marker (IM) is located
between the middle marker and the runway threshold where the landing aircraft would be 100

feet above the runway.

The VOR indicator for an ILS system uses a horizontal needle in addition to the vertical needle.
When the appropriate ILS frequency is entered into the navigation radio, the horizontal needle
indicates where the aircraft is in relation to the glide slope. If the needle is above the center mark
on the dial, the aircraft is below the glide slope. If the 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 FLIGHT 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 the 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.

Simulation model. - For most of the program, the landing cues for the pilot in a HIMAT simulation
included only the instruments, mapboards, and the ILS/glideslope error indicators. Although these are
all valid cues, they could not achieve the same effect as the television transmission used in actual
flight. During flight, as soon as the pilot can identify the runway, his scan focuses more on the
television picture and less on the cockpit instruments. To help alleviate this lack of fidelity in the
simulation, a display of the runways on the dry lakebed 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 engmeer

: it was not rown using synthetic vision.

. The AUVSI Authors have reproduced a plcture in therr art|c|e wnth the captlon “The HIMAT RPV remote
COCkplt showmg synthetic vision display.. Photo courtesy of NASA

" This picture is |dent|cal to the picture in Sarraflan Flgure 5 {Ref. 11}, August 1984, PDF page 10} but the
Sarrafian picture has a different caption. It says, “ HIMAT simulation cockpit.”

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

rig. 5 HIMAT simulation cockplc.
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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 identifying human factors problems that would have
to be overcome in RPV cockpit design ("Visual- Proprioceptive Cue Conflicts in the Control of
Remotely Piloted Vehicles" by Reed in 1977). NASA would use this in the desi gn 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 piloted vehicle ( RPV) from an airborne control
station (a mother ship). This station is equipped with a television monitor, control stick, and other controls
and displays necessary to maneuver the RPV through a specified course. The RPV, containing a television
camera mounted in its nose, relays an image of the terrain to be displayed on the television monitor in the
control station. Thus, the visual scene displayed to the operator represents the scene viewed by the
camera. The task of the operator is to use the controls and displays to "fly" the RPV in much the same
way he would fly a conventional aircraft.

The scenario is complicated by several factors. First, the visual inputs to the operator from the RPV are
independent of the motion inputs from the control station. Thus, the operator will experience motion cues
that are uncorrelated with the visual inputs received from the RPV. Second, while traditional pilot training
programs operate on the philosophy that proprioceptive cues provided by the motion of the aircraft should
be disregarded, research has shown that these cues are compelling, not easily ignored, and may improve
performance when used in training simulators (see, for example, Borlace, 1967: Cohen, 1970; Douvillier,
Turner, McLean, & Heinle, 1960; Fedderson, 1961; Huddleston & Rolfe, 1971; Rathert, Creer, &
Douvillier, 1959; Ruocco, Vitale, & Benfari, 1965). The task simulated in the experiment presented here,
however, required that the RPV operator disregard sensations of motion in order to maintain adequate
performance. Under conditions of visual -proprioceptive conflict (as when the mother ship and/or the
RPV are in turbulence) the stereotypic responses of pilots to correct angular accelerations will be
inappropriate.

2. From page 7 (PDF page 10):

Visual system. The visual system consisted of a three-dimensional terrain model (a modified SMK-23
Visual Simulator, The Singer Company), television camera and optical probe, and three monochromatic
television monitors. The terrain model provided “real-world ground cues for visual tracking over the
surface. The real-world to terrain model scale was 3,000:1 and represented a six by twelve-mile (9.65 by
19.3 km) area. The model was mounted on an endless belt that was servo-driven to represent the
continuous changes in scene as the simulated RPV traveled along north-south directions. A television
camera viewed the terrain model through an optical probe that contained a servoed mechanical assembly
to permit the introductions of heading, roll, and pitch. Both the camera and probe were mounted on a
servo-driven carriage system that moved across the terrain model to simulate movement of the RPV along
east-west directions and in and out to simulate altitude 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.
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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 HiIMAT 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 the second of the two independent flight control
systems required for the Hi MAT program. The BCS control law is resident in one of the two
onboard digital computers. The BCS is a full-authority, three-axis, multirate digital controller
with stability augmentation functions and mode command functions (ref. 4). Each of seven
modes is semiautomatic with the pilot providing direction by way of discrete command inputs.
The BCS commands elevons for pitch and roll control and rudders for yaw control, and has an
autothrottle for speed modulation.
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The BCS was designed to provide well-controlled dynamics throughout the flight envelope, to
have the ability to recover from extreme attitudes, and to bring the vehicle to a selected site and
effect a successful landing by either a ground-based pilot or an airborne controller (the backseat
chase pilot in the TF-104G aircraft). It was designed to provide these features for an unstable
vehicle configuration of no more than 10-percent aft mean aerodynamic chord center-of-gravity
location. The original HIMAT BCS was developed by Teledyne Ryan Aeronautical for the

onboard microprocessor computer, and was programmed entirely 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 Il
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 database?

Mr. Stern: I guess it did, although the ground was a plane with 3D objects (and a 2D runway)
scattered around (trees, pylon, towers with crossbar to fly under).

Question 2: If so, did it represent real terrestrial terrain?

Mr. Stern: No.

Question 3: Did AeroChopper do real 3D?

Mr. Stem: Yes. All the objects including the aircraft were described by a list of points, a list of point
pairs for lines and a list of which points were in each polygon, each point had an X,y and z
component. The original version was started in 1984, shown at the first R/C show (I think in Storm
Lake Iowa) in the summer of 1986, had only vector graphics. About 1990 I changed to filled
polygons. The aircraft was rotated (pitch, yaw and roll) slightly each frame with respect to the fixed
coordinate system. Then the aircraft and all background objects were rotated and scaled depending on
the relative position of the "camera".

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

I developed the first version on the Atari 520 ST computer in 68000 assembly language. Then [
developed an Amiga version and then a Macintosh version. In about 1991, I developed an 80286
version for a DOS machine. (The latest version requires a 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. Itdid 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 Fiight 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 around. With the new mesh style scenery we have real
elevation points that make the surrounding terrain rise and fall like the real earth, We have no more
flat areas that just pop up into place at the last minute 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, yet effective. This is where FS2000 is not much
different than FS98. However, the overall clarity, coloring, detailing and some new systems make it
much better. We now have nice popups for the throttle quadrant, 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 Svnfhetic Vision?

From Ref 20:

NEWS RELEASE

May 28, 1999
Synthetic Vision Could Help General Aviation Pilots Steer Clear of Fatalities

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

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

RTT also has teamed with Seagull Technology, Inc., Los Gatos, California (a GPS and
attitude/heading reference system technology firm), Crew Systems, Inc., San Marcos, Texas, (a
designer of low-cost head up displays), and Dubbs & Severino, Inc., Irvine, California (an
award-winning terrain database design company). In addition, FLIR Systems, Inc., Portland,
Oregon (an infrared instrument manufacturer) has agreed to evaluate the costs and benefits of
existing weather penetrating sensor technology.

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

The RTI team will design, develop, and certify a Synthetic Vision system for general aviation
aircraft. The purpose is to reduce or eliminate controlled flight into terrain caused by visibility-
induced human error.

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

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

The NASA Aviation Safety Program is a partnership with the FAA, aircraft manufacturers,
airlines and the Department of Defense. This partnership supports the national goal
announced by President Clinton to reduce the fatal aircraft accident rate by 80 percent in
10 years and by 90 percent over 25 years.
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Research Triangle Institute is an independent, not-for-profit organization that conducts R&D
and provides technical services to industry and government. With a staff of more than
1,600 people, RTI is active in aerospace and many other fields of applied technology. RTI
was created in 1958 as the centerpiece of North Carolina's Research Triangle Park, where its
headquarters are located. RTI's Aerospace Technology Center 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 four categories: commercial transports and business
Jets, general aviation aircraft, database development and enabling technologies. NASA
and researchers from the Federal Aviation Administration and Department of Defense evaluated
the proposals' technical merit, cost and feasibility.

NASA has committed $5.2 million that will be matched by $5.5 million in industry funds to
advance Synthetic Vision projects over the next 18 months. More money is expected to be
designated later to accelerate commercialization and make some systems available within four to
six years.

Among the team leaders selected for the first phase of the program are: Rockwell Collins, Inc.,
Cedar Rapids, IA; AvroTec, Inc., Portland, OR; Research Triangle Institute, Research Triangle
Park, NC; Jeppesen-Sanderson, Inc., Englewood, CO; the Avionics Engineering Center of Ohio
University, Athens, OH; and Rannoch Corporation, Alexandria, VA.

Rockwell Collins, Inc. will receive funds to develop synthetic vision for airliners and business
Jets. The AvroTec, Inc. and Research Triangle Institute groups will use their awards
to create technologies for a general-aviation synthetic vision system. A team led by Jeppesen-
Sanderson, Inc. will receive funds to develop terrain database requirements and system
approaches. The Avionics Engineering Center of Ohio University and Rannoch Corporation will
use their awards to design specific component technologies 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 sensory information in real time to generate a
three- dimensional- appearing image of the external environment for viewing by crewmembers
of a windowless aerospacecraft. The design of the particular aerospacecraft (the X-38) is such
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that the addition of a real transparent cockpit window to the airframe would have resulted in
unacceptably large increases in weight and cost.

When exerting manual control, an aircrew needs to see terrain, obstructions, and other features
around the aircraft in order to land safely. The X-38 is capable of automated landing, but even
when this capability is utilized, the crew still needs to view the external environmené: From the
very beginning of the United States space program, crews have expressed profound dislike for
windowless vehicles. The well-being of an aircrew is considerably promoted by a three-
dimensional view of terrain and obstructions. The present software system was developed to
satisfy the need for such a view. In conjunction with a computer and display equipment that
weigh less than would a real transparent window, this software system thus provides a "virtual
cockpit window."

The key problem in the development of this software system was to create a realistic three-
dimensional perspective view that is updated in real time. The problem was solved by building
upon a pre-existing commercial program — LandForm C3 — that combines the speed of flight-
simulator software with the power of geographic-information-system software to generate real-
time, three-dimensional-appearing displays of terrain and other features of flight environments.
In the development of the present software, the pre-existing program was modified to enable it to
utilize real-time information on the position and attitude of the aerospacecraft to generate a view
of the external world as it would appear to a person looking out through a window in the
aerospacecraft. The development included innovations in realistic horizon-limit modeling, three-
dimensional stereographic display, and interfaces for utilization of data from inertial-navigation
devices, Global Positioning System receivers, and laser rangefinders. Map and satellite imagery
from the National Imagery and Mapping Agency can also be 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 successfully flew the X-38 from a remote cockpit
using LandForm VisualFlight as his primary situation awareness display in a flight test at
Edwards Air Force Base, California. This simulates conditions of a real flight for the windowless
spacecraft, which will eventually become NASA's Crew Return Vehicle for the ISS. We believe
that this is the first test of a hybrid synthetic vision system which combines nose camera video
with a LandForm synthetic vision display. Described by astronauts as "the best seat in the
house", the system will ultimately make space travel safer 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 published "Pathway-in-the-Sky Contact Analog
Piloting Display,"” which included a complete design for a synthetic vision system. It featured a
computer that projected a 3D view of the terrain given an aircraft's position and orientation. This
out-the-window perspective view was displayed on a CRT type display. Such displays were
called "Pictorial Format" avionics systems, but we recognize them as containing all of the
essential elements of a modern synthetic vision display.

The pictures that will be reproduced shortly are from the Knox report (Charles E. Knox and John Leavitt).
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—dirrfensiona_l 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 Piloting Display {Ref. 24}

Display Symbology

The format of the PITS contact analog display shows airplane attitude information in the form of bank
angle and pitch changes. Airplane performance information is shown in the form of airplane flight-path
angle and flight-path acceleration (which may be used as thrust- or energy-management control). Both
vertical and lateral path deviations during a tracking task are shown in pictorial form.

Path-tracking situation information is shown through a combination of an airplane symbol, a vertical
projection of the airplane symbol with an extended center line drawn at the altitude of the path, a flight-
path predictor, and a drawing of the programed path (fig. 1). These four pieces of symbology are
drawn in a perspective display format as if the observer's eye were located behind and above the

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

changes. The airplane’s true position with respect to the path is at the symbol's apex. The symbol rolls
and pitches about its apex in accord with the real airplane's attitude.
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Altitude deviations from the programed path are indicated to the pilot pictorially by a vertical projection
of the airplane symbol. The projection, drawn with dashed lines, may be thought of as a shadow: as
shown in figure 2, it remains directly above or below the airplane at the altitude of the path. If the
airplane is above the programed path, the shadow appears to be below the airplane symbol. If the
airplane is below the programed path, the shadow appears to be above the airplane symbol.

Altitude deviation

(a) Above path.

D it T

l

Altitude deviation

"""" l

(b) Below path.

Figurs 2.- Airplans aymbol snd shadow intaractions during altitude deviations.
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Since the shadow is always drawn directly above or below the airplane symbol, the pilot may readily
identify lateral tracking deviations when they are combined with a vertical tracking error. Figure 3
shows the perspective view of the shadow, the airplane symbol, and the path when the airplane is above

and to the left of the path.

Figure 3.~ Airplane adove and to left of path,
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Altitude deviations from the programed path are also shown to the pilot in numerical form in a box in

the upper right-hand corner of the display (fig. 4). The pilot is expected to use thi.s %n.fonnation when the
path and shadow are out of the display field of view, such as could occur during initial path captures.

A flight-path prediction vector (fig. 4) in the horizontal plane is attached to the shadow. The prediction
vector, indicated by a dashed line, shows the airplane's predicted path for the next 10 sec based on the

i lar;e's present bank angle and ground speed. An extended shadow center line drawn from the apex
21fqt)he shadow in the direction of the present track angle, is also shown to aid the pilot with the lateral
tracking task.

o a
Alrplans altftuds
devistioa from pecy

a o o L | ? a
2011 potnter

N T et herToa
Programed Plight-path prediction
flight pa:h, vector
— ——
Potential flighe- P — gl 1 131t ~Path-sngle scala
path-angle box —_—

(5° increments)

P———

Prograned
path-angle indicator

—

—=_Adrplane symbol
(with shadow supariapored)

Alrplene track-angle
{— ' Pointer and scale
ll.lll|tlllll‘0‘l'|t
3

Figure 8.~ The PITS contaat anslog diaplay symbalogy.

Alrplane Elighc-
path-angle bars
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Figure 5 shows the flight-path prediction vector and the present track indicator with the airplane in a
left bank of 13°.

-
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FPigure 5.- The PITS display conc
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“The Electronic Terrain Map: A New Avionics Integrator”, Small, D.M., 1981

In the article the AUVSI Authors state in Paragraph 8:

In 1979, the U.S. Air Force completed its "Airborne Electronic Terrain Map Applications Study"
and in 1981 published "The Electronic Terrain Map: A New Avionics Integrator” describing 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.

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.

ouhwn~

He does say, “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,” but:

1. The statement must be understood accordmg to the meanlng 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 paper and film map systems, which were
developed to support the high and level flight environment. These maps were an effective means
of tapping the vast files of information stored in the Defense Mapping Agency (DMA) data base,
when the crew had time to study and interpret them (in fact, much of their value was actually
obtained from pre-flight mission preparations). Interviews with pilots indicate that paper maps
are less useful for low altitude flights. Film maps with CRT annotation are somewhat better, but
still have a fundamental limitation in that it takes an operator to access any information. That is,
it is not possible to transfer information directly from the data base to any other avionics system
when it is stored on paper or film maps in what is essentially an analog form.

The map reading process is a demanding task that can be simplified by using a digital
map subsystem which accesses the information needed and presents it in a form which can be
easily interpreted. At low altitude, and with a line of sight limited to the next ridge line, it's very
difficult to interpret standard paper maps, which are presented as a vertical projection of a large
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area. 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 addition, essential information from the map data base can be placed on the
pilots Head Up Display, reducing the need for head down 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 future avionics suite is to provide map
data and displays that can be interfaced with other subsystems to improve the performance of the
terrain following/terrain avoidance (TF/TA), threat avoidance and navigation avionics
subsystems. The requirement for the simultaneous exchange of processed map data by three or
four avionics subsystems will be the most difficult objective and important feature of the ETM.
Development and incorporation of the advanced ETM concepts and technologies will be required
to augment future threat avoidance, navigation, TF/TA, and weapon delivery avionics
subsystems. Applications/examples of using these ETM concepts and/or technologies and the
utilization of an ETM subsystem as a source of information follows.

TE/TA

The first example will be the automatic TF/TA avionics subsystem. Qur existing
automatic TF subsystems operate using only active sensors as sources of terrain profile
information (i.e. radar). This makes the subsystem totally dependent on the limitations of this
single information source. In case of radar, range is limited to line of sight. Absolutely no
information is available beyond line of sight. This forces the TF subsystem to provide
unnecessarily large clearances over ridges to avoid the following peak which may or may not be
imminent. Further, the TF subsystem must radiate on an almost continuous basis to provide a
continuous terrain profile. Consequently detection and jamming are TF subsystem
vulnerabilities. A digital terrain map could provide a second source of information to the TF
flight command processing subsystem and the use of the map could serve as a backup in case of
radar failures or jamming. The ETM could provide information concerning beyond line of sight
conditions, enlarge the total field of view scanned for tuming, and avoid the reduction of the duty
cycle of the radar emission. In fact, this ability to scan the terrain to the side without turning and
looking beyond the line of sight makes it possible for the first time to consider true automation of
the TA function. 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. None the
less, the application of stored data, to the TF/TA problem can potentially have tremendous
impact on Air Force capabilities in the low altitude flight 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
cannot see farther terrain hidden by closer terrain.

2. 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 avoidance avionics subsystem. The whole purpose
of low altitude missions is to reduce the probability of detection and attrition. If the threat
avoidance problem is solved without regard to the location and lethal range of threats, the
resultant path may place the aircraft in greater jeopardy than before. Terrain masking and launch
dynamics limitations must be exploited to the fullest. Careful selection of the aircraft’s routes to
the target may be done by the crew or automatically. In either case, a digital map is required to
provide the terrain information and the position of the threats identified by the avionics system.
Pre-mission planning can provide a starting point for this analysis, but the dynamics of the threat
assessment makes it essential that the crew be able to redefine the mission as new information is
received from command and control functions or via the aircraft’s own suite of threat defense
Sensors.

1. 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.

2. 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 avionics subsystem. With the addition of a
correlator to the avionic suite and using the on-board sensors together with the ETM, navigation
can be accomplished. Also, by displaying the ridge lines derived from stored terrain data on the
head up display, passive navigation is possible. Hence, the 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 Bef 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 with Surface 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 systems have sought to utilize terrain elevation
data, and they have been based upon the analog comparison of sample data which are the
continuous, analog representation of continuous variations in terrain elevations, with similar
data contained in contour maps employed as such. At least some of the sample and known data
hence have always been graphically or photographically displayed on actual sheets of paper,
rectangles of photographic film, etc., and the values represented thereby have been shown as
physically measurable along at least two axes. Because of the nature of the data employed,
cumbersome and unwieldly equipments for photographic development, superposition of map
over map, orthogonal adjustments of one set of data relative to another, etc. have been
unavoidable sources of added weight, complexity, error, and malfunction.

The present invention does not employ continuously recorded, analog data, but has as one of its
bases the use of quantized terrain altitude information taken at discrete points. A numerical
comparison of sample and prerecorded data is performed at high speed, and with results
predictable and repeatable for the same inputs, by a digital computer. Since the digital computer
and associated components are relatively unaffected by noise, vibrations, nuclear radiation, etc.,
no equipment is required for performing two-dimensional data comparisons, and no feedback or
nulling circuitry is needed for determining the point of best physical correlation of the sample
with the pre-recorded data. As distinguished from systems utilizing analog information, the
digital computer is free from the sources of error unavoidably present where analog comparisons
are made and hence is not only more accurate but is able to tolerate relatively large errors in
sample and known data values without compromising fixtaking 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:

04131



32

"Aviation Week & Space Technology", Feb. 25, 1974, page 50, ff, discloses the Tercom process. In
the latter, barometric measuring devices and radio altimeters produce altitude profiles during specific
time intervals of a flight over characteristic terrain. The one-dimensional differential profile between
the barometric altitude and altitude above ground is compared with a two-dimensional reference
profile. Here, the measured altitude profile is adjusted until the best correlation is achieved, so that
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 method 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 of the scene memory representing points in the two-
dimensional scene of the terrain are then transformed to relocate the points to positions where
they would appear in a perspective scene of the terrain. Thus, each point in the two-dimensional
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scene is transformed to its new location in the perspective scene to be displayed on the viewing
screen, and in the process, the data is automatically oriented with a heading-up disposition. The
transformed points are then stored in a speed buffer for further processing by sun angle and line
writing logic prior to being stored in a display memory from which data is read out to the display
screen. Since data in the display memory represents one-to-one data to be displayed on the CRT,
this data will be referred to as pixels (picture elements) 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 perspective transform circuit 110 are supplied to a screen
rotation circuit 120 which serves to rotate the display data in accordance with the roll of the
aircraft so that the display will accurately depict the 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 mapped
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 perspectiva,
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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It 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 the 1970s appears to have sparked a
monumental amount of research. The U.S. Air Force began its Visually Coupled Airborne
Systems Simulator (VCASS) program, with a particular eye toward future-generation fighter
aircraft ("VCASS: An Approach to Visual Simulation,” Kocian, 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 necessary to install the VCS components along
with a small airborne general purpose computer in a suitable aircraft and interface a

representative programmable symbol generator to an on-board attitude reference system in
order to synthesize either airborne or ground targets. -

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

Details

A Visually-Coupled System is one that visually couples the operator to the other system components
through the use of a Helmut Mounted Display (HMD) and Helmut Position Sensor. From Paragraph 9:

The key components of VCASS will be VCS hardware which includes the HMS and
HMD. These components are used to "visually-couple” the operator to the other system
components he is using. AMRL has pioneered efforts in the research, development and testing of
these hardware techniques.
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U.S. Patent 5,566,073 Pilot Aid Using A Synthetic Environment
issued October 15, 1996 to Marqolin

This patent was not mentioned by the AUVSI Authors.

Abstract

A pilot aid using synthetic reality consists of a way to determine the aircraft's position and
attitude such as by the global positioning system (GPS), a digital data base containing three-
dimensional polygon data for terrain and manmade structures, a computer, and a display. The
computer uses the aircraft's position and attitude to look up the terrain and manmade structure
data in the data base and by using standard computer graphics methods creates a projected three-
dimensional scene on a cockpit display. This presents the pilot with a synthesized view of the
world regardless of the actual visibility. A second embodiment uses a head-mounted display with
a head position sensor to provide the pilot with a synthesized view of the world that responds to
where he or she is looking and which is not blocked by the cockpit or other aircraft structures. A
third embodiment allows the pilot to preview the route ahead 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 .
At (POSITA) is a legal term that is often fought over during patent litigation.

| This patent is a convtinuation 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 aircraft
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 aircraft to be controlled by a remotely located pilot
who is presented with a synthesized three-dimensional projected view representing the
environment around the remote aircraft. According to one aspect of the invention, a remote
aircraft transmits its three-dimensional position and orientation to a remote pilot station. The
remote pilot station applies this information to a digital database containing a three dimensional
description of the environment around the remote aircraft to present the remote pilot with a three
dimensional projected view of this environment. The remote pilot reacts to this view and
interacts with the pilot controls, whose signals are transmitted back to the remote aircraft. In
addition, the system compensates for the communications delay between the remote aircraft and
the remote pilot station by controlling the sensitivity 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 unmanned aerial vehicle (UAV), unmanned combat
aerial vehicle (UCAV), or remotely piloted vehicle (RPV) in civilian airspace uses a remotely
located pilot to control the aircraft using a synthetic 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 a piloting aid to a potentially powerful tool for
Sensor operators.

and [Paragraph 22]:

The recent availability of sophisticated UAS autopilots capable of autonomous flight control
has fundamentally changed the paradigm of UAS operation, potentially reducing the usefulness
of synthetic vision for supporting UAS piloting tasks. At the same time, research has
demonstrated and quantified a substantial improvement in the efficiency of sensor operations
through the use of synthetic vision sensor fusion technology. 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 dperation and safety of the flight. The FAA defines “Piiot 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.

Itis 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. Itis 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 fuet 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
CHIOBMA121) 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.

401)
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. AUCAV 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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*No operational credit for SV —current minimums still apply
«Significant safety benefits possible —outweighs what we consider minimal risk

Experience -large data base errors to date have been easy to recognize and report —very visible on
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the space shuttle during STS-99. This radar system gathered data that produced unrivaled 3-D
images of the Earth's surface.
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Page 5 (PDF page 8):

VISUAL PROPRIOCEPTIVE CUE CONFLICTS IN THE CONTROL OF REMOTELY PILOTED
VEHICLES

[. INTRODUCTION

An investigation was made of operator tracking performance under conditions of visual
proprioceptive conflict. (The term proprioception as used here refers to sensations arising from the
receptors of the nonauditory labyrinth of the inner car and from muscles, tendons, and joints. Kinesthesis
refers to sensations of movement arising from the receptors other than the nonauditory labyrinth.) The
experimental scenario is described as follows: An operator is asked to maneuver a remotely piloted
vehicle (RPV) from an airborne control station (a mother ship). This station is equipped with a television
monitor, control stick, and other controls and displays necessary to maneuver the RPV through a specified
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course. The RPV, containing a television camera mounted in its nose, relays an image of the terrain to be
displayed on the television monitor in the control station. Thus, the visual scene displayed to the operator
represents the scene viewed by the camera. The task of the operator is to use the controls and displays to

"fly" the RPV in much the same way he would fly a conventional aircraft.

The scenario is complicated by several factors. First, the visual inputs to the operator from the
RPV are independent of the motion inputs from the control station. Thus, the operator will experience
motion cues that are uncorrelated with the visual inputs received from the RPV. Second, while traditional
pilot training programs operate on the philosophy that proprioceptive cues provided by the motion of the
aircraft should be disregarded, research has shown that these cues are compelling, not easily ignored, and
may improve performance when used in training simulators (see, for example, Borlace, 1967; Cohen,
1970; Douvillier, Turner, McLean, & Heinle, 1960; Fedderson, 1961; Huddleston & Rolfe, 1971; Rathert,
Creer, & Douvillier, 1959; Ruocco, Vitale, & Benfari, 1965). The task simulated in the experiment
presented here, however, required that the RPV operator disregard sensations of motion in order to
maintain adequate performance. Under conditions of visual -proprioceptive conflict (as when the mother
ship and/or the RPV are in turbulence) the stereotypic responses of pilots to correct angular accelerations
will be inappropriate.

The objectives of the experiment were to obtain data applicable to the following.

1. The relative difficulty of controlling an RPV from an airborne station under different visual-motion
combinations (e.g., visual-motion combinations that produce conflict, or no conflict).

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

3. The differential effects of experience on the acquisition of skills necessary to operate an RPV.,
4. Selection and training of potential RPV operators.

5. The need for motion in RPV training simulators.

II. METHOD
Simulation System

This research utilized the Simulation and Training Advanced Research System (STARS) facility
of the Advanced Systems Division, Air Force Human Resources Laboratory, Wright Patterson Air Force
Base, Ohio. The equipment consisted of an operator station mounted on a motion platform, hydraulic
pump, terrain model, television camera and optical probe, experimenter station, and a Sigma 5 digital
computer. A brief description of the hardware system is presented as follows.

Operator station. The operator station, illustrated in Figure 1, was designed to simulate the
environment of an airborne control station. This station contained a television monitor that provided
visual images relayed to h from a simulated RPV. These visual images were generated from a television
camera and optical probe, which viewed the terrain model. The path followed by the camera and probe
over the terrain model was commensurate with the vehicle flight path as determined by control stick
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inputs provided by the subject. Since the control stick and visual system were independent of the motion
platform, the capability existed for the subject to ‘

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

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

The subject sat in an aircraft-type seat directly facing a 14- by 11-inch (35.6 by 27.9 cm)
television monitor, which was mounted in a center sectional panel of the operator console. The distance
between the subject’s eyes and the center of the television screen was 28 inches (71.1 c¢m). The viewing
angle subtended 28.07° in the lateral plane and 22.23° in the vertical plane of the monitor. An altimiter,
altitude warning light, and an attitude director indicator (ADI) were mounted on a flat sectional panel to
the left of the subject and at an angle of 45° from the center panel (See Fi gure 2). The altimeter was a
vertical straight-scaled indicator with a moving pointer that provided altitude readings in feet above sea
level. An amber altitude warning light flashed whenever the simulated RPV altitude dropped to a level,
below 180 feet (54.9 m), remained on whenever altitude exceed 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 was mounted on the right-hand side console armrest
(see Figure 2). The control was a spring-centered stick with a dual-axis (fee positioning) capability that
required 4 ounces; (113.4 g) breakout force. The same amount of force was needed to hold the stick at full
deflection. The range of deflection on both lateral (right - left) and longitudinal (fore - aft) stick was 0 to
25° (henceforth referred to as 0 to 100 percent deflection).

In addition, the operator station contained a foot switch to allow the subject to communicate with
the experimenters. White noise was input to the subject’s headset to mask external disturbances. The
aircraft seat was equipped with a standard harness and lapbelt to protect the subject. An air conditioner
maintained the station at 70° F (21.1° C). Finally, incident illumination was at an average of .37
footcandles at eye level.

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

Motion system. The operator station was mounted on a motion platform that provided onset cues
in two degrees of freedom of angular acceleration. Roll onset cues were provided by tilting the simulator
about the longitudinal axis (i.e., the X axis) and pitch onset cues were provided by tilting the simulator
about the lateral axis (i.e., the "Y" axis). Motion was achieved by actuation of hydraulic cylinders mounted
under the 9- by 8-feet (2.74 by 2.4 m) simulator platform, as shown in Figure 1.

Visual system. The visual system consisted of a three-dimensional terrain model (a modified
SMK-23 Visual Simulator, The Singer Company), television camera and optical probe, and three
monochromatic television monitors. The terrain model provided “real-world ground cues for visual
tracking over the surface. The real-world to terrain model scale was 3,000:1 and represented a six by
twelve-mile (9.65 by 19.3 km) area. The model was mounted on an endless belt that was servo-driven to
represent the continuous changes in scene as the simulated RPV traveled along north-south directions. A
television camera viewed the terrain model through an optical probe that contained a servoed mechanical
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assembly to permit the introductions of heading, roll, and pitch. Both the camera and probe were mounted
on a servo-driven carriage system that moved across the terrain model to simulate movement of the RPV
along east-west directions and in and out to simulate altitude changes. The field of view represented on
the television monitor subtended a viewing angle of 50° horizontally and 38° vertically over the terrain
model. One television monitor was mounted in the operator station and the other two were located in the
experimenter station. All three monitors had a 1,000-line resolution vertically.

Experimenter station. The experimenter station contained the equipment necessary to monitor the
status of the hardware/software and control activities of the subject, and to setup the various stimulus
conditions. This station was manned by two experimenters. The task of the first was to prepare the system
for operation, insure that all hardware was operating effectively and reliably prior and during the
experiment, and set up the conditions for all experimental trials in accordance with a prepared check list.
The task of the second experimenter was to determine the appropriate time for introducing specific stimuli
to the subject. When certain criteria were met, the experimenter pressed a discrete hand-held insert button
to initiate a stimulus trial.

Computer system and interfaces. A Sigma 5 digital computer was used to drive the peripkeral

equipment, and to record data during experimental runs. Resident software consisted of a real-time
aerodynamic mathematical model, executive routine, and data recording programs. The

7
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RELEASE: 99-59
SYNTHETIC VISION COULD HELP PILOTS STEER CLEAR OF FATALITIES

NASA and industry are developing revolutionary cockpit
displays to give airplane crews clear views of their surroundings
in bad weather and darkness, which could help prevent deadly
aviation accidents.

Limited visibility is the greatest factor in most fatal
aircraft accidents, said Michael Lewis, director of the Aviation
Safety Program at NASA's Langley Research Center in Hampton, VA.
NASA has selected six industry teams to create Synthetic Vision,
a virtual-reality display system for cockpits, offering pilots an
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electronic picture of what's outside their windows, no matter the
weather or time of day.

"With Global Positioning Satellite signals, pilots now can
know exactly where they are,” said Lewis. "Add super-accurate
terrain databases and graphical displays and we can draw three-
dimensional moving scenes that will show pilots exactly what's
outside. The type of accidents that happen in poor visibility
Just don't happen when pilots can see the terrain hazards ahead.”

The NASA Aviation Safety Program envisions a system that
would use new and existing technologies to incorporate data into
displays in aircraft cockpits. The displays would show hazardous
terrain, air traffic, landing and approach patterns, runway
surfaces and other obstacles that could affect an aircraft's
flight.

Industry teams submitted 27 proposals in four categories:
commercial transports and business jets, general aviation
aircraft, database development and enabling technologies. NASA
and researchers from the Federal Aviation Administration and
Department of Defense evaluated the proposals' technical merit,
cost and feasibility. '

NASA has committed $5.2 million that will be matched by $5.5
mullion in industry funds to advance Synthetic Vision projects
over the next 18 months. More money is expected to be designated
later to accelerate commercialization and make some systems
available within four to six years.

Among the team leaders selected for the first phase of the
program are: Rockwell Collins, Inc., Cedar Rapids, IA; AvroTec,
Inc., Portland, OR; Research Triangle Institute, Research Triangle
Park, NC; Jeppesen-Sanderson, Inc., Englewood, CO; the Avionics
Engineering Center of Ohio University, Athens, OH; and Rannoch
Corporation, Alexandria, VA.

Rockwell Collins, Inc. will receive funds to develop
synthetic vision for airliners and business jets. The AvroTec,
Inc. and Research Triangle Institute groups will use their awards
to create technologies for a general-aviation synthetic vision
system. A team led by Jeppesen-Sanderson, Inc. will receive funds
to develop terrain database requirements and system approaches.
The Avionics Engineering Center of Ohio University and Rannoch
Corporation will use their awards to design specific component
technologies for Synthetic Vision.

The Aviation Safety Program is a partnership with the FAA,
aircraft manufacturers, airlines and the Department of Defense.
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This partnership supports the national goal announced by President
Clinton to reduce the fatal aircraft accident rate by 80 percent
in 10 years and by 90 percent over 25 years.

Because of advances in the last 40 years, commercial
airliners are already the safest of all major forms of
transportation. But with an accident rate that has remained
relatively constant in the last decade and air traffic expected to
triple over the next 20 years, the U.S. government wants to
prevent a projected rise in the number of aircraft accidents.

For a complete list of industry teams please check the
Internet at:

http://oea.larc.nasa.gov/news_rels/1999/May99/99-025 html
-end -
Reference 22 — Virtual Cockpit Window' for a Windowless Aerospacecraft, NASA Tech Briefs.

January 2003, page 40. http://www.nasatech.com/Briefs/Jan03/MSC23096.htm]
Mirrored Copy: http://www.jmargolin.com/svr/refs/ref22 nasa_techbriefs.pdf

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

A software system processes navigational and sensory information in real time to generate a
three- dimensional- appearing image of the external environment for viewing by crewmembers
of a windowless aerospacecraft. The design of the particular aerospacecraft (the X-38) is such
that the addition of a real transparent cockpit window to the airframe would have resulted in
unacceptably large increases in weight and cost.

When exerting manual control, an aircrew needs to see terrain, obstructions, and other features
around the aircraft in order to land safely. The X-38 is capable of automated landing, but even
when this capability is utilized, the crew still needs to view the external environment: From the
very beginning of the United States space program, crews have expressed profound dislike for
windowless vehicles. The well-being of an aircrew is considerably promoted by a three-
dimensional view of terrain and obstructions. The present software system was developed to
satisfy the need for such a view. In conjunction with a computer and display equipment that
weigh less than would a real transparent window, this software system thus provides a "virtual
cockpit window."

The key problem in the development of this software system was to create a realistic three-
dimensional perspective view that is updated in real time. The problem was solved by building
upon a pre-existing commercial program — LandForm C3 — that combines the speed of flight-
simulator software with the power of geographic-information-system software to generate real-
time, three-dimensional-appearing displays of terrain and other features of flight environments.
In the development of the present software, the pre-existing program was modified to enable it to
utilize real-time information on the position and attitude of the aerospacecraft to generate a view
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of the external world as it would appear to a person looking out through a window in the
aerospacecraft. The development included innovations in realistic horizon-limit modeling, three-
dimensional stereographic display, and interfaces for utilization of data from inertial-navi gation
devices, Global Positioning System receivers, and laser rangefinders. Map and satellite imagery
from the National Imagery and Mapping Agency can also be incorporated into displays.

After further development, the present software system and the associated display equipment
would be capable of providing a data-enriched view: In addition to terrain and obstacles as they
would be seen through a cockpit window, the view could include flight paths, landing zones,
aircraft in the vicinity, and unobstructed views of portions of the terrain that might otherwise be
hidden from view. Hence, the system could also contribute to safety of flight and landing at night
or under conditions of poor visibility.

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

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

Reference 23 — Press Release from Rapid Imaging Software, Inc.
(http://www landform.com/pages/PressReleases.htm) which 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 successfully flew the X-38 from a remote cockpit
using LandForm VisualFlight as his primary situation awareness display in a flight test at
Edwards Air Force Base, California. This simulates conditions of a real flight for the windowless
spacecraft, which will eventually become NASA's Crew Return Vehicle for the ISS. We believe
that this is the first test of a hybrid synthetic vision system which combines nose camera video
with a LandForm synthetic vision display. Described by astronauts as "the best seat in the
house”, the system will ultimately make space travel safer by providing situation awareness
during the landing phase of flight.

Reference 24 — Description of Path-in-the-Sky Contact Analog Piloting Display, Charles E. Knox
and John Leavitt, October 1977, NASA Technical Memorandum 74057
http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19780002119 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 Integrator”, Small, D.M. USAF, Avionics
Laboratory, Wright-Patterson AFB, OH, AIAA-1981-2289. In: Digital Avionics Systems Conference,

- 4th, St. Louis, MO, November 17-19, 1981, Collection of Technical Papers. (A82-13451 03-04) New
York, American Institute of Aeronautics and Astronautics, 1981, p. 356-359.
http://www.jmargolin.com/svr/refs/ref25 small.pdf

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

Reference 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.

Map: http://www.jmargolin.com/svr/refs/ref26_pmap1.pdf
Washington Legend showing paper map symbology: http://www.jmargolin.com/svr/refs/ref26 pmap2.pdf

Reference 27 - Using Synthetic Images to Register Real Images with 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 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.

Reference 28 - U.S. Patent 3,328,795 Fixtaking Means and Method issued June 27, 1967 to Hallmark.

USPTO Database (Does not have htmp version): http://patft.uspto. gov/netacgi/nph-
Parser?SectlzPTOl&Sect2=HITOFF&d=PALL&p=1&u:%ZFnetahtml%2FPTO%2Fsrchnum.htm&r:1
&sz&l:SO&s1=3,328,795.PN.&OSzPN/3,328.795&RS=PN/3,328,795

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

Reference 29 — U.S. Patent 4,347,511 Precision navigation apparatus issued August 31, 1982 to
Hofmann, et al.

From USPTO: http://patft.uspto.cov/netacei/nph-
Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1 &u=%2Fnetahtml%2FPTO%?2Fsrchnum. htm &r=1
&f=G&1=50&51=4,347,511.PN.&OS=PN/4,347.51 1&RS=PN/4.347.511

PDF Version: http://www.jmargolin.com/svi/refs/ref29 434751 l.pdf
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Reference 30 — I don’t know if Terrain Referenced Navigation works over Kansas, but I know Kansas s
flat. From: http://www.guardian.co.uk/educati0n/2003/sep/25/research.highereducationZ

This year, for instance, three geographers compared the flatness of Kansas to the flatness of a
pancake. They used topographic data from a digital scale model prepared by the US Geological
Survey, and they purchased a pancake from the International House of Pancakes. If perfect flatness
were a value of 1.00, they reported, the calculated flatness of a pancake would be 0.957 "which is
pretty flat, but far from perfectly flat". Kansas's flatness however turned out to be 0.997, which they
said might be described, mathematically, as "damn flat".

Mirrored Copy: http://www.jmargolin.com/svr/refs/ref30 kansas.pdf

Reference 31 - U.S. Patent 4,660,157 Real time video perspective digital map display method issued
April 21, 1987 to Beckwith, et al.

USPTO (html): http://patft.uspto.gov/netacgi/nph-
Parser?Sect1=PTO1&Sect2=HITOFF&d=PALIL &p=1 &u=%2Fnetahtml%2FPTQ%2Fsrchnum. htm&r=1
&f=G&1=50&s51=4,660.157 PN.&OS=PN/4,660,1578&RS=PN/4.660,157

PDF: http://www.jmargolin.com/svr/refs/ref31 4660157.pdf

Reference 32 — U.S. Patent 5,179,638 Method and apparatus for generating a texture mapped
perspective view issued 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=%2Fnetahtml %2FPTO%2Fsrchnum.htm&r=1
&f=G&I1=50&s51=5,179,638.PN.&OS=PN/5,179,638&RS=PN/5.179.638

PDF: http://www.jmargolin.com/svr/refs/ref32 5179638.pdf

Reference 33 - U.S. Patent 4,884,220 Address Generation with Variable Scan Patterns issued
November 28, 1989 to Dawson et al.

USPTO (html): http://patft.uspto.gov/netacgi/nph-
Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1 &u=%2Fnetahtm! %2FPTO%2Fsrchnum.htm &=
&f:G&l:SO&s1=4,884,220.PN.&OS:PN/4.884,220&RS=PN/4‘884,220

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 DTIC http://www.dtic.mil/srclﬂdoc?collection=t2&id:ADAO39999
Mirrored Copy: http://www.jmargolin.com/svr/refs/ref34 vcass.pdf
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Converted to text using OCR (with the paragraphs numbered):
http://www.jmargolin.com/svr/refs/ref34 vcass.htm

Reference 35 — The earliest known description of the invention that became U.S. Patent 5,566,073 Pilot
Aid Using A Synthetic Environment. http://www jmargolin.com/svi/refs/ref35 pilotdoc.pdf

Reference 36 - U.S. Patent 5,566,073 Pilot Aid Using A Synthetic Environment issued October 15,
1996 to Margolin

USPTO (html): http://patft.uspto.gov/netacei/nph-
Parser?Sect]1=PTO1&Sect2=HITOFF&d=PALL&p=1 &u=%2Fnetahtml%2FPTO %2Fsrchnum htm&r=1
&f=G&l=50&sl=5,566,073.PN.&OS:PN/5,566,073&RS=PN/5,566,073

PDF: http://www.jmargolin.com/svr/refs/ref36 5566073.pdf

Reference 37 — U.S. Patent 5,904,724 Method 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&p=1&u=%2Fnetahtm|%2FPTO %2Fsrchnum.htm&r=1
&f=G&I=50&51=5904,724 PN.&OS=PN/5.904,724&RS=PN/5.904.724

PDF: http://www.jmargolin.com/svr/refs/ref37 5904724 .pdf

Reference 38 - U.S. Patent Application Publication 20080033604 System and Method For Safely
Flying Unmanned Aerial Vehicles in Civilian Airspace

USPTO (html): http://appftl.uspto.gov/netacgi/nph-
Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-
adv.html&r=18&p=1&f=G&|=50&d=PG01 &S 1=%22synthetic+vision%22&0S=%22synthetic+vision%
22&RS=%22synthetic+vision%22

PDF: http://www.jmargolin.com/svr/refs/ref38 pe3604.pdf

Reference 39 — Letter sent to Optima Technology Group by Rapid Imaging Software attorney Benjamin
Allison, dated October 13, 2006. http://www.jmargolin.com/svr/refs/ref39 ris.pdf

Reference 40 - NTSB Incident Report on crash of Predator on April 25, 2006, northwest of Nogales, NM.
NTSB Identification CHID6MA121

http://www.ntsb.gov/ntsb/brief.asp?ev id=20060509X00531&key=%201

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

.end
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From: McNutt, Jan (HQ-MC000)

Sent: Friday, February 13, 2009 2:08 PM

To: Hammerle, Kurt G. (JSC-AL)

Cc: Fein, Edward K. (JSC-AL); Rotella, Robert F. (HQ-MA000); Borda, Gary G. (HQ-MC000)
Subject: Margolin

Kurt,

(-

This document, including any attachments, contains information that may be confidential, protected by the attorney-client or
other applicable privileges, or constitutes non-public information. All content is intended only for the designated recipient(s).
If you are not an intended recipient of this information or have received this message inadvertently, please take appropriate
steps to destroy this content in its entirety and notify the sender of its destruction. Use, dissemination, distribution, or
reproduction of this information by unintended recipients or in a manner inconsistent with its provision is not authorized and
may be unlawful.

From: Robert Adams-OTG [mailto:—
9 5:35 PM

Sent: Thursday, February 12, 200
To: McNutt, Jan (HQ-MC000) .
Subject: RE: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter,

Jan,

We have now licensed Cobham the parent company of Chelton Flight System and expect to wrap up a license for
Rockwell in the coming weeks.

Attached you will find the voicemail from Cobham's attorney that concluded a yearlong drawn out process; as I write
this letter we await the signed hard copies in the mail.

We shall be filing in Federal Court against Garmin in the coming months as they are the last one who is being definite
due to their bad advice from a money hungry attorney.

Can you please provide me a status as to the resolve regarding the issues between our two companies'?

With the recent new licensee's | remain optimistic that this business matter can be resolved peacefully between our two
companies.

Thank you,

Robert
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From: McNutt, Jan (HQ-MC000) [mailto:— \9\{9\)“~ R

Sent: Thursday, January 22, 2009 1:16 PM

To: Robert Adams-OTG

Subject: RE: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.

Dr. Adams,

We are close to a decision on this matter. | will inform you of our progress (possibly decision) in the next cbuple of weeks.

Regards,

Jan S. McNutt
Senior Attorney (Commercigl)

.\

LN
From: Robert Adams-OTG [mailto— \D A )
Sent: Saturday, December 27, 2008 7:27 PM
To: McNutt, Jan (HQ-MC000)
Subject: FW: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.

Mr. McNutt, \OL“D

“

I will advise you that a lack of response or no response could be a violation of Rule 11, thus your continued delay tactics
could allow us to move forward and ask the court to impose an appropriate sanction.

Dr. Adams

From: Robert Adams-OTG [mailto— \O(Q -

Sent: Friday, October 03, 2008 5:18 AM
To: 'McNutt, Jan (HQ-MC000)'
Subject: RE: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.

Mr. McNutt,

Our company provided you're everything that had been requested by your counsel as all of that is legal and current, for
you to say otherwise is nothing more than an attempt to delay the process and shall be brought up latter to the judge
should this matter go to court.

Dr. Adams

From: McNutt, Jan (HQ-MC000) [mailto: i || | RN \OUV\ -

Sent: Wednesday, October 01, 2008 7:58 AM

To: Robert Adams-OTG
Subject: RE: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.

Dear Mr. Adams,

We trust that you have forwarded our letter of August 20, 2008 to your
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attorney Mr. Larry Oliverio and anticipate that he will be responding to the more detailed and also more current
information we requested in that letter.

Regards,

Jan S. McNutt

Senior Attorney (Commercial)
Office of the General Counsel
NASA Headquarters

\0@

This document, including any attachments, contains information that may be confidential, protected by the attorney-client or
other applicable privileges, or constitutes non-public information. All content s intended only for the designated recipient(s).
If you are not an intended recipient of this information or have received this message inadvertently, please take appropriate
steps to destroy this content in its entirety and notify the sender of its destruction. Use, dissemination, distribution, or
reproduction of this information by unintended recipients or in a manner inconsistent with its provision is not authorized and
may be unlawful.

From: Robert Adams-OTG [mailto_ \()Up )
Sent: Tuesday, September 30, 20 :04 PM N

To: McNutt, Jan (HQ-MC000)
Subject: FW: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter. .

N A
—

Dr. Adams

Sent: Monday, August 25, 2008 3:48 PM h \0[ & )

To: 'McNutt, Jan (HQ-MC000)'; -

Subject: Jan S. McNutt, Please see the attached letter:; it is your response to your most recent letter.

From: Robert Adams-OTG [mailto:

Sent via U.S. Mail with tracking number

Jan S. McNutt,

Please see the attached letter; it is your response to your most recent letter.
Thank you,

Dr. Robert Adams — CEO
Optima Technology Group W

Phone UP
Fax \Q

Simply Smarter, Encryption & Aerospace Solutions since 1990! The information contained in this e-mail and
any attachments are legally privileged and confidential. If you are not an intended recipient, you are hereby notified
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that any dissemination, any and all distribution or copyi i ihi i
. , pying of this e-mail is strictly prohibited wi ' 5
(?ptlma Technol.ogy Group (sender). If_you have received this e-mail in error, plegse notify tvrrghsoeuntc:he prlc;)r oo
elete the e-mait apd any attachments immediately. You should not retain, copy or use this e-mail oy sttt
any purpose, nor disclose all or any part of the contents to any other person. Thank you °rany atiachment for
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X-38 Vehicle
Portable Diagnostic Terminal Software for the X-38

Francisco J. Delgado

The Portable Diagnostic Terminal (PDT) is an IBM Thinkpad that can be carried about and
connected to the onboard X-38 flight computer via an ethernet TCP/IP connection. The
PDT serves as the interface to all X-38 subsystems. On the ground before the vehicle is
launched the PDT provides the capability to checkout the health and status of the vehicle
subsystems and perform software loads. While docked with the Space Station the PDT will
be used to conduct routine subsystem health monitoring and to perform software loads.
When the X-38 lands, the PDT will be used to download data from the flight recorder and
perform immediate vehicle checkout. During test phases the PDT will be used to perform
initialization loads for the flight computer, flight performance data monitoring, system
activation, and vehicle test and checkout.

The PODT will be used to upload/download: flight software, flight software initialization data
files (I-loads), and recorded flight data. It will also perform flight system sequence
execution and monitoring for system activation sequences, system deactivation
sequences, and test sequences. Further more it will also provide flight test operator
support of the test vehicle for ground flight data display and recording, system
commanding, and vehicle release go/no-go decision support.

" During 1996, requirements were collected from all the different subsystems. These require-

ments were used to create the different subsystem displays, produce a PDT requirements

- document, and produce a PDT testing/operational procedures document. The PDT

software written has been used to support a wide assortment of tests conducted, some of
which include: two KC-135 X-38 test flight experiments, an early Electro-Mechanical
Actuator testbed experiment, INS/GPS testbed experiments, and early 131 X-38 test vehicle
integration. All the PDT software created was written under the LabView 3.1 environment.
Figure 1.0 depicts the object oriented approached selected for the PDT software

 architecture. Along with the individual subsystem displays, a summary screen has been

developed that gives the user a summarized description of the health and launch commit
criteria status for all the different subsystems. Subsystems monitoring and commanding
displays have been developed for: Parachute and Pyrotechnics, INS/GPS, Communication
& Tracking, Flight Safety, Power and Distribution, Flush Air Data System, and Fire
Suppression. Along with these subsystems, additional displays have been built to
accommodate for unit testing of different hardware components, test boxes, and PDT to
flight computer remote commanding.

Future plans are to continue development of the PDT software. This continued development

includes: adding any additional subsystem displays necessary, adding PDT resident FDIR
software, and modifying the current displays on an as needed basis.

B-12 04220




Inlﬁallze Show m in
Sets any parameters Loads the display panels ' ;
: ; Scan to see if an

1o the required starting so that viewing of the commands ne:d );or%rgote

values/states. different displays is possible / sent to the flight computer
/7 from the PDT.

A < Updtate
Initialize Displays and Select a display to view Loads new values to

the appropriate

Open TCP/IP Connsction
indicators and

Update displays, look for

H remote commands, checl
Execu tl ve for Health, and check RFF| graphs.
of Subsystems Heall

_3_[ Terminate Displays and

Close TCP/IP Connection| Run-Time Loop Perform the neccessary

- calculations required to
assess the health of the
different subsystems

RFF
Perform the neccessary
to the required commit for launch criterea

termination values/states gcggkztleor;;he different
and closes all the display ) ) y
panels for the diffarent - :

subsystems.

Figure 1.0: This figure illustrates the object oriented approach selected as the software
architecture for the PDT. Each subsystem display, 18 in all to this point, has seven
different methods associated with it. These methods are: Initialize, Show, Updats,
Commanding, RFF, Health, and Terminate. The executive calls each method of each
display in the sequential order depicted above.

Terminate

Sets any parameters
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X-38 Vehicle
Advanced Algorithms for the X-38 Flush Air Data System

Francisco J. Delgado

Increasingly, flight systems designs for advanced aerospace vehicles are requiring the
availability of accurate and high-fidelity air data; such as, angle of attack (alpha) and side
slip angle (beta), see figure 1.0. As a means of circumventing many difficuities associated
with conventional air data system, a flush air data sensing system (FADS) concept was
originated at NASA Langley Research Center and flight tested at the NASA Dryden Flight
Research Facility (DFRF). This FADS has been chosen for use on the X-38 vehicle to
calculate the air data parameters used during flight.

The X-38 FADS system is depicted in figure 2.0. It consists of a total of nine pressure
sensors arranged in a crucifix fashion on the nose-cone of the vehicle. The current
software that calculates the required air data parameters uses an analytical algorithm,
referred to a TRIPLES. TRIPLES takes every possible subset of three pressure sensors
on the vertical axis and using non-linear regression algorithms calculates alpha for the
vehicle. It then takes alpha and every possible combination of three pressure sensor
readings on the horizontal axis and using more non-linear regression techniques,
calculates beta. The current X-38 flight computer is a Motorola 68040 running on a 40
milli-second clock cycle. The FADS system is part of the data conversion/FDIR (SOP)
which is allocated 3.5 ms. Of this 3.5 ms, the FADS system can use 2.0 ms to perform any
required calculations. TRIPLES is currently taking about 11 ms to perform the required
calculation, which is too slow. The FADS system does not include any FDIR to detect if
any of the pressure sensors have failed. '

Different neural network, fuzzy logic, signal processing, and statistical techniques are being
investigated in an attempt to create and implement a fast, efficient, and accurate pattern
recognition and function approximation system for the X-38 FADS. Wind tunnel data
collected from a Texas A&M wind tunnel experiment for an X-38 model, in conjunction with
abductive information modeling techniques have been used to develop polynomial
functions which can quickly and effectively calculate alpha and beta given the nine
pressure readings from the FADS pressure sensors. The abductive information modeling
technology being investigated creates polynomial approximators in a supervised fashion,
given a set of inputs and desired outputs it creates polynomials that map the inputs to the
outputs. The wind tunnel data was randomly split into a training set, using 70% of the data,
and a test set, using the remaining 30% of the data. Polynomials were created that can
predict alpha and beta to within + 1/2 degree. The polynomials created to calculate alpha
and beta are simple, see figure 3.0. The polynomiat used to calculate alpha takes
approximately 6 micro-seconds to run, while the polynomial that calculates beta takes
approximately 8 micro-seconds to run. Some redundancy management is being
investigated to assure that the results obtained are a function of pressure sensors which
have not failed. Figure 4.0 illustrates the total error associated with the polynomial
functions created to predict alpha and beta. The error achieved is within + 1/2 degree
accuracy and performs all the required calculations well within the required 2 ms of CPU

time.

Work is in progress to automatically detect and exclude any failed pressure sensor in any
air data calculation, reducing the error from 1/2 to 1/3 degree accuracy, and providing
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greater redundancy in the alpha and beta calculations. Everything is proceeding on
schedule and all indications are that a fast, accurate, and robust computer algorithm can
be developed for the X-38 FADS using the advanced technologies being investigated.

Vetocity Vacior
Figure 1.0: Depiction of the angle of attack (alpha), and the side slip angle (beta)
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Figure 3.0: Simple polynomials created to predict alpha and beta, using the 9 pressure
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Figure 4.0: Absolute error (in degrees) for the polynomials used to predict alpha and beta.
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X-38 Vehicle

Accurate Determination of Flight Control Air Data Parameters Using
Artificial Neural Networks and the X-38 Flush Air Data System
Frank Delgado

The X-38 program is developing a series of prototype flight test vehicles leading to a functional
Crew Return Vehicle (CRV). The development of these prototype vehicles wiil demonstrate
which technologies are needed to build an inexpensive, safe, and reliable spacecraft that can
rapidly return astronauts from onboard the International Space Station (1SS) to Earth. These
vehicles are being built using an incremental approach and where appropriate, are taking
advantage of advanced technologies that may help improve safety, decrease development
costs, reduce development time, and outperform traditional technologies. The operational
CRV will be fully automated and require very little crew interaction during its retumn trip to Earth.

A Flush Airdata System (FADS), originally developed at the NASA Langley Research Center
and flight tested at the NASA Dryden Flight Research Facility (DFRF), is being used on the X-
38 program to provide airdata parameters required for an automated flight control system. The
X-38 FADS uses a matrix of 9 pressure ports arranged in a crucifix pattern around the nose of
the vehicle, figure 1.0. The differences between the pressure values at the different port
locations can be used to determine: the angle of attack (a), angle-of-sideslip (B), Mach
number (M), and free stream static pressure (P,), figure 2.0. The determination of other
airdata parameters can be computed from these parameters using standard aerodynamic
equations. The software used at the DFRF with this FADS is called TRIPLES. The slow

~ execution of the TRIPLES software on the X-38 flight computer, a Motarola 68040 running in a
40 ms clock cycle, raised concems and initiated an investigation into the use of Neural
Network (NN) technology as a possible replacement for TRIPLES.

Wind tunnel data collected at different a, B, M, and P,, for a 5.2-percent scaled version of the
X-38 vehicle was used to create different Neural Networks that can quickly and accurately
determine the required flight control airdata parameters, given the 9 pressure port readings on
the nose of the vehicle. The NN paradigm selected is called abductive information modeling
and is implemented in a software package called ModelQuest Enterprise, which was
developed by Abtech corporation under a NASA phase Il Small Business Innovative Research
program grant. Additional training and testing data was collected during four X-38 captive
carry tests.

The desired accuracy for the different airdata parameters are: +- 0.50° for o« and B, +-0.03 for
Mach, and +-50 psf for P_. The parameters must all be calculated within an extremely
constrained computing environment. The FADS systems is allocated 2.0 ms of CPU time to
perform all its required calculations. The TRIPLES algorithm is currently taking about 4.5 ms to
run, while the NN can calculate the same parameters in ~0.90 ms. The NN achieved an
average error of less than: +-0.11° for a and B, +-0.006 for M, and +-8.3 pst for P, figure 3.0.

Work is in progress to automatically detect and exclude any failed pressure sensor in all air
data calculations. The actual FADS system, TRIPLES or NN, that will used during active flight
control will be selected early 1998. Everything is proceeding on schedule and the NN system
developed so far has exceeded our initial expectations.
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X-38 Vehicle

Portable Diagnostic Terminal Software for the X-38
Frank Delgado

The Portable Diagnostic Terminal (PDT) is an IBM Thinkpad that can be carried about and
connected to the onboard X-38 flight computer via an ethernet Transmission Control
Protocol/Intemet Protocol (TCP/IP) connection. The PDT serves as the interface to all the X-
38 subsystems. On the ground before the vehicle is launched the PDT provides the capability
to checkout the health and status of the vehicle subsystems and perform software loads.
During captive carry tests, when the vehicle is attached to the B52 (figure 1.0), the PDT will be
used to conduct routine subsystem health monitoring, and mode the vehicle into a free fight
mode. When the X-38 lands, the PDT will be used to download data from the flight recorder,
perform immediate vehicle checkout, and begin post flight shutdown procedures. During non-
flight tests the PDT will be used to perform initialization loads for the flight computer, flight
performance data monitoring, system activation, and vehicle test and checkout.

The PDT will be used to upload/download: flight software, flight software initialization data files
(I-loads), and recorded flight data. It will also perform flight system sequence execution and
monitoring for system activation sequences, system deactivation sequences, and test
sequences. Furthermore, it will provide flight test operator support of the test vehicle for
ground flight data display and recording, system commanding, and vehicle release go/no-go
decision support.

During 1997, additional requirements, above and beyond those collected in 1996, were
collected from different subsystems and incorporated into the PDT testing/operational
procedures document. These new requirements were also implemented into the operational
PDT code. The PDT was used to support several KC135 flights, and 4 captive carry tests. All
the PDT software was written under the LabView 4.0.1 environment. Figure 2.0 depicts the
object oriented approached selected for the PDT software architecture. Along with the
individual subsystem displays, a summary screen was developed that gives the user a
summarized description of the health and launch commit criteria status for all the different
subsystems. Subsystems monitoring and commanding display support was provided for:
Parachute and Pyrotechnics, Inertial Navigation System/Global Paositioning System (INS/GPS),
Communication and Tracking, Flight Safety, Power and Distribution, Flush Air Data System,
and Fire Suppression. Along with these subsystems, additional displays have been built to
accommodate for unit testing of different hardware components, test boxes, and PDT to flight
computer remote commanding.

A fully functional PDT has been developed, tested, and delivered to the X-38 program.
Routine maintenance of the PDT has been handed over to Avionic Systems Division personnel
and the Automation, Rabotics, and Simulation Division's only involvement is in a consuiting
role.
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Figure 1.0: Photograph of X-38 during'captive carry flight 1. The X38 vehicle is
attached to the wing of the B52 and flown around at different altitudes and
velocities to collect data. To date four captive carry flights have been

performed.
{ndividual Subsystem Displavs
L Communication & Tracking
L Summary
Reconky tion
EXECUTIVE e
e Suppression
L INS/GPS
INITIALIZE [ N Fire Suppression
{ ;’FPS -
RUN-TIME -
TERMINATE J
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Figure 2.0: This figure illustrates the object oriented approach selected for the PDT software

architecture. Each subsystem display has seven different methods associated with it:
Initialize, Show, Commanding, Update, Ready for Flight (RFF), Health, and Terminate. The
Executive begins by initializing every subsystem display, system level routines, and data
warehouses. It then proceeds to the run-time loop, during which it brings in data, calibrates it,
and calls the appropriate methods for each of the subsystem displays. The Executive remains
in the run-time loop until one wishes to exit, at which time a couple of buttons are pressed on
the screen and the executive calls the terminate method of each display and exits to a higher
level starting screen.
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X-38 Vehicle

The Automation & Human Interface Computer for the X-38
Frank Delgado

The X-38 program was stanted in early 1995 to explore the feasibility of building a space
station Crew Retum Vehicle (CRV). The X-38 program is developing a series of test vehicles
to demonstrate the low-cost technologies and methods required to developed a fully functional
CRV. The X-38 program will use gradual buildup approach. It will start with a series of
atmospheric and ground-based tests vehicles, known as: vehicle 131 (V131), vehicle 132
(V132), and vehicle 133 (V133), and culminate with the development of a Space-capable test
vehicle called vehicle 201 (V201). V201 be flown on the space shuttle as a payload
experiment in 2001. .

The Automation and Human interface Computer (AHIC) will provide a graphical user interface
that will provide astronauts, launch panel operators, and subsystem leads with the necessary
feedback to quickly and accurately determine the health of the vehicle and its subsystems.
AHIC will also include advanced Fault Detection Isolation and Recovery (FDIR) software and a
mechanisms tor operators to change the state of certain onboard devices using remote
commands. Additionally AHIC will also include a documentation archive where one can
access an assortment of document which may include: flight rules, flight procedure, diagrams,
subsystem requirements, cue cards, etc.

Figure 1.0 illustrates the V133 and V201 AHIC architecture. The data comes into our system
via the computer interface (RS422) and ptaced into the Data Collection & Calibration Module.
The calibrated data is then passed to the Data Distribution and Inter-Module Communication
(DDIMC), which acts as our architecture's nervous system and distributes the datatoallthe
modules requiring the data. DDIMC also handles any inter-module communication that may

be necessary.

For the graphical user interface on V133, we will focus on developing a virtual cockpit for the
parachute system. We have acquired a 3 dimensional mode! of the X-38 and are currently
collecting United States Geological Survey data at different altitudes. This terrain data will give
us a realistic 3 dimensional terrain map of the region we will be flying over. We are also using
a variety of virtual reality modeling tools to build objects which will be used in the virtual
cockpit. We will take all of this and tie it together using Template Graphics 3D Mastersuite to
build a virtual cockpit that will give the visual affect of what it would look like, from the venhicle,
from the post parachute deploy phase to the actual landing of the vehicle. The cockpit will
have the ability to uplink commands to the vehicle, using a UHF System, which will give it the
ability to steer the parachute. This cockpit could be used to control the parachute from any
remote location, whether its out in the desert, in hanger or where ever one may be. For V201
we will take all the information we have learned from our V133 endeavor, all the information
that Steve Harris (human factors person) can provide, and all the information that's coming
from the weekly human interface meetings to help us begin developing the human interface
software for V201.
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The situation assessment module will behave as a data retrieval agent who's job is to go out
and gather as much information as possible about a specific situation. Let's say we are flying
around and some sort of anomaly is detected. This module’s task is to go out and collect all
the information that may be required to aid the operators in determining what caused the
anomaly. The information it retrieves may be parameters, schematics, procedures, or any
other information it believes is relevant.

The documentation archive will be a document warehouse where electronically formatted
documents can be stored. Some examples of the types of documents that may be stored are:
schematics, flight rules, flight procedures, cue cards, etc. We will have a special interface into
this archive that will allow easy hyper-linked access to the documents stored. This interface
will work like the help wizards found in many of today’s applications.

The next three modules are closely inter-related and may actually be combined into one
element as we finalized the architecture. The remote command module will allow the operator
to send individual commands to the flight computer, much like the X-38 Portable Diagnostics
Terminal does today. It will perform some minor checks to assure that command was received
and understood by the flight computer. Automated sequencing will allow a pre-determined set
of commands to be sent to the flight computer. This module can be placed in one of two
modes: automatic or manual. In automatic mode the commands would be automatically sent
to the flight computer one after the other. In manual mode, the user would tei| the system it

fire each of the commands individually. The Procedure tracking module monitors the
sequencing activities occurring and makes sure that the procedures being executed are
causing the right actions to take place.

An evaluation into the different 3D terrain modeling tools, flight planning software ,and virtual
reality modeling tools is being performed. The basic AHIC architecture for the V133 and V201

i al interface between the flight computer and
the AHIC is currently being written. Everything is proceeding on schedule and no major
problems are expected.
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Figure 1.0: Automation and Human Interface Computer Architecture for vehicles 133 and
201. The shaded modules (boxes) will be the modules developed for vehicle 133.
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X-38 Vehicle

The Application of a Polynomial Network in Failure Detection, Isolation, and Recovery
(FDIR) of the Flush Air Data System (FADS) for the X-38 Spacecraft
James Carvajal and Frank Delgado

The following figure represents the process used by the X-38 Flush Air Data System (FADS)
software to determine when a pressure measurement is not reasonable based upon previously
calculated aerodynamic parameters. For this figure, a is the angle of attack, f3 is the angle of

sideslip, M is the mach number, 7 is the dynamic pressure, and P_ is the ambient pressure.

Read Read
Previous . Current
Aero Fressure
Parameters Measurements
a. B .M., P P
y
‘ Count the number of
Cp. = J(a.B.M) éch‘_*,-,qp‘ > T,zP,'-fj times the T,
values outside
threshold

value exceeds
threshold

no action is taken

Replace the measured P, value with P

value exceeds
threshold

| Unless the FADS FDIR is Off, set FADSFAIL flag

Figure 1. The Failure Detection, Isolation, and Recovery Scheme

The most significant consequence of this approach is how to develop the appropriate mapping
functions, labeled f,'s, which can sufficiently approximate the actual system dynamics so that
failing sensors are properly rejected, while simultaneously ensuring that the noise encountered
in the flight does not cause good sensor measurements to be considered failed. For the

current X-38 prototype, there are nine high pressure ports (rated at plus or minus five psi}, and
the operating range for & is between minus 20 to 50 degrees, f§ between plus and minus five

degrees, and mach between 0.1 and 0.95. Figure 2 provides an example of the data mapping
that must be captured for a single port, in this case the second one, at a selected angle of
sideslip of 5 degrees. Given the considerable volume of data required to be mapped and the
strict real-time performance constraints available in the X-38's flight computer, nine separate
Polynomial Networks were developed to model! the total system. The final plot, Figure 3,
provides a graph of the differences between the measured pressure value and the output of

B-20

04232




the trained Polynomial Network for the second pressure port as measured in the first captive
carry flight.
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X-38 Vehicle

Flight Results from the X-38 Flush Air Data System Software
James Carvajal and Frank Delgado

On July 24, Vehicle 131 was attached to the B-52 pylon and the first taxi test was
accomplished. Figure 1 presents a picture of how Vehicle 131 was attached to the carrier

Three other captive carry test were also successfully completed in 1997. This allowed for
additional data to be gathered in other flight regimes for the evaluation of the performance of
the FADS system. Extra tight objectives included the validation of avionics Systems in flight
environments, clearance of the flight envelope, and end-to-eng communications,
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Portable Diagnostic Terminal Software for the X-38
Frank Delgado

The X-38 program was started in early 1995 to explore the feasibility of building a space station
Crew Return Vehicle (CRV). The X-38 program is developing a series of test vehicles to
demonstrate the low-cost technologies and methods required to develop a fully functional CRV
that can rapidly return astronauts from onboard the International Space Station (ISS) to earth.
The X-38 program will use a gradual buildup approach, building a series of atmospheric and
ground-based tests vehicles. There will be three atmospheric test vehicles and one space rated
vehicle developed and tested during the X-38 program. The vehicles are known as vehicle 131
(V131), vehicle 132 (V132), vehicle 133 (V133), and vehicle 201 (V201). V201 is space-rated and
will fly on the shuttle as a payload bay experiment in November 2000.

The Portable Diagnostic Terminal (PDT) is an IBM ThinkPad that can be carried about and
connected directly into the X-38 prototypes’ patch panel. The PDT uses the Transmission Control
Protocol/Internet Protocol (TCP/IP) to talk to the onboard flight computer. It's our one way of
communicating with the onboard flight computer and determining what's going on before releasing
the vehicle. On the ground before the vehicle is launched, the PDT provides the capability to
checkout the health and status of the vehicle subsystems and perform software loads. During
captive carry tests, see figure 1.0, the PDT is used to conduct subsystem health monitoring, and
prepare the vehicle for free flight mode. When the X-38 lands, the PDT is used to download data
from the flight recorder, perform vehicle checkout, and begin post flight shutdown procedures.
During non-flight tests, the PDT is used to perform initialization loads for the flight computer, flight
performance data monitoring, system activation, and vehicle test and checkout. The PDT is also
used for software/hardware testing on several of the X-38 testbeds, including: the avionics
testbed, the simulation testbed, and the guidance, nqvigation, and control testbed.

For V131, additional requirements, above and beyond those collected in 1997, were defined and
iincorporated into the V131 PDT load. This load was used to support 7 captive carry flights and
one free flight, see figure 2.0. The load was also used to support KC135 testing, and the X-38
mobile test simulator. In addition to the V131 PDT load, a new PDT version was developed to
support the buildup, testing, and delivery of V132.

The PDT software was written under the LabView 4.0.1 environment using an object-oriented
approach. Along with the individual subsystem displays, a summary screen was developed that
gives the user a summarized description of the health and faunch commit criteria status for all the
different subsystems. Subsystems monitoring-and commanding display support was provided for
the: Parafoil System, GNC System, Electrical Mechanical Actuator System (EMA), Pyrotechnic
System, Inertial Navigation System/Global Positioning System (INS/GPS), Communication and
Tracking System, Flight Safety, Power and Distribution System, Flush Air Data System, and the
Fire Suppression System. Along with these subsystems, additional displays have been built to
accommodate for unit testing of different hardware components, test boxes, and PDT to flight
computer remote commanding.

Plans for this coming year include the use of both V131 and V132 PDT loads to: support upcoming
captive carries and free flights for both vehicles, support testbed activities, and support the mobile
cockpit.
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Figure 1- . Photograph of X-38 V131
: . the wing of the B52 and |

during captive carry flight 1. The X38 vehicle is attached to
- data. To date seven capti

own around at different altitudes and velocities to collect
ve carry flights have been performed.

Figure 2-  Photograph of X-38 V131 durin
the B-52, after several seconds
used to land the vehicle.

g free flight 1. The vehicl
of “free flight,” a parafoil

e is released from the wing of
System is deployed and is
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Immersive Situation Awareness for the X-38 Program
Frank Delgado

The NASA Johnson Space Center is developing a series of prototype flight test vehicles leading to
a functional Crew Return Vehicle (CRV). The development of these prototype vehicles,
designated as the X-38 program, will demonstrate which technologies are needed to builg an
inexpensive, safe, and reliable Spacecraft that can rapidly return astronauts from onboard the
International Space Station (I1SS) to earth. These vehicles are being built using an incremental
approach and where appropriate, are taking advantage of advanced technologies that may help
improve safety, decrease development costs, reduce development time, and outperform traditional
technologies.

The X-38 vehicles are unique in that they do not afford crew members a forward view through a
wind screen. As a result, we have begun developing an application, based on Rapid Imaging
Systems latest technology, that creates a computer generated immersive environment to provide
.the necessary information concerning the vehicles position, attitude, and status of the vehicle. The
immersive environment consists of a set of 3-D displays that can be used for flight guidance and
situation awareness. These displays feature the incorporation of real-time INS/GPS data for

position and attitude, three dimensional terrain models, Heads-Up Display (HUD), ideal and actual

glide path, recommended landing areas, vehicle in the scene, as well as typical system monitoring
information. Maps, such as aeronautical charts, as well as satellite imagery are optionally
overlayed on the 3-D terrain model to provide additional situation awareness, see figure 1.0. The
HUD indicators created have been based upon both military aircraft HUD standards (MIL-STD-
1787B) and Space Shuttle HUD standards (STS83-0020V2-26B). o

During this year a sophisticated HUD was created and tested that included various two-
dimensional and three-dimensional display indicators: The developed application was evaluated
by X-38 engineers, human factors engineers, and astronauts. We have used the application
developed, in unison with a European Space Agency (ESA) provided X-38 parafoil simulator, to
allow engineers & crew members to simulate a person-in-the-loop X-38 parafoil landing. The
application has proven very useful helping define what information is required to manually fly the
X-38 during parafoil flight. We have also used the application for data analysis by playing back
captive carry and free flight data from previous flights, see figure 2.0, Additionally we have

incorporated the application into the X-38 mobile cockpit simulator.

Some of the questions that we will answer this coming year are: is the frame update rate sufficient
to support realistic situational awareness, do the displays present adequate information density
throughout the flight, and are the display modes useful in this environment. We will also integrate
this application in the monitoring and control stations that will be used to remotely pilot the X-38
vehicles during parafoil flight. Additionally, we will continue a process of feedback and
development, which will support crew members and X-38 engineers requirements for utility in HUD
overlays and modes of operation during all flight phases of the X-38 vehicles.
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a) In the out-the-window section we see a virtual “out b) This display'incorbbrétés the use of high-resolution
window view” with HUD symbology superimposed. In the satellite imagery. In the out-the-window section, we see a

GODS eye-view section, we can ses an aeronautical chart. virtual environment that includes the vehicle in the scene

along with typical HUD symbology. In the GODS eye-view
section we see an overhead view of the area we are flying.

Figure 1-  These are typical situation awareness displays. The displays are created in a window
that is divided into 2 sections: an out-the-window section and a birds eye-view section.
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the occasions when this assumption is violated, as for example on crossing a coast, the model’s constraint curve is the
wrong shape but the parameter fitting strategy maintains acceptably (but not optimally) enhanced outpul imagery.

model fitting technique using overflow and underflow population distributions is to be optimized. For simplicity, a zero-
mean, additive Gaussian noise model has been used in the demonstrator. A more detailed understanding of grdund-tru:Lh
statistics would also be of benefit since the underlying objective is to produce an image with these same statistics.

It has not been possible to make a full study and analysis of the noise processes in the video System: this is essential if the

Despite these practical difficulties. the technology demonstrator has shown some very impressive results. We view the
identification of its shortcomings as an important positive step towards specifying a prototype system, which we believe, is
now a practical proposition.

5. CONCLUSIONS

A parallel signal processing computer was built and programmed to demonstrate that a method, previously reported by
Oakley, of enhancing the contrast of hazy images from an airborne camera could be speeded up by between four and five
orders of magnitude and made 1o work in real-time. The demonstration computer was constructed from off-the-shelf
commercial modules, installed on the expansion bus of an ordinary PC, and programmed in C. A systemalic study

by a factor of between ten thousand and one hundred thousand times. None of these simplifications to the underlying

geometric and contrast-loss models perceptibly degrades the appearance of the enhanced imagery. which remains restricted

by physical phenomena such as noise from various sources. The demonstrator has performed impressively well on recorded

test data even in the presence of calibration and synchronization errors, and we are confident that even better results would

be obtained with live data. The feasibility of implementing a real-time contrast enhancement method based on an

atmospheric scattering model using readily available computer equipment has been amply demonstrated.
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The X-38 employs a “lifting body™ concept originally developed by the U.S. Air Force's X-24A project in the mid-1960s
The concept uses the aerodynamic shape of the vehicle itself 1o generate the lift that a normal aircraft gets from irs Wings‘
This gives the X-38 vehicle good reentry maneuverability capabiliies. More important, as a lifting body, the X-3% ha‘;
excellent cross-range characteristics. These cross-range characteristics assure multipie opportunities for 3 dry terrain Iandiné'
within the 9-hour lifetime of the vehicle consumables. The ability to return (o earth quickly is very important and is a majoli
advantage that the X-38 CRV has over the Russian Soyuz capsule, which is also under consideration for possible use s g

crewmembers at a time. These issues caused concerns because the ISS will house crewmembers that vary greatly in size (5%
percentile Asian female to 95" percentile U.S. male). Additionally, there are plans to have up to 7 crewmembers on the [SS
at any time. Because of these concerns, an investigation into the development of an alternate method of returning
crewmembers to earth was launched. This effort became known as the X-38 program. The X-38/CRV is being designed 10
accommodate the necessary range of crewmember sizes and have the capability of carrying 7 crewmembers at any time

VI3l and V132 have composite fiberglass bodies and have
undergone extensive testing during captive carry tests and free
flight tests. During a capiive carry test, a vehicle is attached to the
wing of a B-52 and flown at different velocities and altjtudes to
collect data (Figure 1). During a free flight test the vehicle is
carried to an altitude hetween 20k and 50k feet, under the wing of
the B-52, and released. The vehicle flies “free” for several seconds
before a large parafoil is deployed and used to return the vehicle
safely to the ground.

V131 has undergone 7 captive carry tests and 2 free flight tests.
V132 has undergone 1 captive carry and 1 free flight test. V133 is
an atmospheric test vehicle similar to V132 and is currently being
built. V201 is being built in-house at the Johnson Space Center -
and will be the first space-rated X-38 test vehicle. It will be taken
into space on the Space Shuttle in November of 2000. Once in :

space, it will be taken out of Shuttle payload bay by the Remote _ 70 s 110003 o1 merimmyens s Mo e
Manipulator System and released. The X-38 will then run through @ Tamaread sitached e s aoa s 10 e Sur R hech tne 138
its automated check out procedures and begin the de-orbit AR I hourk 4 1esCNG an Mt ude 38 27,00 1ear. (MASA Tony conas] B
sequence. The vehicle will then enter earth's atmosphere and at an

altitude of about 30k feet a large steerable parafoil, with active  Figure 1: V131 during captive carry test 1.
guidance from an on-board GPS receiver, will deploy and safely

return the vehicle to the ground.

macent of 1104

The current X-38 CRV mission requirements include returning up to 7 crewmembers from the [SS safely 1o earth, have the
ability to insure a dry terrain landing, and have enough cross-range o insure three landing opportunities in nine hours. This
would be done in the event that any of the following situations arise: an 1SS catastrophe, an emergency medical evacuation,
or the Shuttle is unavailable to re-supply the ISS. Because we must design 10 a worst case scenario, a medical emergency
where crewmembers are unable to pilot the vehicle back to earth, a fuily autonomous vehicle must be built.

The basic assumption that a pilot is not necessary to return the CRV (o earth meant that a forward-looking window was not
required on the CRV. Although full autonomy is necessary for the medical evacuation scenario, keeping crewmembers in-
the-loop to take care of unforeseen situations whenever possible is also a must. Synthetic environment technology is ideal for
augmenting a crewmembers situational awareness and helping them to reselect a landing site or to fly the vehicle during the
parafoil phase, when necessary. Additional sofiware is being developed that allows crewmembers the ability to power
subsystems on/off and more fully interact with several X-18 systems. We have been using our synthetic environment system
to monitor flights, and to analyze/playback data during our V131 and V132 testing. In this role it acts as a tele-presence tool.
To this end the LandForm Real-time 3-D Terrain Modeler, a commercial off the shelf (COTS) sofiware package is being
used. This product was sclected because it met the above TEYITCICDIS. IS very easy 1o use. and otfers substanual cost and
tine savings.
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The X-38 uses a large parafoil for the final landing phase. This parafoil is the subject of a significam engineering effort ang
considerable ¢ffort has been spent testing the parafoil system. Testing is done using large instrumenied pallets attached (o the
parafoil. The pallets are released from the back of a C-130 aircraft and data on the aerodynamics, deployment sequence, and
overall performance are recorded and closely analyzed. Early tesung has yiclded an ample amount of data which has beep
used to successfully build a parafoil system that has safely returned the V131 vehicle back to the ground during both fres
flights. Additional testing is being conducted 1o fine-tune the parafoil performance with the use of a remotely piloted vehicle,
known as the buckeye. A pilot on the ground will fly the buckeye using visual feedback from One or more onboard video
cameras. It is desirable to augment the pilot's view of the world with ouyr system acting as a three-dimensional heads up
display (HUD). In this way, information about landing zones and obstacles obscured from the camera could still be visible in
our displays. Such tele-operation tools can considerably reduce the risks  of remotely Operating  aircraft.

Initial tests with the product were very successful, and as astronauts came
in contact with the system being developed, it became apparent that i
would also serve well as a Space-crew-training tool, and could
considerably improve pilot situational awareness as a ground-based or
onboard avionics display. However, for it 1o be used in these particular
situations, it will need to be embedded into other applications, and not
operate as a stand-alone program. Therefore, it would need to be
accessible as a toolkit, which NASA engineers could use to augment any
avionics software systems.

2. Requirements

display of the environment, incorporating diverse terrain, navigation, and
aircraft data.  This display should be a natural perspective from a
viewpoint controlled 1o six degrees of freedom (6 DOF). In most cases
degrees of freedom applied to the viewpoint include latitude, longitude,
altitude, pitch, heading and roll, versus time. Typically such data s
obtained from an Embedded GPS Inertial Navigation Systemns on board
the dircraft and either used on-board, transmitted and viewed live, or
recorded and replayed as a flight track at a later lime. The camera

. DOrytese Flght Rermerarca € LOYe- sy ¢ Photogra,
modeled by the software must be 2 perspective camera that can be placed @ A 5!-:;-3;:-‘1113.;-5:??(?5.“'”
. ¢ R ydunt LY

found. This 3-D synthetic vision of the world must also incorporate

diverse elements including: Figure 2: Parafoil deployed prior to
* land surface shape {(topography), landing.

®  textures or draped imagery including digital maps,

¢ satellite and aerial imagery,

®  geo-stationary objects like landing zones and obstacles,

® man-made or other transient objects, including aircraft, (we use the name entities for such objects)

*  heads-up displays which project important information about the situation,

Incorporating dynamic object entities into the scene is important for the X-38 5o that the program could show the vehicle, the
flight path (actual and ideal), as well as showing the parafoil and drogue shoot. The parafoi model is not only moving in
real-time, but is changing shape as different control forces are applied. The ability to observe these effects in real-time is a
requirement for flight testing, 5o entities must not only be controlled by 6 DOF, but it must be possible 1o incorporate a
dynamically changing body shape model.

Simplicity of operation is a vitally important requirement for operation of a crew return vehicle, Mogt existing terrain
software requires that EXpert users edit the terrain model for a given region of the world, and thus create the topography. The
update rate of the 6 DOF viewpoint is up to 60 times per second, as is the update rate for entities moving in the virtyal
environment mode!l for the virtual environment. Such a constraint is unacceptable for this application. As the X-38 might be
compelled 1o begin its landing sequence from anywhere, it is not practical 1o have astronauts editing terrain models for a
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virtual planet. Fortunately, LandForm accepts most common forms of terrain models, such as DTED, DEM, DTM and will
automatically generate a land surface model for a given region of interest. The region of interest can be automatically moved
by the program, based on the view position. Landform can automatically load files needed to make the terrain models. As a
result, operation of the software can be automated to a very large extent, while providing greatly enhanced situation
awareness. Figure 3 and Figure 4 are typical situation awareness displays for the X-38.

3@ 3b) 3(c)
Figure 3: These are typical out-the-window displays that have been prototyped for use on the X-38 program. In
Figure 3(a) we have an out-the-window display that uses terrain elevation mdels and HUD symbology. In Figure
3(b) we have an out-the-window display created using high-resolution imagery data, a vehicle model, and HUD
symbology. In Figure 3(c) we have an out-the-window display created qsing terrain elevation models, vehicle and
parafoil models, and HUD symbology. :

We are developing a “mobile cockpit™ for use as a rapid development testbed for the synthetic environment system we are
developing. The “mobile cockpit” is a 15§
Passenger van that has been outfitted with tinted
windows to decrease light, a Global Positioning
System, display computers, adjustable crew
displays, hand controllers, a remote-controlled
€amera, an avionics rack for flight computers, and
wireless headsets that allow the driver of the van
10 communicate with the individual handling the
avionics systems and with crew members who lay
supine in the back of the van. The result is a
generic platform that may be used as a remote
cockpit, as a rapid prototyping test bed, as a
motion based simulator and as 2 vehicle for real-
time flight following. Figure 5 shows the mobile
cockpit avionics rack and its associated hardware
components.  Figure 6 shows the prototype
mobile cockpit seats and display computers. The
software being developed will be target to run on
Figure 4: These are typical birds-eye-view any Windows computer platform. The sof[wa;e
displays. 4(a) is birds-eye-view display created Shot.;ldblmatl;e u;c c;(f1 3-D accc?lerfitor hardware if
using an aeronautical chart. 4(b) is birds-eye- available. but should not require it

view displays created using a high-resolution

satellite image.
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Figure 5: Computers and GPS equipment used Figure 6: Mobile cockpit seats with display
in the mobile cockpit. consoles,

3. Architecture

Our idea in approaching this work was that it should be possible to create a package or library that would encapsulate the
easy-to-use LandForm Real-Time 3-D Terrain technology in programmer-accessible modules. If successful in our object-
oriented design for this system, the package would expose only those methods or elements of importance to the user, and
would hide those things which they did not need to worry about. This idea of abstraction is fundamental 1o Mmaintaining
interface simplicity.

The functional architecture, figure 7, was designed 10 achieve an optimal balance between power and simplicity. To this end
the most obvious component encapsulates the LandForm 3-D Terrain display, herein called the LandView3D. This
component uses the land surface model produced by the LandForm Server, and the viewpoint to render the 3D perspective,
Camera model elements, such as field of view, are intrinsic to the LandView3D component. The LandForm Server is
responsible to manage the terrain and overlay image data, flight track data, and time/event management provides this
information to the views. A third component, the MapView provides a 2D parallel to the LandView3D. The MapView can
be used for navigation, and to display the vehicle position in a traditional two-dimensional, North-up display, of predefined
scale.

iewPoint Serve
Provide live 6 degree of
freedom data in real -
time

LandView3D

Renders real-time
3D views

. MapView

Live 2D moving map.

LandForm Server
manages terrain databases,
builds land surface model

Figure 7: Basic architecture
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While the viewpoint server provides data for the camera and vehicle position, it can also be used to provide data on other
objects (like aircraft) in the scene.

One of the key considerations for this system was the selection of a graphical APl (Application Programming Interface)
which would provide near-real-time 3-D rendering of the scene (including simulated land surface and vehicles). The
OpenGL API was selected for this purpose, over alternatives like DirectX, for several reasons. First, having tested other
APIs, OpenGL has the most reliable performance on a variety of graphics adapters and platforms. Second, it provided ample
rendering speed, provided reasonable care was taken in programming the OCX controls and application. And third, it is
distributed as a standard part of the Windows operating system and thus should be well supported over a period of ycayrs by
the operating system vendor.

4. Implementation

The first step was to determinc whether the ActiveX API would allow us to create an OpenGL display within a conirol and
whether such an implementation would be as fast, in terms of rendering speed, as LandForm. If so. then ActiveX woul‘d
appear (o be the logical choice for implementation. To test this idea, we created an ActiveX control that contains the
LandForm 3D scene renderer, and the LandForm Server component described above. (This is the LandView3D control we
discussed earlier).

We tested the rendering speed and found it was comparable to the stand-alone LandForm program. By achieving 20 frames
per second on a modestly equipped machine, the LandView3D control provides more than adequate rendering performance.
This key data point cleared the way for full implementation using the ActiveX paradigm. ActiveX is a form of the
Component Object Module (COM) architecture, which offers excellent interoperability of libraries between programming
languages and operating environments.

In parallel with the LandView3D control, we began the development of a 2-D map display that would function similarly to
the right-hand map view in LandForm. This was relatively straightforward, and was also implemented using the Active X
paradigm. One part of the development that was not trivial was the creation of a transparent control to be overlaid on the
map so that other data could be displayed, such as a compass, or windsock. This required some research and experimentation
before a truly successful method was developed.

The LandForm Server, which contains the core of
LandForm’s capability had to be implemented in a
programmably accessible form. While it would be
simplest (o create an object as a dynamic link library, we
felt interoperability was better served by creating a
COM version of this object. The logical choice here was
as an ActiveX. Finally, a sample application was
created which combined these basic capabilities. To this
end we used Microsoft Visual C++ to develop a dialog
based Windows application containing the new sample
tools and to serve as a template for developers to model
their own applications upon. Figure 8 shows a sample
application.

5. Application: A 3-D Heads Up Display

One powerful application of LandForm is 10 combine

simulated LandForm 3-D scenery with live video, to
creatc an enhanced situational awareness display. For
pilots of both full scale and remotely piloted aircraft, such
a display will provide a view of the surroundings which
includes live video, and enhanced with outlines of terrain,

Figure 8: Sample application with LandForm 3D view
control.
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other aircrafl, landing zones, targets or other objects of importance. Furthermore because the terrain portion of the display is
gencrated from digital data, it is not subject to the limitations of visibility inherent 10 video. While darkness, terrain
occlusion, smoke, fog, and haze all impact the video. the overlays will be unobstructed. Figure 9 txpresses the fundamental
concept. A computer running the LandForm ActiveX control utilizing the current vehicle position models the real video
camera field of view and orientation,

LandForm
computer
graphics
output

Video - LandFOfm

Camera Video Mixer 3-D scene

Signal (Chromakey) overlaid
on video.

Figure 9: Enhanced situational awareness is achieved with the combination of LandForm
3-D scenery and live video.

The real camera is mounted at a known orientation on the vehicle, thus the video from the camera and the LandForm
simulated scene constitute parallel views of the world - one based upon photons at the sensor, the other based upon the
LandForm database. LandForm is then configured to render wire-frame rather than solid surfaces, which may then be
overlaid upon the real-time video. So if a mountain appears in the LandForm terrain database, in front of the camera il
should be rendered in the same place and oriemation in the real video. Indeed it should overlay as precisely upon the live
mountain scene as the data permit. Likewise if a landing zone is indicated in the scene it should appear at just the same
location as in the video. '

respectively. Figure 10 is a video digital image of the M. Jacinto area in California. Figure 11 shows the same area rendered
by LandForm based on the field of view of the camera and camera viewpoint.

Figure 10: Digital image of Mt. Jacinto, Ca,
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Figure 11: LandForm simulation of the terrain from the camera and viewpoint for the photo above,

6. Results

We believe we have demonstrated the utility of a general purpose 3D terrain-enabled software display toolkit for flight
guidance applications, both for operation and teleoperation of aircraft and spacecraft. It is clear that even PC computers may
have adequate performance 10 provide a smooth real-ime 3D display of the terrain and aircraft in flight. One of the most

Before a tool of this type can be used in operational spacecraft and aircraft, testing must be performed to validate the limits of
performance of the software. We think that this system offers a substantial step forward in flight guidance via a virtual
environment. We are also interested in the opinions of others, Free downloadable sample versions of the software can be
obtained from www.landform.com/AFVT.htm on the World Wide Web. The LandForm plug-ins developed for the X-18
program can be acquired by contacting fdelgado@ems.jsc.nasa.gov.
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