From: Robert Adams-OTm
Sent: Friday, October 03, b (b)

To: McNutt, Jan (HQ-MCO000)

Subject: , RE: Jan S. McNutt, Please see the attached letter; itis 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:jan.mcnutt@nasa.gov]
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,

Reas.v o S b(“)

Jan S. McNutt

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

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 e
Sent: Tuesday, September 30, 2008 1:04 PM

by
To: McNutt, Jan (HQ-MC000)

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

Sir,

02383



From: Robert Adams-OTG

Sent: Monday, August 25, 2008 3:4!

To: 'McNutt, Jan (HQ-MC000)'; ‘jan.mcnutt@nasaq.gov'
Subject: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.

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
Group

b(v)

Simply Smarter, Encryption & Aerospace Solutions since 1930! 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
that any dissemination, any and all distribution or copying of this e-mail is strictly prohibited without the prior consent of
Optima Technology Group (sender). If you have received this e-mail in error, please notify the sender and permanently
delete the e-mail and any attachments immediately. You should not retain, copy or use this e-mail or any attachment for
any purpose, nor disclose all or any part of the contents to any other person. Thank you.
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To: Mike Abernathy

Cc: McNutt, Jan (HQ-MC000), B
Subject: RE: Optima Technology Group - Margolin Paten
Hi Jan,

Richard Krukar, the guy that prepped the reexam request here.

Another issue we found is that Rapid Imaging Software (RIS) is not infringing either directly
or indirectly.

...richard

On Fri, October 3, 2008 2:48 pm, Mike Abernathy wrote:
Privileged and Confidential

Dear Jan,

We will of course be happy to help however possible. Our company
prepared a request for re-examination of these patents based on prior
art and would have used it had OTG not gone away.

>

>

>
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>

>

>

>

>

>

>

>

>

>

>

>

> These patents are defective because the invention is both obvious and
s> non-novel as evidenced by numerous printed published works. (We can
> provide these references if needed). Ironically, they claim patent on
> work already published by NASA over a decade earlier.
>

>

>

>

>

>

>

>

>

>

>

>

>

>

>

>

>

The attached NASA technical publication by Shahan Serrafian, Simulator
Evaluation of a Remotely Piloted Vehicle Lateral Landing Task Using a
visual Display, dates from 1984 and fully anticipates both Margolin
patents, and is referenced by neither one.

http://en.wikipedia.org/wiki/Highly Maneuverable Aircraft Technology

In other words, OTG is attempting force NASA to pay for a patent 0:30()9
infringement on something that NASA in fact invented and published
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more than a decade prior to the patent filing.

wWould Wednesday at 10AM MT be convenient for you?

Mike Abernathy

Rapid Imaging Software, Inc.

W "[b)

www. landform. com

From: MeNutt, Jan (40-1C000) NENSENEIPEINRE
Sent: Friday, October 083, 2008 1:37 M L
- —— t.

Subject: Optima lechnology Group - Margolin Patents

Dear Mr. Abernathy,

I am a new attorney working on Intellectual Property and Commercial
Law matters at NASA and have been assigned to handle a long
outstanding claim against the agency for patent infringement due to
NASA's collaboration with your company in the late 98s. Mr. Ed Fein
of the Johnson Space Center suggested I contact you to discuss the
infringement action brought against us by the Optima Technology Group'
regarding a patent they own by the inventor Jed Margolin. I would

like to set up a conference next week sometime for this purpose.

Please let me know if you are inclined to speak with NASA on this and
if so, when would be a good time for you.

Regards,

Jan S. McNutt

Senior Attorney (Commercial)
Office of the General Counsel
NASA Headquarters
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From: Benjamin W. AllisonH
Sent: Friday, October 03, 2008 5:46 PM % )

To: Mike Abernathy; McNutt, Jan (HQ-MCQ000)

Cc: krukar@olpatentlaw.com

Subject: RE: Optima Technology Group - Margolin Patents
Jan,

We're assisting RIS in the Optima matter as well, and I would like to participate in the call Wednesday. Let me know call-in
information when you can.

Regards,
Ben
Benjamin Allison

Sutin Thayer & Browne PC
. B t2

)

From: Mike Abernath e
Sent: Friday, October 03, 2008 2:
To: 'McNutt, Jan (HQ-MC000)'
Cc: Benjamin W. Allison; N
Subject: RE: Optima Technology Group

b

arolin Patents

Privileged and Confidential
Dear Jan,

We will of course be happy to help however possible. Our company prepared a request for re-examination of these
patents based on prior art and would have used it had OTG not gone away.

These patents are defective because the invention is both obvious and non-novel as evidenced by numerous printed
published works. (We can provide these references if needed). Ironically, they claim patent on work already published
by NASA over a decade earlier.

The attached NASA technical publication by Shahan Serrafian, Simulator Evaluation of a Remotely Piloted Vehicle
Lateral Landing Task Using a Visual Display, dates from 1984 and fully anticipates both Margolin patents, and is

referenced by neither one.

http://en.wikipedia.org/wiki/Highly Maneuverable Aircraft Technology

In other words, OTG is attempting force NASA to pay for a patent infringement on something that NASA in fact invented
and published more than a decade prior to the patent filing.

Would Wednesday at 10AM MT be convenient for you? 03012



Mike Abernathy
Rapid Imaging Software, Inc.

bl »)

www.landform.com

From: McNutt, Jan (HQ-MC000)

Sent: Friday, October 03, 2008 1:37 PM

To: mikea@landform.com

Subject: Optima Technology Group - Margolin Patents

Dear Mr. Abernathy,

| am a new attorney working on Intellectual Property and Commercial Law matters at NASA and have been assigned to
handle a long outstanding claim against the agency for patent infringement due to NASA's collaboration with your
company in the late 90s. Mr. Ed Fein of the Johnson Space Center suggested | contact you to discuss the infringement
action brought against us by the Optima Technology Group regarding a patent they own by the inventor Jed Margolin. |
would like to set up a conference next week sometime for this purpose. Please let me know if you are inclined to speak
with NASA on this and if so, when would be a good time for you.

Regards,

Jan S. McNutt
Senior Attorney (Commercial)
Office of the General Counsel

03013



From: McNutt, Jan (HQ-MCO000)

Sent: Tuesday, October 07, 2008 9:27 AM

To: ‘Mike Abernathy'

Ce: S Rotella, Robert F. (HQ-MA00O); Fein
award K. -AL) '

Subject: RE: patent %)

Hello Mike, H@)
I've set up atelephone conference for 10:00 AM MT (12:00 PM EDT), Wednesday, October 15th. i j
i nk | have the time right. Please check this (Arizona??).

Mr. Bob Rotella from HQ and Mr. Ed Fein with JSC will be joining us.

Thanks and looking forward to talking to you.

Regards,
Jan

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 uniawful.

From: Mike Abernathy [F]

Sent: Saturday, October 04, 2008 7:08 PM

To: McNutt, Jan (HQ-MC000 L[
CM 6
Sub : patent :

Privileged and confidential
Hi Jan,

Richard is quite correct to point out that we did not infringe. Our software license in fact prohibits this use of our
software.

I have attached a claims chart regarding NASA research fully anticipating the patent, to help you become familiar with
the patent in question. Please keep this information confidential for now.

Mike Abernathy
Rapid Imaging Software, Inc.

03108



From: McNutt, Jan (HQ-MC
Sent: Friday, October 03, 2008 1:37 PM

Lo S—— =z
Subject: Optima 1echnology Group - Margolin Patents ,)
Dear Mr. Abernathy,

| am a new attorney working on Intellectual Property and Commercial Law matters at NASA and have been assigned to
handle a long outstanding claim against the agency for patent infringement due to NASA's collaboration with your
company in the late 90s. Mr. Ed Fein of the Johnson Space Center suggested | contact you to discuss the infringement
action brought against us by the Optima Technology Group regarding a patent they own by the inventor Jed Margolin. |
would like to set up a conference next week sometime for this purpose. Please let me know if you are inclined to speak
with NASA on this and if so, when would be a good time for you.

Regards,

Jan S. McNutt
Senior Attorney (Commercial)
Office of the General Counsel
NASA Headquarters

2 031083



From: o b

Sent: nesday, October 08, 2008 12:59 PM é)
To: McNutt, Jan (HQ-MCO000)

Cc: Rotella, Robert F. (HQ-MAOOQ); Fein, Edward K. (JSC-AL)
Subject: RE: patent

It was a pleasure to hear your viewpoints on the Margolin patent. I'm just shooting a side
email to mention how thankful I am for NASA's work over the last 58 years and for how much of
it is searchable online. I've actually used some NASA reports from the '60s (Apollo program)
in filing a reexamination request for another client.

all for now

Richard Krukar
Ortiz and Lopez, PLLC

03110



From: Benjamin W. Allison F %)
Sent: Wednesday, October 08, 2008 1:28 PM

To: McNutt, Jan (HQ-MCO000); Rotella, Robert F. (HQ-MAQ0O), Fein, Edward K. (JSC-AL)
Cc: Mike Abernath : Geraldine M. Romero
Subject: Optima

Attachments: ~OT8P0O00F.PDF

Jan, Bob, and Ed,

It was a pleasure talking this morning. Attachedis a copy of our response on behalf of RIS to Optima’s demand letter, as we
discussed. Mike will be contacting you shortly and providing our reexam materials. Let us know if we can help in any other way.

Regards,
Ben

Benjamin Allison
Sutin Thayer & Browne PC

1 03113%
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October 13, 2006

Robert Adams, CEO
Optima Technology Group
2222-1830 Michelson Dr.
Irvine, CA 92612

Margolin Patent Nos. 5,566,073 and
5,904,724

Dear Mr. Adams:

We represent Rapid Imaging Software, Inc. (RIS), which has referred to us your letter of
September 19, 2006. At the outset, we are unable to discern that Optima has an interest in
the patents it attempts to assert. Assuming that it does, however, and has merely neglected
to record its interests, RIS does not infringe the Margolin patents.

As you know, RIS creates computer software, and does not use or manufacture UAV
systems or ground control stations. RIS software is used in UAVs to provide situation
awareness for sensor operators. It is not used for piloting air vehicles. The sensor operator
does pqt pilot the aircraft, and instead sits at a separate workstation operating a payload
containing one or more cameras, which may be controlled using a joystick to point the
camera package during search or tracking operations. ' '

As you know, RIS refuses to allow its products to be used as a pilot aid, and RIS product
licenses specifically prohibit use for piloting. None of RIS’s customers use its software for
piloting, for very good reason. Serious military regulations control placement of
anything—synthetic vision included—on a pilot workstation. Before anything can be
placed on the display in front of a pilot, it has to have met stringent criteria (MIL-STD
1787C, DO-178B, etc.), it must have been thoroughly ground tested, and it must have been
fully flight tested. RIS software has never been through this process, and thus is prohibited
from use for piloting. Accordingly, UAV manufacturers have purchased RIS products for
use on the sensor operator console, but none for the pilot console. This is a matter of
Army doctrine and applies to Shadow, Warrior and Hunter.

03112
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Robert Adams, CEO
October 13, 2006
Page 2

Nor does RIS have its software in a form that would make it marketable for piloting. RIS
software products are all based on the Microsoft Windows operating system. This offers
many advantages, but is inappropriate to piloting aircraft because it is a not a POSIX
compliant real-time operating system. POSIX compliance is required by flight safety
regulations. To create such a version would entail a one- to two-year conversion program
in which RIS has not invested.

It is important to realize that the market for RIS products is quite different from the relaxed
civilian world. If a military pilot chose to use synthetic vision in spite of military
regulations or in defiance of a software license agreement, his career would be damaged or
destroyed. Military pilots cherish their wings and would not consider risking them on
something like synthetic version.

Finally, it appears from your correspondence that you regard research activities like
NASA’s X-38 prototypes (before the program was cancelled in 2002) as infringing the
Margolin patents. This was not the case because of the claim limitations of the Margolin
patents. However all RIS work for government agencies, including NASA, was authorized
‘and consented to by the U.S. Government, and is protected under 28 U.S.C. § 1498(a). As
you are aware, any remedies you may have are against the government and are
circumscribed by that statute and related law.

Although we need .not discuss the invalidity of the Margolin patents given the above
circumstances, you should be aware that both patents were anticipated by profound prior
art dating back to 1977. If it should ever become necessary, we are confident that both

would be held invalid.
Very truly yours,
Santa Fe Office
BA:gmr
Enclosures
841473

cc: Mike Abernathy

03113



From: McNutt, Jan (HQ-MC000) 4/

Sent: Wednesday, October 08, 2008 2:30 PM ﬁ

To: 'Mike Abernathy'

Ce- m}?mena, Robert F. (HQ-MA000); Fein,
war . =

Subject: RE: patent

Hi Mike,

I'm sorry we were cut off earlier when you called. | must have pushed the wrong button when | put on my headset.

Thank you also for taking the time and effort and to allow us to benefit from your years of dealing with this technology. A
quick look confirms that | have received all the attachments that you sent, so we will spend a little time looking them over.
It's nice to know NASA technology has been of such benefit for all of you. NASA tries hard to make technology available
to the world without restrictions unless absolutely necessary. In fact, my main job is to assist the efforts of technology
transfer, rather than have it locked up in our agency. See: http://www.ipp.nasa.qov/ .

| will let you know the development of this in as much as | can. Hopefully, we will find a solution that everyone can share
in.

Regards,
Jan

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.

Sent: Wednesday, October Ug,
To: McNutt, Jan (HQ-MC000)

Rotella, Robert F. (HQ-MA0DOQ); Fein, Edward K. (JSC-AL)

Privileged and confidential %)
Dear Jan,

After speaking with' Richard and Ben RIS, Inc. has decided to honor your request to provide NASA with our research
regarding the subject patent.

We sincerely appreciate your interest in protecting NASA’s important published work in synthetic vision research for the
benefit of the American people.

| will begin forwarding the subject research papers and Richard’s claims charts in several emails.

Mike Abernathy
Rapid Imaging Software, Inc.
03592
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From: McNutt, Jan (HQ-MCOOO— - e

Sent: Tuesday, October 07, 2008 7:27 AM
To: Mike Abernathy
Cc:
Subject: RE: patent

www.landform.com

otella, Robert F. (HQ-MA000); Fein, Edward K. (JSC-AL)

Hello Mike,

I've set up a telephone conference for 10:00 AM MT (12:00 PM EDT), Wednesday, October 15th. ;
N s | think | have the time right. Please cheM

Mr. Bob Rotella from HQ and Mr. Ed Fein with JSC will be joining us. I :

Thanks and looking forward to talking to you.

Regards,
Jan

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. o

From: Mike Abernath)_
Sent: Saturday, October 04, 2008 7:08 PM

Privileged and confidential

HiJan,

Richard is quite correct to point out that we did not infringe. Our software license in fact prohibits this use of our
software.

I'have attached a claims chart regarding NASA research fully anticipating the patent, to help you become familiar with
the patent in question. Please keep this information confidential for now.

Mike Abernathy
Rapid Imaging Software, Inc.

www.landform.com

03593



From: McNutt, Jan (HQ-MCOOO)H
Sent: Friday, October 03, 2008 1:

To: mikea@landform.com

Subject: Optima Technology Group - Margolin Patents

Dear Mr. Abernathy,

| am a new attorney working on Intellectual Property and Commercial Law matters at NASA and have been assigned to
handle a long outstanding claim against the agency for patent infringement due to NASA's collaboration with your
company in the late 90s. Mr. Ed Fein of the Johnson Space Center suggested | contact you to discuss the infringement
action brought against us by the Optima Technology Group regarding a patent they own by the inventor Jed Margolin.
would like to set up a conference next week sometime for this purpose. Please let me know if you are inclined to speak
with NASA on this and if so, when would be a good time for you.

Regards,

Jan S. McNutt

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

03594



From: Mike Abernath m)
Sent: Wednesday, October U8,

| ;

To: McNutt, Jan (HQ-MC000

Cc: I otella, Robert F. (HQ-MA000); Fein,
ard K.

Subject: draft article

Attachments: REVISEDAUVSIcolumn v5 clean.doc

Hi All,

The attached article is one written by myself and Dr. Mark Draper and Gloria Calhoun of the Air Force Research Lab
about the history of synthetic vision naturally with particular focus on the USAF and with an eye toward UAVs. This is a
draft technical journal article which has not yet been published, but which will be submitted for publication in the near
future as soon as it is approved through AFRL channels.

I'am sending it to you because it tells the story of how NASA and USAF developed this powerful technology called
synthetic vision. The article is entitled “Synthetic Vision Technology for Unmanned Aerial Vehicles: Historical Examples
and Current Emphasis”. | hope you find it interesting and useful.

biv)
From: McNutt, Jan (HQ-MCOOO)m '

Sent: Wednesday, October 08, 2 : ' b{ @)
To: Mike Abernath
Cc: .
Subject: RE: patent

Mike Abernathy
Rapid Imaging Software, Inc.

www.landfor

Jotella, Robert F. (HQ-MA00QO); Fein, Edward K. (JSC-AL)

Hi Mike,
I'm sorry we were cut off earlier when you called. | must have pushed the wrong button when | put on my headset.

Thank you also for taking the time and effort and to allow us to benefit from your years of dealing with this technology. A
quick look confirms that | have received all the attachments that you sent, so we will spend a little time looking them over.
I's nice to know NASA technology has been of such benefit for all of you. NASA tries hard to make technology available
to the world without restrictions unless absolutely necessary. In fact, my main job is to assist the efforts of technology
transfer, rather than have it locked up in our agency. See: http://www.ipp.nasa.qov/ .

I will let you know the development of this in as much as | can. Hopefully, we will find a solution that everyone can share
in.

Regards,
Jan

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

' 03673



reproduction of this information by unintended recipients or in a manner inconsistent with its provision is not authorized and
may be unlawful.

From: Mike Abernathq L/
Sent: Wednesday, October 08, 2008 1:29 P G
To: McNutt, Jan (HQ i

Cc: ‘

e e e Rotella, Robert F. (HQ-MA00O); Fein, Edward K. (3SC-AL)
Subject: RE: patent

Privileged and confidential
Dear Jan,

After speaking with Richard and Ben RIS, Inc. has decided to honor your request to provide NASA with our research
regarding the subject patent.

We sincerely appreciate your interest in protecting NASA’s important published work in synthetic vision research for the
benefit of the American people.

I will begin forwarding the subject research papers and Richard’s claims charts in several emails.

Mike Abernathy
Rapid imaging Software, Inc.

www.landform.com %)

From: McNutt, Jan (HQ-MCOOOM
Sent: Tuesday, October 07, 2008 7:27 AM

To: Mike Abernathy

I've set up a telephone confernce for 10:00 AM MT (12:00 PM EDT), Wednesday, October 15t N
- N ink | have the time right. Please check this )

Mr. Bob Rotella from HQ and Mr. Ed Fein with JSC will be joining us. é
Thanks and looking forward to talking to you. /é‘)

Regards,
Jan

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.
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To: McNutt, Jan (HQ-MC000)

From: Mike AbernathW]
Sent: Saturday, October 04, : Q

Privileged and confidential
Hi Jan,

Richard is quite correct to point out that we did not infringe. Our software license in fact prohibits this use of our
software.

I have attached a claims chart regarding NASA research fully anticipating the patent, to help you become familiar with
the patent in question. Please keep this information confidential for now.

Mike Abernathy
Rapid Imaging Software, Inc.

www.landform.com

From: McNutt, Jan (HQ-MC000)
Sent: Friday, October 03, 2008 1:37 PM b{b)

To: mikea@landform.com
Subject: Optima Technology Group - Margolin Patents

Dear Mr. Abernathy,

I am a new attorney working on Intellectual Property and Commercial Law matters at NASA and have been assigned to
handle a long outstanding claim against the agency for patent infringement due to NASA's collaboration with your
company in the late 90s. Mr. Ed Fein of the Johnson Space Center suggested | contact you to discuss the infringement
action brought against us by the Optima Technology Group regarding a patent they own by the inventor Jed Margolin. |
would like to set up a conference next week sometime for this purpose. Please let me know if you are inclined to speak
with NASA on this and if so, when would be a good time for you.

Regards,

Jan S. McNutt
Senior Attorney (Commercial)
Office of the General Counsel

NASA Headquarters
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Synthetic Vision Technology for
Unmanned Aerial Vehicles: Historical
Examples and Current Emphasis

Michael Abernathy?® Mark Draperb, Gloria Calhoun®
* Rapid Imaging Software, Inc.
® Air Force Research Laboratory, Wright-Patterson Air Force Base, OH

Background - Flight Simulation Real-Time 3D Computer Graphics

In the aviation context, synthetic vision can be described, in simplest terms, as the use of a
computer and a terrain database to generate a simulated 3D view of an environment in real time,
The application of synthetic vision to remotely piloted vehicles (RPVs) and unmanned aerial
vehicles (UAVs} goes back three decades and has recently evolved from a piloting aid for UAV
pilots to a potentially powerful too! for sensor operators [1]. It is anticipated that integration of this
technology can ameliorate many factors that currently compromise the utility of UAV video
imagery: narrow camera field-of-view, degraded datalinks, poor environmental conditions, limited
bandwidth, and highly cluttered visual scenes such as in urban areas. With this technology,
spatially-relevant information, constructed from databases (e.qg., terrain elevation, cultural
features, maps, photo imagery) as well as networked information sources, can be represented as
computer-generated imagery and symbology overlaid conformal, in real time, onto a dynamic
video image display. This computer-generated imagery and symbology appears to co-exist with
real objects in the visual scene, highlighting points of interest and helping the operator maintain
situation awareness of the environment. The purpose of this paper is to briefly summarize the
evolution of this technology towards RPV/UAV applications.

The story begins in the 1970’s when the use of computers to create 3D real-time out-the-window
synthetic environments was beginning to see wide acceptance for training pilots of manned
aircraft. Evans and Sutherland (E & S) had seen the commercial potential for flight simulation
and had introduced special purpose graphics computers, like their Picture System, which
transformed and projected 3D terrain data as simple 3D polygons to a pilot’s perspective view in
real-time (30 Hz) [2]. In 1975 an engineering student named Bruce Artwick wrote “Flight
Simulator” for the Apple Il computer [3]. He formed a company and in 1980 marketed the product
that ultimately became Microsoft Flight Simulator®.

In fact it was this phenomenon - the emergence of computer flight simulation in the 1970s — that
appears to have sparked a monumental amount of research. The Air Force began its Visually
Coupled Airborne Systems Simulator (VCASS) program, with a particular eye toward future
generation fighters [4]. NASA was developing synthetic vision for the Super Sonic Transport and
for its High Maneuverability Aircraft Testbed (HIMAT) RPV program. Educational institutions
studied the limitless new possibilities for virtual reality human-machine interfaces. By the mid-
1980s, synthetic vision for RPV simulation was even commercially available for radio control
aircraft hobbyists.

Actually, there is a large body of research from the 1970s to the present that addresses the

application of synthetic vision to manned and unmanned aircraft. In the interest of brevity, we will
focus on select systems that were important enablers towards UAV synthetic vision systems.
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Pictorial Format Avionics Displays

In 1977, NASA researchers published “Pathway-in-the-Sky Contact Analog Piloting Display” [5],
which included a complete design for a synthetic vision system. It featured a computer that
projected a 3D view of the terrain, given the 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.

Figure 1 1984 USAF pictorial format avionics synthetic vision display.

In 1979 the Air Force completed its “Airborne Electronic Terrain Map Applications Study
(AETMS)", 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 [6].

Also in 1979, the Air Force published research [7] identifying human factors problems that would
have to be overcome in RPV cockpit design. NASA would use this in the design of the HIMAT
RPV 3D visual system in 1984.

Pictorial format avionics (i.e., synthetic vision) formed a key ingredient of the Air Force Super
Cockpit concept. This program included a bold future vision in which “the pilot need not be
present in the actual vehicle which he is piloting since with the appropriate data links a "remote”
super cockpit would provide the visual and aural "telepresence” cues as if he were located in the
vehicle” according to Air Force researcher Tom Furness [8].
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Figure 2. USAF Super cockpit helmet, simulator, and sample visual format (photo
courtesy http://www.hitl.washington.edu)

HIiMAT: Remotely Piloted Aircraft with Synthetic Vision

In 1984, NASA published research that investigated synthetic vision for lateral control during RPV
landings [9]. These tests featured the USAF/NASA HIMAT (High Maneuverability Aircraft
Testbed), a remotely piloted research vehicle flown at Dryden Flight Research Center. These
aircraft (Figure 3) were dropped from a B-52 and remotely piloted from a ground station to a
landing on the lakebed. The vehicle had a nose camera which produced video that could be
shown in the remote cockpit, allowing the comparison of nose camera imagery versus synthetic
vision during pilot testing.

Vehicle position was computed using RADAR computations, along with a radio altimeter. Electro-
mechanical gyroscope systems were installed onboard the RPV aircraft and measured the 3D
attitude of the vehicle. The position and attitude were down-linked from the RPV to a remote
cockpit, and pilot control inputs were up-linked from the remote cockpit via the radio
communication system [10].

Figure 3. HIMAT Remotely Piloted Vehicle after flight at Dryden Flight Research Center.
(Photo courtesy NASA)

The remote cockpit (Figure 4) included a joystick and rudder controls connected to the computer

and control signals were up-linked to the RPV. The computer compensated for delays in the
control/communications loop [10].
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Figure 4. HIMAT RPV remote cockpit showing synthetic vision display (photo courtesy of
NASA)

The Edwards Air Force Base dry lake bed and runway were represented in three dimensions in
the terrain database as polygons (triangles and rectangles). An Evans and Sutherland (E&S)
Picture System computer transformed the terrain in the database into a projected 3D out-the-
window view at the pilot cockpit. Finally, the projected 3D out-the-window view was displayed on
an E&S Calligraphic video display system capable of 4000 lines of resolution (Figure 5).
According to the pilots participating in the study, the synthetic vision compared well to the nose

camera view. By the mid 1990s, NASA had migrated the RPV synthetic vision concept used on
HIMAT to PC computers for X-36 and on X-38 [11].

Figure 5. HIMAT synthetic vision display showing terrain and runway. Note the synthetic
vision representation of the HIMAT nose probe at center bottom.
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Synthetic Vision for Recreational Remotely Piloting Vehicles

One of the early uses of synthetic vision for RPVs was recreational simulation. In 1986 Ambrosia
Microcomputer Products introduced RC AeroChopper, a radio controlled aircraft simulator which
enabled pilots to learn to fly a remotely controlled aircraft, without risk to their aircraft.,. According
to the AeroChopper Owner's Manual [12], the product accepted aileron, elevator, rudder, and
throttle pilot inputs via joysticks to control the simulated aircraft. The product also contained data
files containing a 3D terrain database provided with AeroChopper representing the earth's
surface as well as buildings and obstructions.

The software was run on a computer (an Amiga for example) and was connected to the flight
controls and communicated the aircraft position and attitude in three-space to the user. The
computer used the terrain data to create a projected view of the aircraft and its environment in
three dimensions (Figure 6). Like most visual simulations of its time, the program used relatively
few polygons to represent the terrain and man-made objects, and so looks relatively crude by
today’s standards.

Figure 6. This 3D synthetic vision simulation display for radio controlled aircraft is from RC
AeroChopper.

Synthetic Vision for Sensor Operations

Although most of the historical focus with synthetic vision has been on aiding flight management,
recent efforts have focused on how synthetic vision can aid UAV sensor operator functions.
Ongoing research at the US Air Force Research Laboratory’s Human Effectiveness Directorate is
exploring how to improve UAV sensor operator utility of video imagery. The overall objective is to
determine the value of combining synthetic vision imagery/symbology with live camera video
presented on a UAV control station camera display. One research study [13] evaluated the utility
of computer-generated video overlays for four different task types: controlling the camera to
locate specific ground landmarks in the 360 degree area surrounding the loitering UAV,
designating multiple ground targets marked with synthetic symbology, tracing a synthetically
highlighted ground convoy route with the UAV camera boresight, and reading text from synthetic
overlaid symbology. UAV telemetry update rate was manipulated from 0.5 Hz to 24 Hz. The
results indicated the potential of synthetic symbology overlay for enhancing situation awareness,
reducing workload, and improving the designation of points of interest, at nearly all the update
rates evaluated and for all four task types. However, data across the task types indicated that
update rates larger than 2-4 Hz generally resulted in improved objective performance and
subjective impressions of utility.

A second research area focused on a picture-in-picture (PIP) concept where video imagery is
surrounded by a synthetic-generated terrain imagery border on the physical camera display,
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increasing the operator’s instantaneous field-of-view (Figure 7). Experimental data showed that
the PIP helps mitigate the “soda-straw effect”, reducing landmark search time and enhancing
operator situation awareness. In an evaluation [14] examining the impact of PIP display size and
symbology overlay registration error, results indicated that performance on a landmark search
task was particularly better with the more compressed video imagery (Figure 7c¢), reducing
average designation time by 60%. Also, the registration error between the virtual flags and their
respective physical correlates was less critical with the PIP capability enabled.

Figure 7 UAV Control Station Simulator. ( A: no picture-in-picture (P1P), B: video imagery
compressed to 50% original size, C video imagery compressed to 33% original size. )

Summary

More than three decades of research regarding synthetic vision for RPVs and UAVs began with
the emergence of computers and display systems capable of creating real-time 3D projected
moving displays. This research was conducted by the US Air Force, NASA, US Army, and
numerous commercial and educational entities. Several systems, including the NASA HIMAT in
1984, demonstrated the utility for synthetic vision in remotely piloting aircraft and simulated
aircraft. The recent availability of sophisticated UAV autopilots capable of autonomous flight
control has fundamentally changed the paradigm of UAV operation, potentially reducing the utility
of synthetic vision for supporting UAV 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 UAV operation.
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1

METHOD AND APPARATUS FOR
REMOTELY PILOTING AN AIRCRAFT

BACKGROUND OF THE INVENTION—CROSS
REFERENCES TO RELATED APPLICATIONS

“Pilot Aid Using a Synthetic Environment”, Ser. No.
08/274,394 filed Jul. 11, 1994. “Digital Map Generator and
Display System”, Ser. No. 08/543,590, filed Oct. 16, 1995.

1. Field of Invention

This invention relates to the field of remotely piloted
vehicles (RPVs) and unmanned aerial vehicles (UAVs).

2. Discussion of Prior Art

RPVs can be used for any number of purposes. For
example, there is a large organization that promotes the use
of remote controlled planes. Certain RPVs are controlled by
viewing the plane with the naked eye and using a hand held
controller to control its flight Other RPVs are controlled by
a remote pilot using simple joysticks while watching tb.e
video produced by a camera in the remote aircraft. This
camera is also used to produce the reconnaissance video.
There are tradeoffs involving the resolution of the video, the
rate at which the video is updated, and the bandwidth needed
to transmit it. The wider the bandwidth the more difficult it
is to secure the signal. The freedom to balance these
tradeoffs is limited because this video is also used to pilot the
aircraft and must therefore be updated frequently.

Certain UAVs are preprogrammed to follow a predeter-
mined course and lack the flexibility to deal with unexpected
situations. »

The 1983 patent 1o Kanaly (US. Par. No. 4,405,943)
shows a control and communications system for a remotely
piloted vehicle where an oculometer determines where the
remote operator is looking and signals the remote vehicle to
send the high resolution imagery corresponding to the area
around where the remote operator is looking. and low
resolution imagery corresponding to the remote operator’s
peripheral vision. The objective is to minimize the band-
width of the information transmitted to the remote operator.

SUMMARY

A method and apparatus is described that allows a remote
aircraft to be controlled by a remotely located pilot who is
presented with a synthesized three-dimensional projeclt?d
view representing the environment around the remote air-
craft According to one aspect of the invention, a system is
used that includes an aircraft and a remote pilot station.

The aircraft uses a communications link to send its
location, attitude, and other operating conditions to the
remote pilot station. The remote pilot station receives the
data and uses a database describing the terrain and manmade
structures in the remote aircraffs environment to produce a
3D view of the remote aircraft environment and present it to
the remote human pilot.

The remote pilot responds to the information and manipu-
lates the remote flight controls, whose positions and forces
are transmitted to the remote aircraft. Since the amount of
data is small, it can be readily secured through encryption
and spreadspectrum techniques.

Also, because the video reconnaissance cameras are no
longer needed to remotely pilot the aircrafl there is great
flexibility in their use. To minimize bandwidth and reduce
the possibility of being detected, the video data can be sent
at a slow update rate. The data can also be stored on the
remote aircraft for later transmission. Alternatively, low
resolution pictures can be sent in real-time, while the cor-
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responding high resolution pictures can be at a later time.
The reconnaissance video can even be transmitted through a
different communications link than the control data. There
may also be more than one Teconnaissance camera.

The delay in the control link must be minimized in order
that the remote aircraft can be properly flown. The system
can measure the link delay and make this information
available to the pilot. This delay link measurement can also
be used to modify the control software through which the
remote pilot flies the remote aircraft. This is to prevent
pilot-induced-oscillation.

The computers in the system allow for several modes of
operation. For example, the remote aircraft can be instructed
to fly to given coordinates without further input from the
remote pilot. It also makes it possible to provide computer
assistance to the remote pilot. In this mode, the remote flight
control controls absolute pilch and roll angles instead pitch
and roll rates which is the normal mode for aircraft In
addition, adverse yaw can be automatically corrected so that
the resulting control laws make the remote aircraft
extremely easy to fly. Because this comes at the expense of
being able to put the remote aircraft into unusual attitudes,
for complete control of the remote aircraft a standard control
mode is provided to give the remote pilot the same lype of
control that is used to fly a manned aircraft. Since the remote
aircraft is unmanned, the remote pilot can subject the remote
aircraft to high-G maneuvers that would not be safe for a
pilot present in the aircraft.

To facilitate training, a simulated remote aircraft is pro-
vided that allows an instructor to set up the training mission
and parameters. This is especially useful in giving remote
pilots experience flying with different control link delays. In
this simulated mode, the system can be further linked to a
battlefield simulator such as SIMNET.

In the first embodiment, the remote pilot is provided with
a standard video display. Additional display channels can be
provided 1o give the remote pilot a greater ficld of view.
There can even be a display channe! to give a rearward
facing view.

A second embodiment uses a head mounted display for
the remote pilot instead of a standard display. This permils
the remote station to be made more compact so that it can be
used in a wider variety of installations, An example would
be in a manned aircraft flying several hundred miles away.

BRICF DESCRIPTION OF THE DRAWINGS

The invention may best be understood by referring to the
[ollowing descriplion and accompanying drawings which
illustrate the invention. In the drawings:

FIG. Lis a general illustration showing a remote pilot at
a remole pilot station operating a remote aircraft according
1o one embodiment of the inveation.

FIG. 2 is a block diagram showing the communications
link between a remote pilot station and a remote aircraft
according 10 one embodiment of the invention.

FIG. 3 is a block diagram of a remote aircrafi according
10 one embodiment of the invention.

FIG. 4 is a block diagram of a remote pilot station
according to one embodiment of the invention.

FIG. 5 is a block diagram of a remote pilot station
according to another embodiment of the invention.

FIG. 6 is a block diagram of a remote aircraft simulator
used for training remote pilots according to one embodiment
of the invention.

FIG. 7 is an example of a three dimensional projected
image presented 10 a remolte pilot by a remote pilot station
according to one embodiment of the invention.
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3
DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth to provide a thorough understanding of the inven-
tion. However, il is understood that the invention may be
practiced without these specific details. In other instances,
well-known circuits, structures and techniques have not
been shown in detail in order not to obscure the invention,

A method and apparatus is described that allows a remote
aircraft to be controlled by a remotely located pilot who is
preseated with a synthesized three-dimensional projected
view represeating the environment around the remote air-
craft. Since the video from a reconnaissance camera located
on the remote aircraft is not used to pilot the remote aircraft,
the amount of data transmitted between the remote aircraft
and the remote pilot is small. This provides greater flexibil-
ity in how the remote aircraft is used and allows the
transmitted data lo be made more secure. The remote aircraft
may be of any type, for example a remote control plane or
helicopter as used by recreational enthusiasl.

FIG. 1 is a general illustration showing a remote pilot at
a remote pilot station operating a remote aircraft according
lo one embodiment of the invention. FIG. 1 shows Remote
Pilot 102 interacting with Remote Pilot Station 101 and
controlling Remote Aircraft 103. Remote Pilot Station 101
and Remote Aircraft 103 respectively include an Antenna
104 2nd an Antenna 105 for communicating Information
106.

In one embodiment, Information 106 includes status
_ information concerning the status of Remote Aircraft 103

and flight control information for controlling the flight of
Remote Aircraft 103. The status information is generated by
Remote Aircraft 103 and includes the three dimensional
position and the orientation (also termed attitude, and com-
prising heading, roll, pitch) of Remote Aircraft 103. The
status information may also include information concerning
the flight surfaces, the engine, an additional altitude reading,
etc. Remote Pilot Station 101 uses this status information to
retrieve data from a Digital Database 107 which contains a
three-dimensional description of terrain and manmade struc-
tures over which Remote Aircraft 103 is flying. Based on the
three dimensional data retrieved from Digital Database 107,
Remote Pilot Station 101 projects a synthesized three-
dimensional projected view of the terrain and manmade
Structures in the vicinity of Remote Aircraft 103, Based on
this view of the terrain and manmade structures, the Remote
Pilot Station 101, on its own and/or in response to input from
Remote Pilot 102, generates and transmits flight control
information to Remote Aircraft 103 which adjusts its flight
accordingly.

In one embodiment, the Remote Aircraft 103 is a remote
controlled plane or helicopter used for recreational purposes.
Since remote coatrolled planes and helicopters tend to be
small in size, the circuitry in such remote aircraft to generate
and receive Information 106 is minimized. In such systems,
the Remote Pilot Station 101 may be implemented by
including additional attachments to an existing portable
computer. This allows the user to easily transport the remote
aircraft and pilot station to an appropriate location for flight.

FIG. 2 is a block diagram showing a bi-directional com-
munications link between a remote pilot station and a remote
aircraft according 10 one embodiment of the inveation. FIG.
2 shows Communications Transceiver 201 coupled to
Antenna 104 of Remote Pilot Station 101, as well as
Commuuications Transceiver 204 coupled to Antenna 105
of Remote Aircraft 103. [g addition, FIG. 2 shows Informa-
tion 106 being communicated between Antenna 104 and

Antenna 105,

4

ing system (GPS) and calculates the aireraft’s position in
three dimensions. Tum-and-bank Indicator 302 and Gyro-
compass 303 provide the aircraft’s orientation which com-
prises heading, roll, and pitch. This data is sent 1o Computer
308 for transformation into the previously described status
information. Computer 308 transmits this status information
to Communications Transcejver 204 which produces a radio
signal and supplies it 1o Antenna 105,

The Aircraft Engine and Sensors 309 are coupled to
control the aircraft’s engine, while the Aircrafi Flight Sur-
faces and Sensors 310 are coupled to control the aircraft’s
flight surfaces. The flight control information is received
from the remote pilot station by Computer 308 through
Antenna 105 and Communications Transceiver 204. This
flight control information is processed by Computer 308 into
i for transmission to Aircraft Engine and
25 Seasors 309 and Aircraft Flight Surfaces and Sensors 310 lo

coatrol the aircraft’s engine and fRight surfaces, respectively.

The operation of the aircraft’s flight control surfaces will be

later described with reference to FIG. 4.

In order to protect against ECM, the communications link

10

data transmitted and Communications Transcejver 204 is
implemented to use spread spectrum techniques.
Computer 308 may optionally be coupled to Altimeter
304, Video Camera System 305, Infrared Video Camera
System 306, Radar 307, and/or Video

Thus, this additional altitude reading may also be transmit-
ted 10 Remote Pilot Station 101 as part of the status
information.

Video Camera System 305 is controlled by Computer 308
which determines where 1he camera Is pointing as well as
focusing and the zo0m factor. The video produced by the
Camera is not used by the remote pilot for flying the remote
aircraft, so there is more flexibility in using the video. As a
50 rcsul.t, any aumber of techniques can be used for receiving

the images captured by Video Camera System 305. As

€xamples:

1. High resolution, high update images may be sent back
in real-time through the Communications Link, when
the high bandwidih needed can be tolerated,

- High resolution, low update images may be sent back
in real-time through the Communications Link 1g
reduce the bandwidth.

3. The video may be recorded in Video Storage Unit 311

for later transmission.

45

55

[

60
4. The video may be transmitted through a separate
commuaications link.
5. There may be multiple video cameras.
Infrared Video Camera System 306 is similar to Video
65

Camera Sysiem 305 and has the same operating modes.
Radar 307 in Remote Aircraft 103 may be passive or
active. [t may scan a particular pattern or it may track a
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selected object. Radar 307 may consist of several Radar
units. The information from Radar 307 is processed by
Computer 308 so that only the desired information is trans-
mitted over the communication link to the Remote Pilot
Station 101 for display.

FIG. 4 is a block diagram of a remote pilot station
according 1o one embodiment of the invention. FIG. 4 shows
a Remote Pilot Station 400 including a Computer 405
coupled to Communications Transceiver 201, Digital Data-
base 107, Graphics System 406, User Flight Controls with
Force Feedback 408, and a Storage Device 409. The Storage
Device 409 represents one or more mechanisms for storing
data. For example, the Storage Device 409 may include read
only memory TROM), random access memory (RAM),
magnetic disk storage mediums, optical storage mediums,
flash memory devices, and/or other machine-readable medi-
ums. Of course, Digital Database 107 may be stored in one
or more machine-readable mediums and/or in Storage
Device 409.

As previously described, Antenna 104 receives the radio
signals transmitted by Remote Aircraft 103 representing the
status information of Remole Aircraft 103. These radio
signals arc transformed by Communications Transceiver
201 and sent to Computer 405. Communications Transceiver
201 is set to the same mode as Communications Transceiver
204, so that if, for example, spread spectrum techniques are
used, the signal will be transparently received. Computer
405 recovers the data (de-encrypting, if required) so that the
data communications from Computer 308 in the Remote
Aircraft to Computer 405 in the Remote Pilot Station is
transparent. Thus, the bi-directional communications link
comprises the combination of Communications Transceiver
201, Antenna 104, Antenna 105, and Communications

- Transceiver 204.

As previously described, the status information received

by Computer 405 includes the three dimensional position
~and the orientation of Remote Aircraft 103. The status
information may also include information concerning the
flight surfaces, flight sensors, the engine, an additional
altitude reading, etc. Computer 405 uses this ‘status infor-
mation to retrieve data from Digital Database 107 which
contains a three-dimensional description of terrain and man-
made structures over which Remote Aircraft 103 is flying.
The composition and creation of the Digital Database 107 is
further described later. Based on the three dimensional data
retricved from Digital Database 107, Computer 405 per-
forms the mathematical operations to transform and project
the three dimensional data to generate video data represent-
ing a synthesized three-dimensional projected view of the
terrain (and, if desired, manmade structures) in the vicinity
or environment of Remote Aircraft 103. This video data is
transmiticd to Graphics System 406, which displays the
syathesized three-dimensional projected view on Video Dis-
play 407.

Since the image is gencrated from the digital database,
virtually any image of the environment of the Remote
Aircraft 103 can be generated. As examples, the pilot may
select the eavironment 1o be: 1) a simulated image of what
would be seen out of the cockpit of a manned aircraft on a
similar flight path; 3) a simulated image of what would be
seen when looking in any direction (e.g., backwards, out a
side window, etc.); 3) a simulated image of what would be
seen 1f a camera were tailing the remotely piloted arrcraft;
ctc. In addition, the simulated image may be set to any
magnification. Thus, the phrase environment of Remote
Alrcraft 103 is intended to include any image generated with
reference to the remote aircraft’s position.
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The User Flight controls with Force Feedback 408 are
used by the remote pilot to Input flight path information. The
User Flight Controls may be of any number of different
types, some of which are further described later herein. The
status information received by Computer 405 also includes
information received from Aircraft Flight Surfaces and
Sensors 310. This information is used o actuate force
feedback circuitry in User Flight Controls With Farce Feed-
back 408. Remote Pilot 102 observes the synthesized three-
dimensional environment displayed on Video Display 407,
feels the forces on User Flight Controls With Force Feed-
back 408 and moves the controls accordingly. This flight
control information is sent through the communications link,
to Computer 308, and is used to coatrol the aircraft flight
surfaces in Aircraft Flight Surfaces and Senmsors 310,
Remote Pilot 102 also recejves data from Aircraft Engine
and Sensors 309 through the communications link and is
able to send data back to control the engine.

Flight Control
To illustrate the operation of the remote aircraft, a fixed-

wing airplane will be described as an example. However, the
basic principles apply to other types of aircraft as well. The
basic control surfaces of ag airplane consist of the ailerons,
the horizontal elevators, and the rudder. The ailerons are
moved differentially (one up, one down) 1o rotate the ajr-
plane around its roll axis; the horizontal elevators cause the
airplane 1o rotate around its pitch axis; and the rudder causes
the airplane to rotate around its yaw axis.

When the ailerons are used 1o modify the lift character-
istics of the wings, one wing creates more lift while the other
wing creates less lift. This also changes the drag characler-
istics of the wings and results in a yaw force that is opposite
lo the yaw force that results from (he (aj] section causing the
airplane to weather-cock into the relative wind. [t is this yaw
force caused by the airplane weather-cocking into the rela-
tive wind that causes a banked airplane to turn. The opposite
yaw force produced by using the ailerons is called adverse
yaw; the rudder control is used to counteract this force to
produce a coordinated turn.

The simplest type of flight control consists of a Joystick
and a set of rudder pedals, The controls are directly con-
oected to the flight control surfaces. With a joystick, moving
the stick left and right moves the ailerons, while moving the
stick forward and backward moves the horizontal elevators.
The rudder is controlied by two foot pedals, one for cach
foot, that are mounted on a common shaft and hinged i the
middle like a seesaw. Pressing one foot pedal forward causes
the other foot pedal to move backward and causes the rudder
to also move in one direction. Pressing the other foot pedal
causes it to move forward and the opposite pedal to move
backward and causes the rudder to move in the opposite
direction.

An alternative to the joystick is the control yoke which
consists of a wheel attached 10 a shaft that moves in and out
of the control bousing. Turning the wheel clockwise ar
counterclockwise moves the ailerons; moving the wheel
shaft in and out moves the horizontal elevators. The rudder
pedals as the same as those used with a joystick.

In order to aid in a description of remote aircraft
operation, it is thought worthwhile to first describe the
operation of non-remotely piloted vehicles. Non-remotely
piloted vehicles can be operated in one of two ways (also
termed as flight control modes); direct control or computer
control (also termed as computer mediated).

Direct Control Noo-Remotely Piloted Vehicles

When the flight controls are connected directly to the
control surfaces the result is a second order system. Using
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the joystick as an example, moving the joystick left or right
establishes a roll rate. The airplane continues to roll until the
joystick is returned to the center position, after which the
airplane remains in the bank angle thus established. The foot
pedals are used to counteract the adverse yaw as previously
described. Moving the joystick forward or backward estab-
lishes a pitch rate. The airplane continues to pitch until the
joystick is returned to the center position, after which the
airplane remains in the pitch angle thus established. Both the
roll rate and the pitch rate are subject to the limits of the
airplane’s design.

Since the joystick is directly connected to the control
surfaces, the aerodynamic forces on the control surfaces are
transmitted back to the pilot, giving him or her valuable
feedback on how the airplane is flying.

The successful operation of the second order system with
the pilot in the loop depends on several factors such as the
area and placement of the control surfaces, how much the
control surfaces move in response (o the movement of the
pilot controls, and how long the airplane takes to respond to
changes of the control surfaces. The total system character-
istics also depead on the reaction time of the pilot. If the
resulling system is poorly designed it may be unstable,
which means it may oot be possible for a human pilot to fly
it safely. An example of an unstable system is where the pilot
desires to perform a gentle roll to the right and so moves the
joystick to the right, the airplane’s roll rate is faster than the
pilot desires so he/she attempts to compensate by moving
the joystick to the left, the airplane rolls left at a rate that is
faster than the pilot desires so he/she moves the joystick to
the right, and so on, with the pilot constantly overcorrecting
and with the aircraft’s rolling motions constantly getting
larger and larger until the aircraft gets into a condition from
which it may not be possible 1o recover, (e.g., spinuing into
the ground). The type of loss of coatrol described is usually
referred to as “pilot induced oscillation’ and although it may
be caused by an inexperienced or inattentive pilot, it is more
often caused by poor airplane design. Therefore, new air-
plane designs are extensively tested to make sure they can be
safely flown. Examples of airplanes that use direct control of
the control surfaces (Direct Control Second Order Systems)
are the Cessna 150 and the Piper Cub.

Computer Mediated Non-Remotely Piloted Vehicles

Computer mediated control systems use a computer
between the pilot controls and the control surfaces. The pilot
controls are read by the computer, the data are modified in
a particular way, and the computer sends control signals to
the control surfaces. The computer may also sease the forces
on the coatrol surface and use it to control force feedback to
the pilot controls. This type of computer mediated control
may be used to fly an airplane that would otherwise be
unstable, such as the F16 or the F117. Aircraft such as the
F16 and F117 are also second order systems because the
position of the pilot’s joystick represents rate of rotation.

There are risks inherent in a computer mediated system.
Although the program can be simulated extensively before
using it in an actual airplane, the computer program may be
quite large and therefore difficult 1o simulate under all
possible conditions. An example of this is the Swedish JAS
39 Gripen Fighter. Despite extensive simulation of the flight
control system, during a test fight a Gripen crashed due to
*“. .. the flight control system’s high amplification of stick
commands combined with the pilot’s” large, rapid stick
movements™.” The pilot had entered a low-speed high-
banked turn at a 280 meter altitude with lit afterburners and
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was leaving the turn when his actions led 1o ‘pilot-induced
oscillation’. (Aviation Week & Space Technology, Aug. 23,
1993, pages 72-73).

Having described techniques for operating non-remotely
piloted vehicles, the Fight Control Modes for RPVs will be
described.

Second Order RPV Flight Coatrol Mode

A second order control system for an RPV is inherently
computer mediated because the remote pilot must interact
through two computers: the computer in the remote aircraft
and the computer in the remote pilot station.

Flying an RPV is further complicated because there are
additional time delays in the loop. The computer in the
remote aircraft must first determine the aircrafi’s position
and orientation. The additional processing for transmitting a
secure signal by encryption and/or spread spectrum tech-
niques may create additional delays. Transmission delay of
signals between the remote aircraft and remote pilot station
is negligible for a direct path. However, if the signals are
relayed through other facilities the delay time may be
appreciable, especially if an orbiting satellite is used. There
are additional delays in the remote pilot station as the remote
aircraft’s position and orientation are used to transform the
data from the digital database to present the pilot with the
synthesized 3D projected view from the remote aircraft. In
ooe embodiment, the RPV system measures the various
delays and modifies the control laws used by the computer
in the remote pilot aircraft and in the feedback provided by
the computer in the remote pilot station 1o the remote pilot.
For example, the computer may adjust the sensitivity of the
User Flight Controls 408 according to the delay (e.g., as the
delay increases, the computer will decrease the seasitivity of
the fight controls). The system also displays the measured

delay to the remote pilot.

First Order RPV Flight Control Mode

The stability of the flight control system, and thus the
fiyability of an RPV, can be improved considerably by using
a first order system. In one embodiment of such a first order
system the position of the remote pilot’s joystick represents
an angle relative to the horizon, instead of representing a rate
of rotation as in a second order system. The position of the
joystick is transmitted to the computer in the remote aircrafi
which moves the control surfaces as required to place the
remote aircrafl in the requested orientation. The control
system in the remote aircraft is still a sccond order system
but the delays in the communications link and the remote
pilot station are no longer a part of the system’s loop.

When a joystick is centered, the remote aircraft will fly
straight and level. Whea the joystick is to the right of center
the remote aircraft will be in a right banked turn. When the
Joystick is to the left of center the remote aircraft will be in
a left banked turn. When the joystick is backward from
center the remote aircraft will be in a pitch up orientation.
When the joystick is forward of center the remote aircraft
will be in a pitch down orientation.

The amount of baok and piich permitted depends on the
design of the remote aircraft. A high performance remote
aircraft will be capable of a greater amount of pitch and bank
than will a low performance remote aircrafl.

Referring again to FIG. 4, Computer 405 may optionally
be coupled to Control Panel 402, Keyboard 403, Simulation
Port 404, Video Interface 410, VCR 411, and/or Video
Display 412. In one embodiment, Control Panel 402 con-
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tains specialized lights, displays, and switches 1o allow a
quicker response to situations than can be provided by
Keyboard 403. Control Panel 402 can be arranged to
approximate the look and feel of an actual aircraft cockpit.
Keyboard 403 allows the remote pilot to select various
operating modes. For training purposes, Simulation Port 404
allows the remote pilot station to be connected to a remote
aircraft simulator instead of an actual remote aircraft. The
remote aircraft simulator will be further described with
reference to FIG. 6. Storage Device 409 allows the flight
data to be recorded. During playback this previously
recorded data is substituted for real-time data from the
remole aircraft to replay the mission for analysis. Any video
received from any reconnaissance cameras on the Remote
Aircraft 103 is converted by Video Interface 410 so that it
can be recorded on VCR 411 and displayed on Video
Display 412. VCR 411 can also operate in straight-through
mode so that the reconnaissance video can be viewed in real
time.

FIG. 5.is a block diagram of a remote pilot station
according to another embodiment of the invention. FIG. 5§
shows Remote Pilot Station 500. Remote Pilot Station 500
is similar to Remote Pilot Station 400 of FIG. 4, except
Video Display 407 is replaced by Head Mounted Display
501. In addition, Head Mounted Display Attitude Sensors
502 are coupled to Computer 405. Head Mounted Display
Attitude Sensors 502 measure the attitude of Head Mounted
Display 501. This information is used by Computer 405 1o
produce an additional three dimeunsional transformation of
the data from Digital Database 107 to account for the
attitude of the remote pilots Head Mounted Display 501.
This does not require any additional data from the remote
aircraft. Of course, alternative embodiments could include
both a video display and a head mounted display.

FIG. 6 is a block diagram of a simulated remote aircraft
used for training remote pilots according to one embodiment
of the invention. FIG. 6 shows Remote Aircraft Simulator
600 including Computer 605 coupled 10 Acrodynamic
Model Processor 601, Instructor Control Panel 602, Key-
board 603, Simulation Port 604, Graphics System 606,
Storage Device 608, and Simulation Network Interface 609.
Remote Aircraft Simulator 600 communicates with Remote
Pilot Station 400 or 500 through Simulation Port 604.
Acrodynamic Model Processor 601 executes a mathematical
model that simulates the behavior of a remote aircraft. An
instructor uses Instructor Control Panel 602 and Keyboard
603 to select various training scenarios. Graphics System
606 and Video Display 607 are used to observe the operation
of the system. Storage Device 608 is used to record the
training session for later evaluation of the session. In addi-
lion to proficiency training, the Remote Aircraft Simulator
can also be used to practice a proposed mission. The data
communicaled to the remote pilot station can include train-
ing and evaluation data for processing and/or display. This
training and evaluation data can include any relevant
information, such as flight path accuracy, etc.

Simulation Network Interface 609 permits participation in
a battlefield simulation system such as SIMNET, mixing
aircraft, tanks, and ground troops for training in the coor-
dination of mixed forces. Thus, the system is designed to
allow for the communication of this battlefield simulation
information between the remote aircraft simulator and the
remote pilot station. This allows the remote pilot station to
display one or more other simulated entities (e.g., tanks,
ground troops, other aircraft, etc.) described by the battle-
field simulation information.

The Database

The Digital Database 107 can be comprised of any type of
data from which a three dimensional image can be gener-
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ated. For example,
mak'cs ava_ilablc various databases, two of which are of
particular interest The first is the Digital Elevation Model

data which consist of an array of regularly spaced terrain
elevations.

10
the US. Geological Survey (USGS)

The other USGS database is the Digital Line Graph data

which includes: political and administrative boundaries;
hydrography counsisting of all flowing water, standing water,
and wetlands; major transportation Systems consisting of
roads and trails, railroads, pipelines, transmission lines, and
airports; and significant manmade structures. The Digital
Line Graph data is two-dimeasional. In the present inveation
features such as water, roads, railroads, and pipelines are
represented as polygons with elevations determined from the
Digital Elevation Model data. Transmission lines and sig-
pificant manmade structures are defined as three-
dimensional objects made of
according to the elevations determined from the Digital
Elevation Model data. The different types of objects are
tagged so that the remote pilot can select them to be
highlighted by category or by specific object.

polygons and are placed

Data from additional digital databases can also be incor-

porated. An example of such a database is from Jeppesen
Sanderson whose NavData Services division provides aero-
nautical charts
digital form.

and makes this information available in

The procedure for generating the synthesized three-

dimensional view from the Digital Database may use any
number of techniques, including those disclosed in the 1987
patent to Beckwith et al. (U.S. Pat. No. 4,660,157 REAL
TIME VIDEO PERSPECTIVE DIGITAL MAP DISPLAY
METHOD), and the 1993 patent to Dawson et al. (U.S. Pat.
No. 5,179,638 METHOD AND APPARATUS FOR GEN-
ERATING A TEXTURE MAPPED PERSPECTIVE
VIEW). One disadvantage of generating the synthesized
three-dimensional view from these elevation databases in
real time is the amount of storage space they require. To
avoid this large amount of data storage, one embodiment of
Digital Database 107 is composed of terrain data that
represents the real terrain using polygons. This database may
be generaled using any number of techniques. For example,
this database may be generated by transforming one or more
elevation databases into a polygon database using the tech-
nique taught in “Pilot Aid Using a Synthetic Environment”,
Ser. No. 08/274,394 filed Jul. 11, 1994. Ancther method for
transforming one or more elevation databases into a polygon
database is taught in “Digital Map Generator and Display
System”, Ser. No. 08/543,590,
example ol a three dimensional projecled image created
from this database is shown in FIG. 7.

filed Oct. 16, 1995. An

While the invention has been described in terms of several

embodiments, those skilled in the art will recognize that the
invention is not limited to the embodiments described. The
method and apparatus of the invention can be practiced with
modification and alteration within the spirit and scope of the
appended claims. The description is thus 1o be regarded as
illustrative instead of limiting on the invention,

What is claimed is:
1. A system comprising:
a remotely piloted aircraft including,
a position determining system to locate said remotely
puloted aircraft’s position in three dimensions; and
an orientation determining system for determining said
remotely piloted aircraft’s orientation in three
dimensional space;
4 communications system for communicating flight data
between a computer and said remolely piloted aircrafi,
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said flight data including said remotely piloted air-
craft’s position and orientation, said flight data also
including flight control information for controlling said
remotely piloted aircraft;

a digital database comprising terrain data;

said computer to access said terrain data according to said
remotely piloted aircraft’s position and to transform
said terrain data to provide three dimensional projected
image data according to said remotely piloted aircraft’s
orientation;

a display for displaying said three dimensional projected

image data; and

a set of one or more remote flight controls coupled to said

computer for inputting said fight control information,
wherein said computer is also for determining a delay
time for communicating said flight data between said
computer and said remotely piloted aircraft, and
wherein said compuler adjusts the sensitivity of said set
of one or more remote flight controls based on said
delay time.

2. The system of claim 1, wherein:

said remotely piloted aircraft includes a device for cap-

turing image data; and

said system operates in at least a first mode in which said

image data is not transmitted from said remotely
piloted aircraft to said computer at a sufficient data rate
to allow for real time piloting of the remotely piloted
aircraft.

3. The system of claim 1, wherein the flight data com-
municated between said remotely piloted aircraft and said
computer is secured.

4. The system of claim 1, wherein said remotely piloted
aircraft further comprises a set of one or more video cam-
eras.

5. The system of claim 4, wherein said communications
system is also for communicating video data representing
images captured by said set of one or more video cameras,
said video data for displaying said images.

6. The system of claim 5, wherein said video data is
transmitted on a different communication link than said
flight data. )

7. The system of claim 4, wherein at least one camera in
said set of one or more video cameras is an infrared camera.

8. The system of claim 1, wherein said display is a head
mounted display.

9. The system of claim 1, wherein said set of one or more
remote flight controls is responsive to manual manipula-
tions.

10. The system of claim 1, wherein said set of one or more
remote flight controls allows for inputting absolute pitch and
roll angles instead of pitch and roll rates.

11. The system of claim 1, wherein said computer is also
used for correcting adverse yaw without requiring input
from said set of one or more remote flight controls.

10

20

25

30

35

40

45

50

12

12. The system of claim 1, wherein:

said remotely piloted aircraft includes a device for cap-
turing image data; and said system operates in at least
a first mode in which said image data is not transmitted
from said remotely piloted craft to said computer but
stored in said remotely piloted aircraft.

13. A station for flying a remotely piloted aircraft that is

real or simulated comprising;
a database comprising terrain data;

a set of remote flight controls for inputting flight control
information;

a computer having a communications unit configured to
receive status information identifying said remotely
piloted aircraft’s position and orientation in three
dimensional space, said computer configured to access
said terrain data according to said status jnformation
and configured to transform said terrain data to provide
three dimensional projected image data representing
said remotely piloted aircraft’s environment, said com.
puter coupled 1o said set of remote flight controls and
said communications unit for transmitting said flight
control information to control said remotely piloted
aircraft, said computer also to determine a delay time
for communicating said flight control information
between said computer and said remotely piloted
aircraft, and said computer to adjust the sensitivity of
said set of remote flight coatrols based on said delay
time; and

a display counfigured to display said three dimensional
projected image dala.

14. The station of claim 13, wherein said communications
unit is also configured to receive video data representing
images captured by a set of video cameras on said remotely
piloted aircraft, said video data for displaying said images.

15. The station of claim 14, wherein said video data is
transmitted on a different communication link that said flight
control information and said status information.

16. The station of claim 13, wherein said display is a head
mounted display.

17. The station of claim 13, wherein said set of remote
flight controls is responsive 1o manual manipulations.

18. The station of claim 13, wherein said set of remote
flight countrols are configured to allow inputting absolute
pitch and roll angles instead of pitch and roll rates.

19. The station of claim 13, wherein said computer Is also
configured to correct adverse yaw without requiring input
from said set of remote flight controls.

20. The station of claim 13, wherein said communications
unit includes at least one of a communications transceiver
and a simulation port,
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