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Nationat Aeronautics and
Space Administration

Langley Resailih Center \O ( @

May 14, 2003
Reply to Alin of: 212
Jed Margolin .
-
Subject: Infringement Inquiry

Dear Mr. Margolin,

I received notice of your belief that NASA may have infringed one or more of your U.S.
patents. In order to address your concems, we need to receive some more detailed
information. Please provide the titles and patent numbers of any patents you fee] NASA
may have infringed. Please also provide a description of any actions by NASA leading to
your belief of possible infringement. Finally, please specify in detail how those actions
constitute infringement of your patent(s). This information will allow us to evaluate your
assertion and respond and/or react appropriately. Thanks for contacting us. 1 look
forward to hearing from you soon, and discussing your concems further.

Cordially,

o

Barry V. Gibbens

Patent Attorney

Technology Commercialization
Program Office

{90009 T4 1 |
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] Reference 2 (4 Pages)

Jed Margolin ’ _
A crai May 18, 2003

Mr. Barry V. Gibbens ~__ —
National Aeronautics and Space Administration b (@\

Lanilei Researih Center

Attn: 212

Dear Mr. Gibbens,
This is in response to your letter dated May 14, 2003.

As we discussed in our telephone conversation on May 16, the information you have requested
was supplied in my email to Mr. Kurt Hammerle on May 12, 2003.

After | emailed my inquiry to Mr. Jesse Midgett on May 12, | discovered the web page for the
Patent Counsel Office and contacted Mr. Hammerle by telephone.

| apologize for any confusion this may have created.

As a result of more searching | have discovered a link to a Johnson Space Center SBIR Phase I
award to Rapid Imaging Software at http://sbir.gsfc.nasa.gov/SBIR/successes/ss/9-058text.htm! .

It includes a particularly relevant paragraph:

The Advanced Flight Visualization Toolkit (VisualFlight™) project is developing a suite of
virtual reality immersive telepresence software tools which combine the real-time flight
simulation abilities with the data density of a Geographic Information System (GIS). This
technology is used for virtual reality training of crews, analysis of flight test data, and as an on-
board immersive situation display. It will also find application as a virtual cockpit, and in
teleoperation of remotely piloted vehicles.

{ The emphasis on teleoperation of remotely piloted vehicles is mine.)

A search of the SBIR archive shows the following entries.

For 2001 Phase I:

Rapid Imaging Software, Inc.

Wlb)

Integrated Video for Synthetic Vision Systems
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For 2001 Phase Il:

Rapid Imaging Software, Inc.

Carolyn Galceran

Integrated Video for Syntheiic Vision Systems

If there is any additional information regarding my patents that you would find helpful please let
me know.

Sincerely yours,

J Mageter

Jed Margolin
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tapid Imaging Software

NASA
SBIR
SUCCESSES

INNOVATION

LandForm VisualFlight™ is the
power of a geographic information
system (GIS) and the speed of a
flight simulator, accessible from
any Windows application.

ACCOMPLISHMENTS

e The Advanced Flight Visualization Toolkit
(VisualFlight™) project is developing a
suite of virtual reality immersive
telepresence software tools which
combine the real-ime flight simulation
abilities with the data density of a
Geographic Information System (GIS).
This technology is used for virtual reality
training of crews, analysis of flight test
data, and as an on-board immersive

situation display. It will also find application
as a virtual cockpit, and in teieoperation of

remotely pitoted vehicles.

e AFVT will enhance the ability of analysts
and operators to interact with large
amounts of multidimensional data using
the most natural paradigm avaitable: 3D
immersion. This operator/data interaction
technology will be an advancement
comparatle to the invention of the

Heads-Up Display (HUD). AFVT will move

the HUD into the third dimension.
« A simplified user interface, it will fuse

real-time 3D displays of terrain with digital
maps, satellite data, vehicles, flight paths,
and waypoints. This unique and innovative

approach will build upon recent software
technology research and development
from Rapid Imaging Software.
VisuaiFlight™ permits users to construct
and deploy their own immersive
multidimensianal display applications on
Windows-based computer platforms.

COMMERCIALIZATION

e VisualFlight™ is sold as a development kit

starting with 5 run-time licenses. Users
who wish to distribute more applications

hetpz“sbir.gsfe.nasa gov: SBIR. successes/ss 9-0581ext. hin

Johnson Space Center
1998 Phase ll

LandForm VisualFlight™

Rapid Imaging Software, Inc.

Alberqueque, NM

Optional Powerpoint file

GOVERNMENT/SCIENCE APPLICATIONS

s The firm's VisuaiFlight™ System was used to fly the X-
38 on it's latest test flight. The flight vehicle was piloted
by astronaut (Ken Ham) using LandForm VisualFlight
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wupid lmaging Software

using LandForm VisualFlight™ technology
can purchase additional run-time licenses
as needed.

s VisualFlight™ 1.0 has been available to
qualified users for several months now,
and the response is excellent.
VisualFlight™ has been deployed to
display live real-time flight data broadcast
over a network, Pleass visit this page for
the latest VisualFlight™ developments.

e LandForm V/O Video Overlay plug-in for
LandForm C3 or Flight Vision is available
for the Matrox Corona board only. The
price is $4995 for a # single users
license. Site license is available for $6995.

For more information about this firm, please send
e-mail to: company representative

Return to NASA SBIR Success Listings

huips: sbir gsfe.nasu.gov SBIR suceesses ss9-058text. h

system as his digital cockpit window.

Curator: SBIR Support

04429
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NASA X 389”3 us provide free content to the world by donating today!

From Wikipedia, the free encyclopedia
(Redirected from X-38)

The X-38 Crew Return Vehicle (CRV) was a prototype for X-38
a wingless lifting body reentry vehicle that was to be used T R
as a Crew Return Vehicle for the International Space Station
(1SS). The X-38 was developed to the point of a drop test

vehicle before its development was cancelled in 2002 due to

budget cuts. (1

Conten ts

= 1 History

» 2 Development

= 3 Design ‘

- g gggc;fllscstlonsl .Role Crew Return Vehicle‘ -

-

= 6 Notes ; Manufagturer  Scaled Composites (prototypes)
' First flight 1999

s 7 References
« 8 External links Status Cancelled 29 April 2002

e T T ‘Primary user NASA
Number built 2 atmospheric vehicles

HIStOry 1 orbital vehicle (incomplete)
9§veloped from Martin-Marietta X-24

The crew size for the 1SS depends upon the crew return capability: the crew is
limited to three because the Russian Soyuz TMA vehicle that will remain
docked to the ISS can only hold three people. Since it is imperative that the
crew members be able to return to Earth if there is a medical emergency or if
other complications arise, a Crew Return Vehicle able to hold up to seven crew
members was planned from the outset: this would have allowed the full
complement of seven astronauts to live and work onboard the ISS. NASA has
designed several crew return vehicles over the years with varying levels of e
detail.[?! The X-38 research vehicle

drops away from NASA's B-
52 mothership immediately

Development after being released from
the wing pylon

X-38 was the program under leadership of NASA Johnson Space Center to

build a series of incremental flight demonstrators for the proposed Crew Return

Vehicle. In an unusual move for an X-plane, the program involved the European Space Agency and the
German Space Agency DLR. It was originally called X-35. The program manager was John Muratore, while
the Flight Test Engineer was future NASA astronaut Michael E. Fossum.

The X-38 design used a wingless lifting body concept originally developed by the U.S. AiO@Acg(Dw the mid-

http://en.wikipedia.org/wiki/X-38 10/8/200¢



NASA X-38 - Wikipedia, the free encyclopedia ' Page 2 of
1960s during the X-24 program, and it was Muratore's brainchild.

The X-38 program used unmanned mockups to test the CRV design. The flight %‘
models were:
. X-38 V-131 d
= X-38 V-132
e X-38 V-131R, which was the V-131 prototype reworked with a modified R
shell '
« X-38 VV-201, which was an orbital prototype to be launched by the Space The X-38 CRV prototype
Shuttle mgkes a gentle lakebed
s X-38 V-133 and V-202 were also foreseen at some point in the project but landing at the end of a July
. 1999 test flight at the
were never built. Dryden Flight Research
Center with a fully deployed
The X-38 V-131 and V-132 shared the aerodynamic shape of the X-24A. This parafoil.

shape had to be enlarged for the Crew Return Vehicle needs (crew of seven
astronauts) and redesigned, especially in the rear part, which became thicker.

The X-38 V-131R was designed at 80 percent of the size of a CRV (24.5 ft long, 11.6 ft wide, 8.4 ft high), and
featured the final redesigned shape (Two later versions, V-133 and V-201, were planned at 100 percent of th:
CRV size). The 80% scale versions were flown at 15,000 to 24,000 pound weight. The X-38 V-201 orbital
prototype was 80 percent complete, but never flown.

In tests the V-131, V-132 and V-131R were dropped by a B-52 from altitudes of up to 45,000 ft (13,700 m),
gliding at near transonic speeds before deploying a drogue parachute to slow them to 60 mph (95 km/h). The
later prototypes had their descent continue under a 7,500 ft? (700 m?) parafoil wing, the largest ever made.
Flight control was mostly autonomous, backed up by a ground-based pilot.

The X-38 project cancellation was announced on April 29, 2002 '] due to budget concerns.

Design

Following the jettison of a deorbit engine, the X-38 would have glided from orbit - ,
and used a steerable parafoil for its final descent and landing. The high speeds ~ ™———w__ 1~ ~
at which lifting body aircraft operate make them dangerous to land. The parafoil : ”
would have been used to slow the vehicle and make landing safer. The landing
gear consisted of skids rather than wheels: the skids worked like sleds so the
vehicle would have slid to a stop on the ground.

Both the shape and size of the X-38 were different from that of the Space

Shuttle. The Crew Return Vehicle would haye fit into the payload bay of the X-38 V-201 test model
shuttle. This does not, however, mean that it would have been small. The X-38 located at Bldg. 220 at
weighed 10,660 kg and was 9.1 meters long. The battery system, lasting nine Johnson Space Center,
hours, was to be used for power and life support. If the Crew Return Vehicle Houston, Texas

was needed, it would only take two to three hours for it to reach Earth.

The parafoil parachute, employed for landing, was derived from technology

developed by the U.S. Army. This massive parafoil deploys in stages for optimum performance. A drag chute
would have been released from the rear of the X-38. This drag chute would have been used to stabilize and
slow the vehicle down. The giant parafoil — area of 687 square meters — was then released. It would open ir
four stages (a process called staging). While the staging process only takes 45 seconds, itdsdrwg)tgant for a

http://en.wikipedia.org/wiki/X-38 10/8/200:
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successful chute deployment. Staging prevents high-speed winds from
earing the parafoil.

e spacecraft's landing was to be completely automated. Mission Control
vould have sent coordinates to the onboard computer system. This system
vould also have used wind sensors and the Global Positioning System (a
satellite-based coordinate system) to coordinate a safe trip home. Since the
~rew Return Vehicle was designed with medical emergencies in mind, it
made sense that the vehicle could find its way home automatically in the
event that crew members were incapacitated or injured. If there was a need,
the crew would have the capability to operate the vehicle by switching to the
backup systems. In addition, seven high altitude low opening (HALO)
parachute packs were included in the crew cabin, a measure designed to

provide for the need to jettison the craft.

An Advanced Docking Berthing System (ADBS) was designed for the X-38
and the work on it led to the Low Impact Docking System the Johnson Space
Center later created for the planned vehicles in Project Constellation.

Specifications

See also
« Crew Return Vehicle

« International Space Station
« Lifting body

Related development

« Martin-Marietta X-24
« HIMAT Remotely Piloted Vehicle [1] (http://en.wikipedia.org/wiki/HIMAT)

Comparable aircraft

s« NASA M2-F1
Northrop M2-F2
Northrop M2-F3
Northrop HL-10
MiG-105

Notes

Page 3 of 4
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The fifth test drop flight of
X-38. The aircraft is
released from a B-52

mothership, free falls for a
while, opens and fully

deploys the parafoil and
finally makes a gentle
landing

-~

w

- [

® CnTr oo -]
3-View of the CRYV, line art.

1. ~abwy.3g (http://www.fas.org/spp/guide/usa/launch/x—38.htm)". Federation of American Scientists. Retrieved on

2006-09-20.

2 A Marcus Lindroos. "NASA ACRV (http://Awww.astronautix.com/craft/nasaacrv.htm)". Encyclopedia Astronautica.

Retrieved on 2007-01-05.
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(http://www.nasa.gov/centers/dryden/research/X38_Save/index.htmI)". NASA. Retrieved on 2006-09-13.

= "X38/CRV FDIR (http://ssrl.arc.nasa.gov/x38.htm|)". NASA's Smart Systems Research Lab. Retrieved on 2006-
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External links

« NASA Dryden X-38 Photo Collection (http://www.dfrc.nasa.gov/GaIIery/Photo/X-38/index.html)
« NASA Dryden X-38 Movie Collection (http://www.dfrc.nasa.gov/gallery/Movie/X-SB/index.html)
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Application No. Applicant(s)
08/587,731 MARGOLIN
Office ACtion Summa’y Examiner Group Art Unit
TAN Q. NGUYEN 3614

® Responsive to communication(s) filed on 3/2/98

DX This action is FINAL.

{7} Since this application is in condition for allowance except for format matters, prasecution as to the merits is closed
in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 21 3.

A shortenad statutary period for response to this action is set to expire THREE monthis), or thirty days, whichsier
is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the
application to become abandoned. {135 U.S.C. § 133). Extensions of time may be obtained under the provisions of

37 CFR 1.136{a).

Disposition of Claims

X Claimls) 1-9, 12-18, 21-38, and 50-53 is/ara pending in the application.
Ot the above, claim(s) is/are withdrawn from consideration.
{7 Claim(s)

is/are allowed.

X Claimls) 1-9, 12-18, 21-38, and 50-53
[C1 Claimt(s)

I”1 Claims

is/are rejected.

is/are objected to.

are subject to restriction or election requirement,

Application Papers
] Sae the attached Notice of Draftsperson's Patent Drawing Aeview, PTO-948.

] The drawing(s) filed on __ is/are objacted to by the Examiner.

{1 The proposed drawing correction, filed on _ is | _hpproved [ Hisapproved.

[} The spacification is objected to by thae Examiner.

"] The oath or declaration is abjected to by the Examiner.

Priority under 35 U.S.C. § 119
] Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(al-{d}.
{JAl [1some* [INone of the CERTIFIED copies of the priority documaents have been

] received.
)

]

received in Application No. (Series Code/Serial Number) .

)
! received in this national stage application from the International Bureau (PCT Ruis 17.2{a}].
*Certitied copies not received:

] Acknowledgement is made ot a claim for domestic priority under 35 U.S.C. § 119e!.

Attachment(s)
[[1 Notice of References Cited, PT0-892
X tnformation Disclosure Statemant(s), PTO-1449, Paper Nols). 9
1"} Interview Summary, PTQ-413
") Notice of Draftsperson’s Patent Drawing Review, PTO-948
[’} Notice of Intformal Patent Application, PTO-152

. SEE OFFICE ACTION ON THE FOLLOWING PAGES —- 0 4 4 4 5

U5, Patent and Tiademarx Office

PT0-326 (Rev. 9-95) Qffica Action Summary Part of Paper No. 11




Serial No.: 08/587,731 2
Art Unit: 1614 :

DETAILED ACTION

Notice to Applicant(s)

1. This office action is responsive to the amendment filed on March 02, 1998. As
per request, claims 10, 11, 19 and 20 have been canceled. Thus, claims 1, 2, 14, and
24 are amended. Claims 50-53 have been added. Thus claims 1-9, 12-18, 21-38 and
50-53 are pending.

2. The prior art submitted on March 02 has been considered.

Drawings

3. The drawings are objected to under 37 CFR § 1.84 for the reasons set forth by
the draftsman. See attached PT0O-948 form [or details. Correction is required.
However, correction of the noted defect can be deferred until the application is allowed
by the examiner.

Claim Rejections - 35 USC § 103

4. The following is a quotation of 35 [J.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Oftice action:
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Serial No.: 08/587,731 3
Art Unit: 3614

(a) A patent may not be obtained though the invc_ntidn is not identically disclosed
or described as set forth in section 102 of this title, if the differences between the
subject matter sought to be patented and the prior art are such that the subject
matter as a whole would have been obvious at the time the invention Was made
to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was
made.
5. Claims 1-9, 14-18, 23-38, and 50-53 are rejected under 35 U.S.C. § 103(a) as
being unpatentable over Lyons ct al. (an article entitled “Some Navigation Concepts
For Remotely Piloted Vehicles”, AGUARD Conference Proceedings No. 176 on
Medium Accuracy Low Cost Navigation, September 1975, pages 5-1 to 5-15) in view
of Wysocki et al. (5,381,338) or Fant (4,835,532) or Beckwith et al. (4,660,157), and
further in view of Kanaly (4,405,843).

a. With respect to claims | and 14, Lyons et al. disclose the invention as
claimed (see at least the abstract) including a remotely piloted aircraft (see figure 8,
RPV), a communications system for communicating flight data between a computer and
sai;i remotely piloted aircraft, said flight data including said remotely piloted aircraft's
position and orientation, said flight data also including flight control information for

controlling said remotely piloted aircraft (see page 5-2, section Radio Navigation Using
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Serial No.: 08/587,731 4
Axt Unit: 3614

a Data Link, and figure 6 and the rcla‘tcd text), a digital database comprising terrain
data (see pages 5-3 and 5-4, section Terrain Map Correlation; and figure 8). Lyons et
al. further disclose that the computer accesses said terrain data according to said
remotely piloted aircraft's position and to transform said terrain data to provide a
projected image data according to said remotely piloted aircraft’s orientation; a display
for displaying said projected image data (see page 5-4, third paragraph, and figure 8),
and a remote flight control coupled to said computer for inputting said flight control
information (see figure 6).

Lyon et al. do not explicity disclose that the computer produce a three
dimensional image data {rom the digital database and the navigation information.
However such feature is well known at the time the invention was made (for examples,
see columns 6, 8; figure | and the related text in Wysocki et al.; see figures 1, 3 and
the related text in Fant; or see figures 1, 4 and the related text in Beckwith et al.). 1t
would have been obvious to one of ordinary skill in the art at the time the invention was
made to incorporate the teaching of either Wysocki et al., Fant, or Beckwith et al. into
the system of Lyon et al. in order to improve the system with the enhanced capability
of displaying three-dimensional image of the remoted aircraft over the terrain data.

Lyons et al. disclose the claimed invention as discussed above except for the

determination of a delay time for communicating said flight data between said
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Serial No.: 08/587,731 5
Art Unit: 3614

computer and said remotely piloted aircraft, and adjusting the sensitivity of said set of
one or more remote flight controls based on said delay time. However, Kanaly does
suggest delay time for communicating between the ground station and the remote
airbomne into account of controlling the remote airborne (see at least column 3, lines
15-24, and column 8, line 54 to column 9, line 6). It would have been obvious to
incorporate the teaching of Kanaly into the system of Lyons et al. in order to improve
the system with the enhanced capability of providing more accurate the remote flight
controls to the remoted vehicle and rccc.iving the accurate position and heading data of
the vehicle from the remoted vehicle.

Thus; because of the motivation set forth above, it would have been obvious to a
person of ordinary skill in the art at the time the invention was made to combine the
teachings of Lyon, Kanaly, with either Wysocki et al., Fant, or Beckwith et al.

b. With respect to claims 2, 50, and 51, Kanaly discloses that the remotely
piloted aircraft includes a device for capture image data (see figure 3, item 74) and the
image data is stored in the memory (see figure 3, item 21 and the related text).

c. With respect to claim 3, Lyons et al. disclose that the flight data
communicated between said remotely piloted aircraft and said computer is secured (see
page 5-2, first paragraph of the Radio Navigation Using Data Link section).

d. With respect to claims 4, 5, 7, and 1S, Lyons et al. disclose that said
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Serial No.: 08/587,731 5
Art Unit: 3614 :

remotely piloted aircraft further comprises a infra red sensor image (video camera) and
means for communicating and displaying video data representing images captured by
the sensor image (see page 5-3, section Map Matching, and figure 8).

€. With respect to claims 6 and 1'6, Lyons et al. disclose that the video data
is transmitted on a different communication link (wideband transmission of video

signals) than said flight data (see page 5-2, first paragraph of section Radio Navigation
Using a Data Link).

f. With respect to claims 8 and 17, Lyons et al. disclose that the display is a
head mounted display (see figures 5 and 6).

g. With respect to claims 9 and 18, Lyons et al. also disclose that the remote
flight control is responsive to manual manipulations (see figure 6).

h. With respect to claim 23, Lyons et al, disclose that the communications
unit includes at least one of a communications transceiver and a simulation port (sce
page 5-4 and figure 6).

i. With respect to claim 24, Lyons et al. further disclose that the database
representing terrain using polygons (see figure 10).

| j. With respect to claims 25-28 and 30-31, the limitations of these claims
have been noted in the rejection above. They are therefore considered rejected as set

forth above.
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Art Unit: 3614 S

k. With respect to claim 29, wherein said video data is transmitted real-time
(see page 5-3, first paragraph of the section Map Matching).

1. Claims 32-38 and 52 are method claims corresponding to apparatus claims
24-31. Therefore, claims 32-38 and 52 are rejected for the same rationales set forth for
claims 24-31.

m.  With respect to claim 53, Kanaly disclose the step of receiving the input
representing a current position of a directional control. The step of interpreting the
current position relative to the horizon is not mentioned. However, it would have been
obvious to one of ordinary skill in the art at the time the invention was made to
interpret the current position relative (o the horizon since it is well known for the

control instrument as shown in the figure | can’be performed such function.

6. Claims 12-13, and 21-22 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Lyons ct al., Wysacki et al. or Fant or Beckwith et al., and Kanaly
as applied to claims 1-9, 14-18, 23-38, and 50-53 above, and further in view of
Thornberg et al. (5,552,983).

| Lyons et al. disclose the claimed invention as discussed above except that the
remote flight controls allows for inputting absolute pitch and roll angles. However,

such feature is well known in the art at the time the invention was made. For example,

.
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Thornberg et al. suggest a variable referenced control system for remotely operated
vehicles which includes means for inputting absolute pitch and roll angles for remotely
control the unmanned aerial vehicle (see at least figures 5 and 6). It would have been
obvious to one of ordinary skill in the art at thé time the invention was made to
incorporate the teaching of Thomberg et al. into the system of Lyons et al. in order to
inpuf the pitch and roll control signals as the flight control signals for remotely control
the vehicle.

7. All claims are rejected.

Remarks

8. Applicant's arguments filed on October 27, 1997 have been fully considered but
they are not deemed to be persuasive.  Upon amended claims, the newly added
claims, and the updated search, the new ground of rejections has been sc£ forth as
above.

9. In the amendment, applicants essentially argue that the Lyon reference “fails to
teach more than just the generation of the 3D image”. However, upon examination of

the claims, the references cited clearly cover the subject matter AS CLAIMED by the

applicants. Therefore, the rejection under 35 U.S.C. § 103 is considered to be proper.
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10.  Applicants also argue that none of Lyons, Wysocki, Fant or Beckwith generate a
projected image using polygons. Applicant's attention is directed to figure 10 of the
Lyon reference in which it discloses that the terrain model includes a plurality of
polygons and in figure 1, 3, 5, and column 5, lines 42-49 of the Fant reference do

suggest such feature.
11, Applicants further argue that the references cited do not disclose the determining
of the delay time for comnwmnication. Applicant's attention is directed to column 8, line

54 to column 9 line 35 in which it disclose such feature. Therefore, the new rejection

made s considered to be proper.

12. Applicant’s amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is.not
ma.iled until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
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the advisory action. In no event, however, will the stattory period for reply expire

later than SIX MONTHS from the date of this final action.

13.  Any inquiry conccrning this communication or earlier communications from the
examiner should be directed to examiner Tan Nguyen, whose telephone number is
(703) 305-9755. The examiner can normnally be reached on Monday-Thursday from
7:30 AM-5:00 PM. The examiner can also be reached on altenate Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, William Cucilinski, can be reached on (703) 308-3873.

Any response to this action should be mailed to:

Box AF

Couunissioner of Patents and Trademarks
Washington, D.C. 20231

or faxed to:
(703) 305-76&7, (for formal communications, please mark
“EAPEDITED PROCEDURE”; for informal or draft
communications, please label "PROPOSED" or "DRAFT")

Hand-delivered responses should be brought to Crystal Park 1, 2121
Crystal Drive, Arlington. VA., Sixth Floor (Receptionist).

N "
~—_ &

TAN Q. NGUYEN

PATENT EXAMER
/tqn

May 01, 1998 Art Unit 3614
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Responsive to the Office Action mailed on May 4, 1998, the Applicant

respect{ully requests reconsideration of this application in view of the following remark:

35 U.S.C. §103 rejection, over Lyons in view of Wysoki or Fant or Beckwith, and Sfurther

in view of Kanaly

The Examiner has rejected Claims 1-9, 14-18, 23-38, and 50-53 under 35 U.S.C.

§103 as being obvious over Lyons in view of Wysoki or Fant or Beckwith, and further in
view of Kanaly.

FIRST CLASS CERTIFICATE OF MAILING
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As described in more detail below, the Office Action: 1) either clearly
misdescribes Kanaly or clearly asserts an improper rejection regarding Kanaly; and 2)
clearly misdescribes Lyons in stating that Lyons describes an RPV that communicates
“flight data ... including said remotely piloted aircraft's position™ (see Office Action page
3). In addition, Applicant submits that Lyons in view of Wysoki or Fant or Beckwith,
and further in view of Kanaly does not teach the claimed invention

In order to address the numerous references used to suppont this rejection,
Applicant discusses Kanaly; then Lyons; then the combination of Lyons and Kanaly and
Wysoki or Fant or Beckwith; and finally why Applicant’s claimed invention is not
obvious over the asserted combination.

1) The Office Action either Misdescribes Kanaly or Asserts an Improper

Rejection Regarding Kanaly
The Office Action states that Lyons does not disclose “the determination of a

delay time for communicating said flight data between said remotely piloted aircraft, and
adjusting the sensitivity of said set of one or more one or more flight controls based on
said delay time.” (see Office Action page 5) Then, the Office Action states that Kunaly
“does suggest delay time for communicating between the ground station and the remote
airbomne into account of controlling the remote airbome.” 1d. Either, the Office Action
is: 1) incorrectly asserting that Kanaly teaches that the computer monitors the time delay
and adjusts the sensitivity of the controls; or 2) asserting an improper rejection because
“the prior art reference (or references when combined)” do not “teach or suggest all the

claim limitations,” but rather teach away.

a) Assuming the Office Action is Asserting that Kanaly Describes

Monitoring the Time Delay for Communication and Adjusting the

Sensitivity of the Controls Based on the Measured Time Delay

Attorney Docket 002055.P004 Patent 0 4 4 5 6
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Kanaly basically teaches the inclusion of a buffer in a remotely piloted vehicle to
store high resolution image data to mask the time delay for slewing a camera.! However,
Kanaly does not describe that the pilot station computer determine the time delay for
communication and adjust the sensitivity of the controls accordingly. In particular, the

Office Action cites the following two sections of Kanaly to support the rejection:

It also substantially increases the speed of operation of the system.
Namely, a considerably shorter period of time is required tg simply fetch
data from memory, as compared to having to slew the camera, as in the
prior art system described above. The savings in time in fetching the data
from the memory permits the use of more time for digitizing , formatting,
processing, etc. without delaying the image so much as 1o be noticeable by
the console operator. (col. 3, lines 15 - 24). (emphasis added)

The above quote deals with the delay resulting from having to slew the camers,

not from the communications delay.

At the ground station the incoming signals are down converted and
demodulated from transceiver 54 and modem 51 equipment to obtain
display control signals. The display control signals are used to control the
scanning of the image pixels of the display 31, so as to generate high
resolution data only at the portion corresponding to point of observation of
the operator 10 and equated with that particular portion of the overall
scene data stored in memory 21 aboard the remotely piloted vehicle. It has
been found that the time delay from a step change in look angle by the

: Kanaly deals with a system in which a remote operator wears a helmet (on which an oculometer
is mounted) that determines where the remote operator is lovking. - Signals indicating where the remote
operator is looking are sent to the RPY. The RPV includes a camera, The prior art system over which
Kanaly distinguishcs is one in which the camera on the RPV provides high resolution data in the center and
low resolution data on the periphery. As a result, the prior art system must move the camera in response o
the remote operator’s movements. This caimera movement imroduces a delay in the image provided to the
remote operator.

To reduce or remove this delay (not measure it or adjust flight controls) due ta movement of the
‘camera, Kanaly teaches having the camera store high resolution data over the whole scene in o mermory on
board the RPV. The RPV transmits the high resolution imagery corresponding to the center of where the
remote operator is looking and tow resolution imagery (based on the stored high resolution data)
corresponding to the remote operator's peripheral vision. As a result, inovement of the remote operator’s
head merely requires the RPV adjust from where in the memory the high and low resolution data is
accessed - the camera need not be moved. “Because the high resolution data is obtained from memory and
not from the camera equipment directly, as in the prior art. the scheme in accordance with the present
invention permits the camera 10 be effectively decoupled from the data link.” (see col. 2, line 56 - col. 3,

line 24; col. B, line 54 - col. 9, line 6). .
3o
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operator 10 to a look angle correction by the oculometer 33 and changes to
a new location in memory 21 from which new high resolution data is to be
read out and its subsequent transmission and appearance on the display
device 31 as high resolution imagery data may be less than 0.2 seconds
using present day modulation and transmission rates. This minimum time
delay is substantially less than the approximate 0.5 seconds required
normally by the human eye before the operator becomes aware of the high
resolution data that he is viewing. (col. 8, line 54 1o col. 9, line 6).

The above quote merely indicates that it takes 0.2 seconds to perform the following:
“a look angle correction by the oculometer 33,” “changes to a new location in memory 21
from which new high resolution data is to be read out,” *its subsequent transmission,”
and “its appearance on the display.” Thus, Kanaly is discussing the delay of the overall
system and how it has been improved, not the specific time delay required for
communication from the RPV to the pilot station. In addition, Kanaly just recognizes
that there is delay and that the delay is not perceptible to the human eye (In fact, Kanaly
states that the required “0.2 seconds” is “substantially less” “than the approximate 0.5

seconds required normally by the human eye”). Since Kanaly's delay is not perceptible

to the human eye, it is not at all surprising that no where in Kanaly is the idea of having
the computer in the pilot station measure the delay and adjust the sensitivity of the
controls. As such, Kanaly teaches away from the claimed invention by teaching that the

delay is not perceptible to the human eye.

b) Assuming the Office Action is Improperly basing the Rejection on the

Mere Fact that Kanaly indicates that there Exist Delay in His

System, and that Part of that Delay is Due to Transmission of Data

The second quote from Kanaly reproduced above clearly indicates that Kanaly has
determined thal the delay associated with ““a look angle correction by the oculometer 33"
“changes to a new location in memory 21 from which new high resolution data is to be
read out,” “its subsequent transmission,” and “its appearance on the display” is less than
0.2 seconds. This provides no support for the rejection. .

_4-
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According to M.P.E.P. § 2142:

[tlo establish a primary facia case of obviousness, ... the prior art
reference (or references when combined) must teach or suggest all the
claim Jimitations. The teaching or suggestion to make the claim
combination and the reasonable expectation of success must both be found
in the prior art, and not based on applicant’s disclosure.” (emphasis
added).

The determination by Kanaly that the delay time for his overall system is
imperceptible by the human eye does not even come close to teaching or suggesting the
claimed limitation of having the computer in the pilot station measure the time delay,
much less doing anything about that time delay (e.g., adjusting the sensitivity of the
controls). In fact, Kanaly indicates that the delay is imperceptible (0.2 is “substantially
less™ than 0.5 seconds), and thereby indicates no need to do anything about the delay.
Thus, if the Oftice Action is asserting that the mere fact that Kanaly has determined a
static time of 0.2 seconds for his system and that this time is imperceptible to the human
eye as teaching or suggesting the claimed limitations, the rejection is improper because
claim limitations that are not taught or suggested by Kanaly are being ignored. In fact,
Kanaly teaches away from the claimed invention by teaching that the delay is not
perceptible to the human eye.

2) The Oftice Action Misdescribes Lyons

Although Lyons has been extensively described in Applicant’s prior responses
and discussed at length in an interview, the Office Action continues to assert that Lyons
describes the transmission of flight data from the aircraft, where that flight data includes
the aircraft’s position. This is clearly not the case.

Lyons teaches the use of dead reckoning.” Dead reckoning is the determination of

an estimated or dead reckoned position that is based on various elements (including

2

In summary. the Lyans neference teaches various techniques for updnting the dead reckoned position of
remotely piloted aircratt on a two dimensional moving map display available to the piloL In pasticular, Lyons
contemplates a RPV iransmitting intormation to a control center (Figure 1). The control center ig used by the pilut to
fly the RPV. To display the position of the RPV to the pilot, the control center provides a “moving map display.” As
contemplated by Lyons, “the most convenient display mode for the present application is the rolting map or ‘passing
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scene’ technique where a new line is added to the top of the display apd the scene is shifted slowlx downwarc.is" (page
5.3, end of first full paragraph). In particular, Lyons cumcx_nplates using film to generate the moving map (Figure 5).
The moving map is moved based on the dead reckoned positions of the RPV., . )

As is well known in the art, dead reckoned positions have accumulating ervor. ‘To adjust for this error, Lyons
describes two basic concepts: 1) map matching (Section 3); anfl 2) terrain map corretation (Section f). The map
matching concept requires that the RPV transmit some kind of image data to the comro) center. In Figure 6, the ]
conteol center is shown having the moving map display and the sensor display (i.e., a display gencra{cd from .lhc: image
data transmitted by the RPV). Lyons contemplates the transmission of two kinds of image data: l)' side looking rafia:
(SLR); and 2) real time forward-looking sensors. When using the SLR system, the SLR generated mage c}mu received
by the control center allows it 10 make a downward-looking ilmage. The pilot watches the sensor displuy (1.:., the
display generated bused on the transmitted image data) for “likely update features™—landmarks. When the pilot sees a
landmark in the sensor display, the pilot presses a transfer button which causes the control center (o superimpose the
sensor display over the moving map (Figure 5). The pilot then adjusis the moving. map so that it matches the overlaid
sensor display image und presses an accept button. By adjusting the moving map in this manner, the dead reckoned
position of the RPV is updated in an attempt to remove the error associated with the calculation of dead reckoned
positions {Page 5-3, sccond, third, and fourth full parsgraphs). The simulated SLR/map update system is iHlustrated in
Figures 7A and 7B.

Having described the SLR-based map matching technique, the real time forward-looking sensor technique
will now be described. Lyons describes basically twa techriques of updating dead reckoned RPV positions on a
moving map using only real time forward-looking sensors: 1) an ansmorphic projection technique (page 5-3, fifth full
paragraph; figurc 8); and 2) u HUD based technique (page 5-3, sixth full paragraph; figure 9). Similar to the SLR
based technique, the anamorphic projection technique requires the pilor 1o watch the sensor display (i.c., the image
generated from the transmitted data) for landmarks, press a button which superimposes the trunsmitted image on the
moving map, adjust the moving map, and press an accept button. As described in Lyons, in order to superimpose (he
forward-looking transmitted image on the moving map, the forward-looking image is transformed using anamorphic
projection. Lyons goes on to describe various problems with the anamorphic projection technique, and then describes
the HUD based technigue.

In the HUD based technique, the pilot is presented with two images: 1) the moving map display (see left-
hand imuge of Figure 9); and 2) the sensor display generated from the image data transmiteed from the real time
forward-looking sensor on the RPV. The HUD technology is used to allow the pilot to mark landmarks on the
forward-looking sensor based image. These HUD markings are then superimposed on the moving map, and the pilot
makes the necessary adjustments 1o the moving map (page 5-3, sixth full paragraph).

In sununury, the map matching technigues usc the following: 1) the transmission of image data from the
RPV to the control center; 2) a display ut the control center which shows un image based on the real time image dula
received from the RPV; 3) a moving map display that is moved based on the dead reckoned positon of the RPV; and
4) some manner of superimposing the sensor image ontw the moving map 1o allow the pilot 10 update the moving map
in an effort to correct the errar associated with the dead reckoned positions. The sensor display's image is based on
image data transmitted [rom the RPV, while the moving map contemplated by Lyons is a two-dimensional, top dawn
view displayed using filin (see Figures 5 and 7).

Having described the map malching techniques from Lyons, Applicant will now describe the terrain map
correlution technique of Lyons. The terrain map cormelation technique described in Lyons is also used for correcling
the crror in dead reckoned positions shawn to the pilot by a two-dimensional moving map. In particular, Lyons states
at page 5-3, lust paragraph:

Reconnaissance or forward-looking sensors provide a convenient method of updating the
navigation system. However, these sensors required Jarge datalink bandwidth to transmit the video
picture to the control center and hence are valnerable to ECM... Hence, an altemative method of
updating the navigation system is desirable. (¢mphasis added)
The phrase “updating the navigation system" is used throughout Lyons to refer to the adjustment of a two-dimensional
moving map in an efton (o correct for error due to dead reckoning.

Rather than requiring the user o actively update the moving map display (i.c., push a button which causes
the images to be superimposed, adjusting the moving map, and pushing an accept button), the terrain map corretation
lechnigue attempts to adjust the moving map (i.e., correct for the dead reckoned error) without pilot intervention using
a laser range measurements and a digital elevation database. In operation, the RPV transmits (o the control center a set
of Jaser range measurcments (including an altimeter reading). The control center uses dead reckoned positions 1o hoth
adjust the two-dimensional moving map and to estimate the location of the RPV over a digital database map of
clevation points stored in the control center (Figure 10). Based on a calculation of the possible error associated with
the dead reckoned positions, a search area is identified in the digital database (Figure 12). A seasch is then performed
within this search area to identify the position that most closely matches the transmitted laser range data. The RPV's
position is then updated to the location that best matches the transmitted laser ranges in an altempt to coerect the error
associated with the dead reckoned positions. The moving map is then automatically adjusted (wjthout pilot
intervention) to reflect the updated RPV position.

-6-
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speed, direction, etc), that has accumulating error, and that must be corrected before
generating any image. As such, the Lyons paper discusses techniques for correcting or
updating the dead reckoned positions. In particular, Lyons states “The objective is to
make use of equipment normally carried for RPV operation to supplement a simple dead
reckoning navigation system.” (abstract).

In particular, Lyons describes transmitting laser measurements for updating the
dead reckoned position. The pilot station determines error associated with dead
reckoning; identifies a search area in the digital ELEVATION database based on the dead
reckoned position - where the current dead reckoned position is the center of the search
area (“expected RPV position” in Figure 12) and the search area represents the locations
the RPV could be due to the accumulating error in the current dead reckoned position;
compares the transmitted laser measurements for various positions in the search area in
an effort to locate a corrected dead reckoned position of the RPV}

In fact, Lyons states the following:

This paper discusses methods by which the navigation function for a
Remotely Piloted Vehicles (RPVs) can be achieved without the need for
complex specialized navigation equipment. The objective is to make use
of equipment normally carried for RPV operation to supplement a simple
dead reckoning navigation system. In this way significant improvements
in navigation capability can he achieved with little or no added complexity
in the vehicle itself. The additional processing is carried out at the control

centre where restrictions on equipment size and cost are not so prohibitive.
(Ahstract)

) Thus, the digital database of Lyons (conceptually Hllustrated in Figure 10) is used to updute the twa-
dimensional moving map in an effort to correct for the eror in the dead reckoned positions,

" In nddition, the office action cites pages 5-4, third paragraph, and Figure 8 as
a database based on the remotely piloted aircraft’s transmilted position and o
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Again, none of the data ransmitted by the RPV (whether it be flight data for dead
reckoning, the dead reckoned position, nor the laser measurements) is the position of the
aircraft; everything transmitted by Lyon’s RPV is data used by the pilot station to

determine a corrected dead reckoned position of the aircraft through complicated

processing, which corrected dead reckoned position is used for display.
Now that Applicant has put forth a more correct reading of Lyons, Applicant will

address what results from combining Lyons with Wysoki or Fant or Beckwith.

3) The combination of Lyons and Wysoki or Fant or Beckwith, in further view of

Kanaly

Lyons describes that the remote pilot station displays to the remote pilot a two-
dimensional moving map (which is not based at all on the digital elevation database) on
which the position of the remote aircraft is indicated. In particular, Lyons uses the digital
elevation database in the remote pilot station in conjunction with the laser measurements
for automatically updating the dead reckoned position indicated on the two-dimensional
moving map.

The Office Action asserts that the combination of Lyons and Wysoki or Fant or
Beckwith would result in a system that produces “a three dimensional image data from
the digital database and the navigation information.” First, the claims are not that the
image is generated from the digital database and some vague notion of “navigation
information,” but require that the transmitted position and orientation be used to

generate the three dimension image (as stated above, Lyons describes a very different

system in which the transmitted data is not used for iinage generation, but that the
transmitted data goes through complicated processing to generate a corrected dead
reckoned position and that it is the corrected dead reckoned posi‘tion that is used for
image generation). Thus, the Office Action’s language is improperly disregarding

limitations in the claims.
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Second, the combination of Lyons Kanaly and Wysoki or Fant or Beckwith would

result in a system according to the following table, where the addition of Kanaly for the

purposes asserted by the Office Action would merely result in making a determination of

the tiime delay of the entire system to illustrate that the combination is better than the

prior art and/or fast enough not to be perceptible by the human eye.

Lyons in view of Wysoki or Fant or

Beckwith, and further in view of Kanaly

Applicant’s Invention

Aircraft transmits dead reckoning

information

Alrcraft determines its own position and
orientation, and then transmits its own

position and orientation

Aircraft transmits laser measurements for

automatic dead reckoned position update

Pilot station determines error associated
with dead reckoning; identifies a search
area in the digital database based on the
dead reckoned position - where the current
dead reckoned position is the center of the
search area (“expected RPV position” in
Figure 12) and the search area represents
the locations the RPV could be (iuc to the
accumulating error in the current dead -
-reckoned position; compares the
transmitted laser measurements for various
position in the search area in an effort to

locate a corrected position of the RPV.
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As modified by Wysoki, Fant or Beckwith,
the pilot station would then also transform
the digital database relative to the corrected
dead reckoned position to generate a three

dimensional image.

The pilot station transforms the digital
database relative to the position and
orientation transmitted from the aircraft to

generate a three dimensional image.

Knowing the time delay and that it is

imperceptible to the human eye

The pilot station computer measuring the
time delay to communicate with the aircraft

(see claims | & 14)

The pilot station computer adjusting the
sensitivity of the controls based on the

measured time delay (see claims 1 & 14)

Thus, the asserted combination would result in forgoing Lyon’s two-dimensional map,

and instead using Lyons digital database to generate a three-dimensional image (through

some technique in Wysoki, Fant or Beckwith) relative to a corrected dead reckoned

position. The above table is a fair read of the combination of Lyons and Wysoki or Fant

or Beckwith because none of Wysoki or Fant or Beckwith describe a manner of piloting

of a remotely piloted aircraft; in contrast Wysoki and Fant and Beckwith describe how to

generate three dimensional images from various databases (none of which store the

terrain as a set of polygons).

4) The Claimed [nvention is Not Obvious in view of the combination of Lyons

and Wysoki or Fant or Beckwith, and further in view of Kanaly

Clearly, the above table illustrates that the combination of Lyons and Wysoki,

Fant or Beckwith does not describe Applicant’s claimed invention. In particular, the

combination of Lyons, Kanaly, and Wysoki or Fant or Beckwith results in a system that

uses transmission of dead reckoning information by the aircraft, some mechanism in the
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pilot station to correct the dead reckoned positions, and some scheme to generate images
based on the corrected dead reckoned position.*

The laser measurement system of Lyons’ relied on by the Office Action requires
the use of “terrain-referenced navigation” - that is, Lyons describes searching an elevation
database in a search area (based on the estimated error in the dead reckoned position) for
a match to a set of elevation based laser measurements. Terrain-referenced navigation
suffers from a number of disadvantages, including an inability to function over non-
unique terrain (e.g., flat terrain such as deserts, water, etc.). For example, assume that
Lyons RPV is flying over water. The three or more laser measurements taken by the
RPV will all indicate that the terrain over which the RPV is flying is a relatively constant
clevation. According to Lyons, the three or more luser measurements would be compared
to locations in an estimated error region that is a relatively constant elevation because it
maps a body of water. As such, the laser measurements can no longer be used to correct

the dead reckoned position. In fact, Lyons states:

Apart from the errors involved in the actual luser measurements the
accuracy of terrain representation has a consjderable influence on the
feasibility of the method. In addition, the technique is ineffective over the
sea or over flat, featureless terrain. (section 4). (emphasis added).

+ .
Lyons states the following:

This paper discusscs methods by which the navigation function for a Remotely Piloted Vehicles
(RPV5) can be achieved withour the need for complex s ccialized navigation cquipment. The
objective is to make usc of equipment normally carried for RPY operiting 1o su pplement a simple
dead reckoning navigalion syswn. In this way significant improvements in navigation capability
can be achicved with little or no added complexity in the vehicle itself. The additional processing
is carried out atthe control centre where restrictions on cquipment size und cost wre not 5o
prohibitive. ... Use can alse be made of an on-board laser to provide range-to-terrain
measurements which, when correlated with a computer stored mup, enables the RPV position to be
continuously updated. (Abstract)

: Lyons describes basically two systems: 1) a higher handwidth system that uses dead reckoning and
transmits images from the RPV to the pilor station for updating the dead reckoned positions; and 2) a fower bandwidih
system that also uses dead reckoning, burt uses lascr measurements for updating the dead reckoned positions. Unlike
the former, Applicant’s claimed system does not require the transmission of images to ty the aircraft and to correct
dead reckoned positions, but has the remotely piloted aircraft determine and transmit its position and generates three-
dimensional images from the database in the pilot station from that transnitted position, As deseribed in the text,
unlike the later, Applicant’s claimed system does not use termain-referenced navigation, ¢
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Where the data link is limited in bandwidth the laser/terrain correlation
technique should give good accuracy and the process could be completely
automated to provide a continuous indication of RPV position.
Disadvantages of the system are the large amount of data storage and
computation necessary at the control centre, the development work
required to produce an operational system and the unsuitability of the
system over featureless terrain. (section 5). (emphasis added)

Applicant’s claimed invention does not use Lyons dead reckoned positions that
must be corrected in the pilot station using terrain-referenced navigation, but rather
Applicant’s claimed invention requires the remotely piloted aircraft determines and
transimits its own position to the pilot station and that it is this transmitted position and
orientation that is used to generate the three dimensional images (not an untransmitred
corrected dead reckoned position). Again, the asserted combination results in a system in
which the digital database in the pilot station is accessed based on the error associated
with the dead reckoned position, and then the digital database is accessed using the
correct dead reckoned position to generate the three dimensional image (in other words,
the asserted combination does not gererate the three-dimensional image using the
position and orientation transmitted from the RPV; in contrast the asserted combination
uses 4 corrected dead reckoned position that was not transmitted by the RPV). Thus, none
of the data transmitted by the RPV (whether it be flight data for dead reckoning, the dead
reckoned position, image data, or the luser measurements) is the position of the aircraft;

rather, everything transmitted by Lyon’s RPV is data used by the pilot station to

determine a corrected dead reckoned position of the aircraft through complicated
processing, which corrected dead reckoned position is used for display. Thus, Lyons
teaches away from Applicant’s claimed invention in that Lyon’s “objective” is to put the
onus of determining the position of the RPV on the pilot station to “supplement a simple

dead reckoning navigation system,” whereas Applicant’s claimed invention puts the onus

04466

-12-
Attorney Docket 002055.P004 Patent
Serial No. 08/587,731 Art Unit: 3614




of determining position on the remotely piloted vehicle and uses the transmitted position
to generate the three dimensional image.
In particular, Applicant’s claim 32 requires “determining the current position of

said remotely piloted aircraft in three dimensions; ... communicating said current

position .. from said remotely piloted aircraft to a pilot station; transforming said terrain

data into image data representing a simulated three dimensional view according to the
current position; displaying said simulated three dimensional view using said image
data.” Thus, Applicant’s claim 32 requires that the three-dimensional image be produced
from the TRANSMITTED position, not one that is corrected or updated using some laser
measurement dead reckoning scheme. Since Applicant's claimed invention requires the
remotely piloted aircraft to detennine and transmit its own position to the pilot stution
and that it is this transmitted position and orientation that is used (o generate the three
dimensional images, Applicant’s sys(em‘provides an advantage over Lyons in that
Applicant’s system does not have difficulty over featureless terrain,

Furthermore, Claims 1 and 14 have additional limitations that the Office Action
improperly asserts are found in Kanaly. The determination by Kanaly that the delay time
for his overall system is imperceptible by the human eye does not even come close to
teaching or suggesting the claimed limitation of having the computer in the pilot station
measure the time delay, much less doing anything about it (e.g., adjusting the sensitivity
of the controls). In fact, Kanaly indicates that the delay is imperceptible (0.2 is
“substantially less” than 0.5 seconds), and thereby indicates no need to do anything about
the delay. Thus, Kanaly teaches away from the claimed invention by teaching that the

-delay is not perceptible to the human eye. Incontrast, the language of claims 1 and 14

requires that the computer in the pilot station determine the delay and adjust the

sensitivity of the controls. If there was a static time delay in transmission and/or the

delay was imperceptible, the sensitivity of the flight controls of Applicant’s system could

be permanently set. However, Applicant claim language requires that the computer in the
-13-
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pilot station determine the time delay of the communication and adjust the sensitivity of
the controls, thereby requiring at least one real time measurement of the delay and some
adjustment.

Furthermore, Applicant’s claims 24 and 32 require that the database store the
terrain data as polygons. As previously described, none of art used in the rejection make
use of a database that stores the terrain data as a set of polygons. In particular, Lyons
describes the use of an Elevation Database in which each point represents an elevation.
Although Figure 10 from Lyons shows (for illustrative purposes only because Lyons does
not display an image from the database) lines connecting the elevation points, the points
in an elevation database are not stored as polygons. While the images generated by
Wysoki or Beckwith of Fant may look like one or more polygons, the terrain is not stored
in their databases as polygons.® In contrast, Applicant’s claim 24 requires the transmitted
“position and orientation” be transformed “into a three dimensional projected image of
said remotely piloted aircraft’s environment accordiﬁg to a database representing real

terrestrial terrain using polygons.™ Similarly, Applicant's claim 32 requires ““accessing a

database comprising terrain data that represents real terrestrial terrain as a set of
polygons.” Thus, claims 24 and 32 require that the database stores the terrain us

polygons.

* As described above, the data in the database of Lyons is not used to generate an image, but simply to update the dead
reckoned position.

With respect to Beckwith, the digital elevution data in the database is points with a constant north up
position, not polygons (see col. 6, lines 52-61; col. 7, lines 30-36).

Fant describes the use of two databases: 1) the object library database which contains reat-world images; and
2) the gaming area datubuse which provides the informatian necessary for the placement of the cuntents of the object
library, surfaces, snd special effect on a gnd or gaming area (sce col. 6, line 38 - col. 7, line 10). In particular, the Fant
patent is for u high performance computer graphics system that combines Computer Generated fmagery (CGL with
Computer Synthesized Imagers (CS[) 1o form Computer Generuted Synthesized linagery (CGSI) {see col. 2, line §3 -
col. 3, line 12).

Wysoki describes a database of digital orthophotographs (see col. 4, lines 43-51). Digital orthophotographs
are compulterized images generated by making geometric corrections to scanned aerial photographs. In particular, an
aerial photograph contains some degree of distortion. [n contrast, maps maintain a constant scale, but tack the detait of
an aerial photograph. Orthophotography combines the features of maps and aerial photographs.  The uerial
photographs are unwrapped (to remove the distortion) and fitted 10 a particular map projection (6 create un image map

that has uniform scale und known accuracy.
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The remaining rejected claims are each dependent on one of the allowable base
claims. For at least these reasons, Applicant respectfully request this rejection be

withdrawn.

35 U.S.C. §103 rejection, over Lyons in view of Wysoki or Fant or Beckwith, and further
in view of Thomberg
The Examiner has rejected Claims 12-13 and 21-22 under 35 U.S.C. §103 as
being obvious over Lyons in view of Wysoki or Fant or Beckwith, and further in view of
Thomberg.
Claims 12-13 and 21-22 are each dependent on one of the allowable base claims |

and 14. For at least this reason, Applicant respectfully submits that claims 12-13 and 21-

22 are allowable.

Conclusion
Applicant respectfully submits that the rejections have been overcome by the
amendments and remarks, and that the Claims are now in condition for allowance.

Accordingly, Applicant respectfully requests the rejections be withdrawn and the Claims

as amended be allowed.

Drawing Corrections
The drawings have been objected to by the draftsman. The Applicant will file

amended drawings at the time of allowance of the present application.
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Invitation for a telephone interview
The Examiner is invited to call the undersigned at 408-720-8598 if there

remains any issue with allowance of this case.

Charge our Deposit Account

Please charge any shortage to our Deposit Account No. 02-2666.

' Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

pd
Date: 5/ & 1998 C/

Daniel M. De Vds
Reg. No. 37,813

12400 Wilshire Boulevard

Seventh Floor

Los Angeles, California 90025-1026
(408) 720-8598

0447
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Application No.: _08/587,731 EXPEDITED PROCEDURE
Filed: __January 19, 1996 EXAMINING GROUP 3614

For: A Method and Apparatus for Remotely Piloting an Aircraft

(title)

ASSISTANT COMMISSIONER FOR PATENTS

Washington, D.C. 20231

Box AF

SIR: Transmitted herewith is an Amendment After Final Action for the above application. w 9
Smalt entity status of this application under 37 C.F.R. §§ 1.9 and 1.27 has been establishec.!.:by E™
verified statement previously submitted. : (=2

o
A veritied statement to establish small entity status under 37 C.F.R. §§ 1.9 and 1.27 is enclosed.
__X__ No additional fee is required. .
A Notice of Appeal is enclosed.
The fea has been calculated as shown below:
OTHER THAN A
(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
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Totat . i
Claims 38 | Minus 49 0 x11|§ 0 x22 | $
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write 0" in Col. 3. Add. Fee | ® 9 | Add. Fee|®
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SPACE is less than 20, write 20" in this space.
“** lf the "Highaest No. Previously Paid For" IN THIS SPAGE is less than 3, write "3" in this
space. The "Highest No. Previously Paid For" {Total or Independent) is the highest number
found from the equivalent box in Col. 1 of a prior amendment or the number of claims
originally filed.
I hereby certity that this correspondencs is being deposited with the United States Postal Service as first class mail
with sufficiant postags in an envelope addressed to the Assistant Commissioner for Patants, Washington,
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Date of Deposit
Conny Van Dalen
Name of Person Mailing Correspondence
fgnovg DanOn 0o 1-b-98
Signature Date )
-1 (LVicak 10/25/36).

04471




A check in the amount of § is attached for presentation of additional claim(s).

___Applicant(s) hereby Petition(s) for an Extension of Time of month(s) pursuant to
37 C.F.R. § 1.136(a).
A check for § is attached for processing fees under 37 C.F.R. § 1.17.

Please charge my Deposit Account No. 02-2666 the amount of $
A duplicate copy of this sheet is enclosed.

X The Commissioner of Patents and Trademarks is hereby authorized to charge payment of the
following fees assaciated with this communication or credit any overpayment to Deposit Account
No. 02-2666 (a duplicate copy of this sheet is enclosed):

X Any additional filing fees required under 37 C.F.R. § 1.16 for presentation of
extra claims.
X Any extension or petition {eas under 37 C.F.R. § 1.17.

BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP
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Date: 7/ b , 1998 T
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Application No. Applicant{s)
08/587,731 MARGOLIN
AdViSOfy Ac"on Examiner Group Art Unit
TAN Q. NGUYEN 3614

THE PERIOD FOR RESPONSE: [check only 8} or b)]
a) 1 expiras __THREE monthe from the mailing dats of the final rejection.

b) .'—] expiras sithar three months from the maling date of he finat rejection, or on the mailing data of this Advisory Action, whichever
T iafater. In no event, however, will the statutory period for the rasponse expire Jater than six manths from the date of the final
rejection,
Any extansion of time must be obtained by tiling a petition under 37 CFR 1.136(a), the proposed response and tha appropriate faa. The
date on which the responss, the petition, and tha fea have baen filed is the data of the response and also the date for the purposes of
datermining the period of extansion and the corresponding amount of the fee. Any sxtsnaion fes pursusnt ta 37 CFR 1.17 will ba
casiculatad from the datae af the originally set shortened statutory period tor respanse or ss set forth in b) abova.

[ Appellant's Brief is due two months fram the date of the Notice ot Appeal filed on
period for response set forth above, whichever is later). See 37 CFR 1.191(d) and 37 CFA 1.192(a).

{or within any

Applicant’s responsae to the final rejection, fitead on 7/9/398 has been considered with the following effect,
but I8 NOT deamaed to place the application in condition for allowance:
{J The proposed amandment(s):
[J wilt ba entered upon filing of a Notice of Appeal and an Appeal Brief.
{1 will not be entered because:
they raise new Issues that would require further consideration and/or search. (See note below).
they raise the issue of new matter. (See note below).

oo

they are not deemed to place the application in better form for appeal by materially reducing or simplifying the
Issues tor appeal.

they prasent additional claims without cancalling a corresponding number of finally rejected claims.
NOTE:

O

3 Applicant's response has overcome the foliowing rejection(s):

X! Newly proposed or amended claims 1-9, 12-18, 21-23, and 50 would be allowable if submitted in a
separate, timely filad amendment cancalling the non-allowable claims.

X The affidavit, exhibit or request for reconsideration has been considered but does NOT place the application in condition
for allowance because:
Unon the response filed on July 19, 1998, the arquments are partial deemed to be persuasive. Therefore, claims 1-8,
12:18, 21-23, and 50 . However, the references cited do read on claims 24-38, and 51-52 .

[J The affidavit or exhibit will NOT ba considerad because it is not diracted SOLELY to issues which were newly raised by
the Examiner in the final rejection.
& For purposas of Appeal, the status of the claims is as follows (sae attachad writtan explanation, if any):
Claims allowed: 7-9, 12-18, 21-23, and 50
Claims objected to: NONE
Claims rejected: 24-38, 51, and 52

"1 The proposed drawing correction filed on [has  [Thas not been approved By the Examiner,

] Nota the attached Information Disclosure Statement(s), PTO-1449, Paper No(s).
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In re Application of: C
Jed Margolin / Z/
& Examiner: T. Nguyen
B Serial No. 08/587,731

Ant Unit: 3614

IN THE UNITED STATES PATENT AND TRADEMARK OFFIC

Filed: January 19, 1996

For: A Method and Apparatus for

W . Remotely Piloting an Aircraft
(g\/ RESPONSE UNDER 37 C.E.R. §1.116
\ —~ EXPEDITED PROCEDURE -
2 g/ - - . EXAMINING GROUP 3614

Assistant Commissioner for Patents
ngl Washington, D.C. 20231

RESPONSE UNDER 37 C.F.R. § 1.116
EXPEDITED PROCEDURE -- EXAMINING GROUP 3614

Sir:
Responsive to the Advisory Action mailed on July 24, 1998, the Applicant

respectfully requests the Examiner to enter the following amendment and to consider the

following remark:

2
AMENDMENT T
&
In the Claims: Mj —_

. , ,u
X/ Please cancel Claims 24-38. 51 and 52 without prejudice. -3
e 8
ol
REMARK -

The Advisory Action has indicated that claims 1-9, 12-18, 21-23, and 50 are

allowable and that claims 24-38, 51 and 52 remain rejected. Although Applicant disagrees

FIRST CI.ASS CERTIFICATE OF MAILING

[ hereby centity that this correspondence is being deposited with the Unired States Pastal Service as first class madl with
sufticient postage i an envelope addressed 1o the As?skml Commissioner for Puatents, W: wshingron, D.C. 20231 on

auchf 4,

(DdlL of Deposit)

CO H-'l:'jm.:{l(:t?so%nhn( Correspondence - 04 4 7 5
Cvp Vel b g-4-a%

glbl\ ure Date




with the rejection, Applicant has canceled claims 24-38, 51 and 52 to place the application

in condition for allowance. Applicant currently plans on filing a continuation to further

pursue the rejected claims.

Invitation for a telephone interview
The Examiner is invited to call the undersigned at 408-720-8598 if there remains

any issue with allowance of this case.

Charge our Deposit Account

Please charge any shortage to our Deposit Account No. 02-2666.

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP
o }

9 /L (.A,,., e / . /
Date: 6 f , 1998 . \‘)A‘L/" [ e
: Daniel M. De Vés—
Reg. No. 37,813

12400 Wilshire Boulevard

Seventh Floor

Los Angeles, California 90025-1026
(408) 720-8598
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MR 02 mr ¥ *Jed Margolin

N THE UNITED STATES PATENT AND TRADEMARK OFFICE Hf,/D/

£ Examiner: T. Nguyen
& Serial No. 08/587,731 .
st Art Unit: 2304 .
Filed: January 19, 1996 t_:,,‘ .
For: A Method and Apparatus for -r.;’ :
Remotely Piloting an Aircraft o : v‘;
o ’.‘7‘ -\
T W8
Assistant Commissioner for Patents o (i\_
Washington, D.C. 20231 ~
. AMENDMENT AND REMARK

Responsive to the Office Action mailed on November 28, 1997, the Applicant

respectfully requests the Examiner to enter the following amendment and to consider the

following remark:

/’ AMENDMENT
In the Specification:

On page 3, line 22, pleasg-feplace "many” with --may--.

On page 3, line 23, please replace "cameras” with --camera--.

In the Claims: // / /

Please cancel claims 10, 11, 19 und 20, withowt prejudice.

Please amend the claims us follows:

[ hereby certi{y that this correspondence is being deposited with the United States Postal Service as first class mail
with sufficient postage in an eavelope addressed to the Assistant Commissioner for Patents, Washington, D.C. 20231
on February 27, 1998

{Dute of Depoxit) «
Conny Yan Dalen
Numne of Person Mailing Correspondence

o Une Q0 - D-a7-9¢ 04 47 7

Signature Date
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1. (Once Amended) A system comprising:

a remotely piloted aircraft including,

a position determining system to locate said remotely piloted aircraft's

position in three dimensions; and

an orientation determining system for determining said remotely piloted

aircraft's orientation in three dimensional space:

a communications system for communicating flight data between a computer and
said remately piloted aircraft, said flight data including said remotely piloted aircraft'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 flight 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 computer adjusts the sensitivity of said set of one or more

remote flight controls based on sald delay time.

2. (Once Amended) The system of claim |, wheretn;

said remotely piloted uircraft {including:] includes a device for capturing image

data; and

XL A

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 airgraft

2.
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7 [a position determining system for locating said remotely piloted aircraft's
/\}'} 8  position in three dimensions; and
9 an orientation determining system for determining said remotely piloted

10  aircraft's orientation in three dimensional space].

—

L% (Once Amended) A station for flying a remotely piloted aircraft that is real oc

2 simulated comprising:

3 a database comprising terrain data;

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

5 a computer having a communications unit configured to receive status

6 information identifying said remotely piloted aircraft's position and orientation in three
7  dimensional space, said computer configured to access said terrain data according to said

status information and contigured to transform said terrain data to provide three

JJ

9  dimensional projected image data representing said remotely piloted aircraft's
10 environment, said computer coupled to said set of remote flight controls and said
11 communications unit for transmitting said flight control information to control said

12 remotely piloted aircraft,_said computer also to determine a delay time for

13 communicating said flight control information between said computer and said remotely

14 piloted aircraft, and said computer to adjust the sensitivity of said set of remote flight

1S controls based on said delay time; and

16 a display configured to display said three dimensional projected image dara.

a position dgfermifiing system _to |

—

ocate sajd,remﬁrelv/pilo[ed aircraft's position in

three dimensions;

\'L Auorney Docket 002055.P004 Patent 0 4 4 7 9
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ion, including said

.7 remotely piloted aircraft's position and orientation, to a pilot station f hsformation

' 8 into a three dimensional projected image of said remote oted aircraft's environment

according to a database reppésentin}f real tegrestfial terrain using polygons, said

communications system Also eiving from said pilot station flight control

information; and

jisting said remotely piloted aircraft's flight in response to

ontrol system fo

t control information.

Please add rhe following new claims:

l’%. {(New) The system of claim 1, wﬁerein:

2 said remotely piloted aircraft includes a device for capturing image data; and

3 said system operates in at least a first mode in which said image data is not transmitted
4 from said remotely piloted craft to said computer but stored in said remotely piloted

S aircraft.

iloted atrcraft of claim 24 further ¢

4 piloted aircraft to said computer at a sufficieft dagartate to ullow for real time piloting of
o

5 the remotely piloted aircraft.

1 S2. (New) The oo od of claim 32 further comprising the step of:
i
\ 2 geperating sud flight control information responsive to said simulated three
\ 3 <t iew and without any Tmage fransmitted ftom said rcmotmy'an
4.
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e method of claim 34, wherein said step of

information in response to manual manipulationgGRthe set of manual fli ontrols on

said pilot station includes the step of:

sition of a diregtional control; and

receiving input represeni current

Tarive 10 The iorizon, tather than a T3te O -

REMARK

Applicant respectfully requests reconsideration of this application as amended.

35 U.S.C. §103 rejection, over Lyons in view of Wysoki or Fant or Beckwith

‘The Examiner has rejected Claims 1-9, 14-18, 23-32, and 34-38 under 35 U.S.C.

§103 as being obvious over Lyons in view of Wysoki or Fant or Beckwith.
According to M.P.E.P. § 2142, “[t]o establish a primary facia case of obviousness,

... the prior art reference (or reterences when combined) must teach or suggest all the

claim limitations. The teaching or suggestion 1o make the claim combination and the
rcasonable expectation of success must both be found in the prior art, and not based on
applicant’s disclosure.” (emphasis added).

CLAIMS 1 and 14

Claim 1 has been amended to include the limitations of claims 2, 10 and 11. Similarly
Claim 14 has been amended to include the limitations of claims 19 and 20. Thus, Claims

-1 and 14 are discussed under the next rejection directed to claims 10, 11, 19, and 20.

> 04481
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CLAIMS 24 AND 32

I The Office Action Misdescribes Lyons

The office action agrees that Lyons does not teach the generation of “three
dimensional image data from the digital database and the navigation information.”
However, Lyons fails to teach more than just the generation of the 3D image.

Lyons teaches a pilot station that uses dead reckoning to estimate the location of
the RPV. As is well known in the art, dead reckoned positions have accumulating error.
To correct for this error, the RPV transmits some information to the pilot station. The
information transmitted depends on the approach of which Lyons describes two:

1) The transmission of video or radar image data from the RPV to the pilot

station. For the video and radar image data (Section 3, including Figure
8), the pilot station provides a two dimensional moving map on which the
pilot station indicates the aead reckoned position. At various intervals, the
pilot must use the video or radar image to correct the dead reckoned
position (This is what Figure 8 shows).

2) The transmission of laser measurements from the RPV to the pilot station. For

the laser measurements (Section 4, Figure 10-12), the pilot station includes
a database. The pilot station identifies a search area in the database based
on the dead reckoned position - where the current dead reckoned position
is the center of the search area (“expected RPV position” in Figure 12) and
the search area represents the locations the RPV could be due to the
accurmnulating error in the current dead reckoned position. The pilot station
then compares the laser measurement for various position in the search
area in an effort to locate the correct position of the RPV. Once the
database has been used to locate the cortect position of the RPV, the pilot
station indicates the RPVs actual position on the 2D moving map (this

.

map is not generated based on the database).

-6-
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One advantage of the laser system being that the error in the dead reckoned
position is automatically corrected using the laser and database, whereas the video and
radar image data system requires user intervention to update. Another advantage of the
Jaser system is that the laser data requires less bandwidth than the video or radar image

data. For a further description of Lyons, see footnote "

! In summary, the Lyons reference teaches various lechniques for updating the dead reckoned position of
remotely piloted aircraft on a two dimensional moving map display available to the pitot. In particular, Lyons
contemplates a RPV transmitting information (o a control center (Figure 1). The control center is used by the pilot ta
fly the RPV. To display the position of the RPV 1o the pilot, the control cenler provides o “moving map display.” As
contemplated by Lyons, “the most convenient display mode for the present application is the rolling map or ‘passing
scene’ technique where a new line is added to the wop of the display and the scene is shifted slowly downwards” (page
5-3. end of first full paragraph). In particular, Lyons contemplates using film to generate the moving map (Figure 5).
The moving map is maved based on the dead reckoned positions of the RPV.

As is well knowa in the ant, dead reckoned positions have uccumulating error. To adjust for this error, Lyons
describes two basic concepts: 1) map matching (Section 3); and 2) terrain map corrclation (Section 4). The map
matching concept requires thal the RPV transmit some kind of image data o the control center. In Figure 6, the
control cenfer is shown having the wmoving map display and the sensor display (i.e., a display generated from the image
data transmitted by the RPVY. Lyons contemplates the transmission of two kinds of image data: 1) side looking radar
(SLR); and 2) real time forward-looking sensors. When using the SLR system, the SLR genersted image data received
by the control center allows it to make a downward-looking image. The pilot watches the sensor display (i.e., the
display generatcd based on the transmitted image data) tor "likely update features”—landmarks. When the pilot sees a
landmark in the seasor display, the pilot presses a transfer bution which causes the control center to superimpose the
sensor display over the moving map (Figure 5). The pilot then adjusts the moving map so that it matches the overlaid
sensor display image and presses an accept button. By adjusting the moving map in this manner, the dead reckoned
position of the RPV is updated in an attempt W remove the errar associated with the calculation of dead reckoned
pusitions (Page 5-3, second, third, and fourth full paragraphs). The simulated SLR/map update system is illustrated in
Figures 7A and 78.

Huving described the SLR-based nap matching technique, the real tme forward-looking sensor technique
will now be deseribed. Lyons describes basically two techniques of updating dead reckoned RPV positions on 4
moving map using only real time forward-looking sensors: 1) an anamorphic projection technique (page 5-3, fifth full
paragruph; figure 8); and 2) a HUD based techaique (page 5-3, sixth full paragruph; figure 9). Similar to the SLR
based techniqiie, the anamorphic projection technigue requires the pilot 10 waich the sensor display (i.c., the image
generated from the transmitted data) for landmarks, press a hutton which superimposes the transmitted image on the
maving map, adjust the moving nap, and press un accept button. As described in Lyons, in order to superimpose the
forward-looking transmitted image on the moving map, the lorward-looking image is transformed using snamorphic
projection. Lyons goes on to describe various problems with the anamorphic projeciion technique, and then descrbes
the HUD based technique.

fn the HUD based technique, the pilot is presented with two images: 1) the moving map display (see left-
hand image of Figure 9); and 2) the sensor display generated from the image data ransmitted from the real time
forward-looking sensor on the RPV. The HUD technology is used to allow the pilot to mark landmarks on the
forward-looking sensor based image. These HUD markings are then supenimposed on the moving map, and the pilot
imakes the necessary adjustments to the moving map (page 5-3, sixth full paragraph).

In summuary, the map malching techniques use the Tollowing: 1) the transmission of image data from the
RPV w the control center; 2) a display at the contro} center which shows an image bused on the real time image data
“received from the RPY; 3) a moving map display chat is moved based on the dead reckoned position of the RPV, and
4) some manner of superimposing the sensor image onto the moving map to allow the pilot 1o update the moving map
{0 an cffort to correct the error associated with the dead reckoned pusitions. Neither the sensor display’s image nor the
moving map can he equated to the generation of “'a three-dimensional projected image” generated bused upon "
digital database™ stored in the control center. The sensor display’s image is bused on image data transmitted from the
RPV, while the moving map contemplated by Lyons is a two-dimensional, top down view displayed using hlm (see
Figures 5 and 7).

Having described the map matching technigues from Lyons, Applicant will now describe the terrain map
correlation technique of Lyons. The terrain map correlation techmgue described in Lyons is also used for correcting
the crror in dead reckoned positions shown to the pilot by o two-dimensional moeving map. In particulur, Lyons states
a page 5-3, last paragraph:

-
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The office action states that Lyons teaches a remotely piloted aircraft that
transmits its position und orientation. However, Lyons actually teaches the remotely
piloted aircraft transmitting either: 1) video or radar image data; or 2) laser
measﬁremcnts (see above and footnote). Neither the video/radar image or the laser
measurements are the RPVs position, but are data used to either manually or
automatically update the dead reckoned position of the Lyons system. Thus, Lyons does
not teach the claimed transmission of the remotely piloted aircraft’s position and
orientation in three dimensional space (see claims 24 and 32).

In addition, the office action cites pages 5-4, third paragraph, and Figure 8 as
disclosing a single system that accesses a database based on the remotely piloted

aircraft’s transmitted position and orientation and transforms the terrain data into a

projected image. However, Figure 8 is for a first system in which the RPV uses a
“forward looking sensor” to transmit a video image and the pilot station uses anamorphic
projection to overlay that image on a 2D moving map, which is not generated by

transforming a database of polygons (see page 5-3, paragraph 6), while pages 5-4, third

Reconnaissunce of forward-looking sensors provide a convenient method ol updating the
navigation system. However, these sensors required large datalink bandwidth to transmit the video
picture 1o the control center und hence are vulnerable to ECM. .. Heoce, an altemative method of
updating the navigation system is desirable. (emphasis added)
The phrase “updating the navigation system” is used throughout Lyons to refer to the adjustment of a two-dimensional
moving map in an effon ta correct for error due to dead reckoning.

Rather than requiring the user to actively update the moving map display (i.e., push a button which causes
the images to be superimposed, adjusting the moving map, and pushing an accept button), the terrain map eorrelation
technique attempis 1o adjust the moving map (i.e., commect lor the dend reckoned error) without pilot intervention using
a laser cunge measurcments and a digital elevation database. In operation, the RPV transmits 1o the control center a set
of laser range messiwements {including an altimeter reading). The control center uses dead reckoned positions to both
adjust the two-dimensional moving map and to estimate the location of the RPV aver a digital database map of
clevation points stored in the control center (Figure 10). Based on a calculation of the possible error associated with
the dead reckoned positions, a search aren is identified in the digital database (Figure 12). A search is then performed
within this seareh arca to ideatify the position that most closely matches the transmitted taser range data. The RPV's
paosition is then updated to 1he location that best matches the transmitted laser ranges in an atlempt (0 correct the error
associated with the dead reckoned positions. The moving map 15 then sutomatically adjusted (without pitor
intervention) to reflect the updated RPV positon,

Thus, the digiral datubase of Lyons (conceptuadly illustrated in Figure 10) is not used to generate a three-
dimensional projected image, buf 1s used to update the two-dimensional moving map in an effort 1o correct or the
crror in the dead reckoned positions. In addition to the description in Lyons, lurther support for the fuct that the digital
database of Lyons is not used 10 gencraie a three-dimensional projected image is thal the image of Figure 10 is
generated using square polygons. Square polygons are not guaranieed o be planar, and therefore, typicully are not
used for gencrating images. T contrast, triangular polyons are guaranieed to be planar and are typicaily uscd for
displaying images.

-8-
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paragraph describe a second system in which the RPV transmits laser measurerments in
lieu of a video stream - Lyons describes the advantages of using one over the other.

With reference 1o the laser system, the database is simply used to correct for the
accumulating error in the dead reckoned position. Once the actual location of the RPV is
corrected using the database and laser measurements, the database is no longer used or

transformed. In contrast, the image generated by Lyon’s pilot station is the 2D moving

map with an indication of the corrected RPV location (see footnote 1 for support). Thus,
Lyons does not teach the claimed transformation of the terrain data in the database to
generate a projected image based on the position and orientation transmitted by the RPV.

2. The Combination of Lyons and Wysoki or Fant or Beckwith

The office action cites Wysoki or Fant or Beckwith as teaching the generation of
three dimensional image data from a digital database. However, the claimed invention
requires that the database represent the terrain using polygons (see Applicant’s claim 24,
lines 9 - 10 and clann 32, lines 10-11). None of Lyons, Wysoki, Fant or Beckwith
generate a projected image using polygons’. Furthermore, none of Wysoki, Fant or
Beckwith teach the limitations of the claims discussed above with reference to Lyons.
Therefore, the combination does not teach the transmission by the RPV of its position and

orientation in three dimensional space, and the pilot station using the received position

and orientation to transform a database representing real terrestrial terrain using polygons

into a three dimensional projected image of the remotely ptloted aircraft’s environment.

! As descabed above, the data in the database of Lyons 1s not used to generate an image, but simply to update the dead
reckoned position.

With respect to Beckwith, the digital clevation data in the datahase is points with a constant north up
position, not polygons (see col. 6, lines 52-61; col. 7, lines 30-36).

Fant describes the use of two databases: 1) the object library database which contains real-would images: and
2) the gaming urea database which provides the information necessary for the placement of the contents of the object
library, surtaces, and special effect on a grid or gaming area (see col. 6, line 38 - col. 7, line 10). In particular, the Fant
patent is for a high performance computer graphics system thar combines Comnputer Generated Imagery (CGI) with
Computer Synthesized Imagers (CSI) o farm Computer Generaled Synthesized Imagery (CGSI1) (see col. 2, line 53 -
col. 3, line 12).

Wysoki describes a database of digital orthophotographs (see col, 4, lines 43-51). Digital orrhophotographs
are compulenzed images generated by making geomeltric corrections to scanned aerial photagraphs. I particular, an
werial photograph contains some degree of distortion. In contrast, mups maintain a constant scale, but lack the detail of
an aerial photograph. Orthophotography combines the {eatures of maps and acrial photographs. The serial
photographs are unwrapped (o remove the distortion) and fitted to a particular map projection toscreate an image map
that has uniform scale and known accuracy.

-9-
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As a result, in certain embodiments of the invention, the remote pilot can {ly the
RPV without any image data being transmitted by the RPV, but based on the 3D
projected imnage generated by transforming the database, with respect to the RPV position
and orientation received by the pilot station from the RPV, into a 3D image. In other
words, the pilot in the claimed system need not rely on image data transmitted from the
RPV 1o fly the RPV. For at least this reason, it is respectfully submitted that these claims

are allowable over the cited prior art.

35 U.S.C. §103 rejection, over Lyons in view of Wysoki or Fant or Beckwith, and further
in view of Kanaly

The Examiner has rcjected Claims 10, 11, 19, 20, and 33 under 35 U.S.C. §103 as

being obvious over Lyons in view of Wysoki or Fant or Beckwith, and further in view of
Kanaly.

As stated above, claim 1 has been amended to include the limitations of claims 2, 10
and 11. Similarly Claim 14 has been amended to include the limitations of claims 19 and
20. Thus, Claims | and 14 are discussed under this rejection.

Similar to the limitations of Claims 24 and 32, Claims | and 14 require that the RPV
transinit its position and orientation in three dimensional space to the pilot station and
that the pilot station transform the terrain data with respect to the position and orientation
to gencrate a three dimensional projected image. As previously stated, the combination
of reference does not teach these limitations.

In addition, Claims 1, 14 (as amended) and claim 33 include the limitations of
.determining the delay time for communication between the pilot station and RPV, as well
as adjusting the sensitivity of the flight controls based on the determined delay time.

Kanaly does not teach or suggest these hmitations. In contrast, Kanaly deals with
a system in which a remote operator wears a helmet (on which an oculometer is
mounted) that determines where the remote operator is looking. Signals Indicating where
-10-
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the remote operator is looking are sent to the RPV. The RPV includes a camera. The
prior art system over which Kanaly distinguishes is one in which the camera on the RPV
provides high resolution data in the center and low resolution data on the periphery. Asa
result, the prior art system must move the camera in response to the remote operators
movements, This camera movement introduces a delay in the image provided to the
remote operator.

To reduce or remove this delay (not measure it or adjust flight controls) due to
movement of the camera, Kanaly teaches having the camera store high resolution data
over the whole scene in a memory on board the RPV. The RPYV transmits the high
resolution imagery corresponding to the center of where the remote operator is looking
and low resolution imagery (based on the stored high resolution data) corresponding to
the remote operator's peripheral vision. As a result, movement of the remote operator’s
head merely requires the RPV adjust from where in the memory the high and low
resolution data is accessed - the camera need not be moved. “Because the high resolution
data is obtained fromn memory and not from the camera equipment directly, as in the prior
art, the scheme in accordunce with the present invention permits the camera to be
effectively decoupled from the data link.” (see col. 2, line S6 - col. 3, line 24; col. 8, line
54 - col. 9, line 6).

Thus, Kanaly does not teach the measurement of a comniunication delay in order
to adjust the sensitively of flight controls based on that delay (see claims 1, 14, and 33),

For at least this reason, it is respectfully submitted that these claims are allowable.

35 US.C. §103 rejection, over Lyons in view of Wysoki or Fant or Beckwith, and further
in view of Thornberg
The Examiner has vejected Claims 12-13 and 21-22 under 35 U.S.C. §103 as
being obvious over Lyons in view of Wysokt or Fant or Beckwith, and further in view of
Thornberg. ‘

-1t-
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Claims 12-13 and 21-22 are each dependent on one of the allowable base claims !

and 14. For at least this reason, Applicant respectfully submits that claims 12-13 and 21-

22 are allowable.

New claims 50 -53

Claims 50 - 52 each require that the remotely piloted aircraft include some device
for capturing image data but that the system operate in at least a first mode in which that
image data is not transmitted and/or not used to pilot the aircraft. In other words, the
pilot in the claimed system cannot rely on image data transmitted from the RPV (as in
certain systems of Lyons - radar and video data) to fly the RPV. In certain embodiments
of the invention, the remote pilot can fly the RPV based on the 3D projected image
generated by transforming the database with respect to the RPV position und orientation
received by the pilot station from the RPV. Of course, additional information that is not
image data could also be transmitted.

Claim 53 specifies the manner in which the flight controls used to pilot the
aircraft are operated. In particular, certain joystick controls on aircraft operate to indicate
a rate of rotation (e.g., pushing a joystick to the right means the aircraft should start
turning right at the speed indicated by the orientation of the joystick - if the position is
held, the plane will roll). However, the claimed manner of operation requires the joystick
position indicate the orientation of the aircraft with respect to the horizon (e.g., joystick
centered causes the aircraft to fly straight; joystick pushed to the right causes the aircraft

to bank to the right at the angle indicated by the joystick - not roll; etc.).

Conclusion
Applicant respectfully submits that the rejections have been overcome by the

amendments and remarks, and that the Claims dare now in condition for allowance.
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Accordingly, Applicant respectfully requests the rejections be withdrawn and the Claims

as amended be allowed.

Drawing Corrections
The drawings have been objected to by the draftsman. The Applicant will file

amended drawings at the time of allowance of the present application.

Invitation for a telephone interview

The Examiner is invited to call the undersigned at 408-720-8598 if there

remains any issue with allowance of this case.

Charge our Deposit Accouns

Please charge any shortage to ouf Deposit Account No. 02-2666.

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

a
,
é?/

12400 Wilshire Boulevard

Seventh Floor

Los Angeles, California 90025-1026
(408) 720-8598

e

“Daniel M. De Vos
Reg. No. 37,813

Date: Z,/Z ? 1998
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13 Sheefts

Jed Margolin Y
Phone:— Email: June 7, 2003

Mr. Alan J. Kennedy \
Office of the General Counsel ‘O (é?
National Aeronautics and Space Administration :

-

Fax

Dear Mr. Kennedy,

Mr. Barry Gibbens of your Langley Research Center suggested | contact you. | missed you when
| called on Friday so | am sending this fax to provide background.

| believe that NASA may have used one or more of my patents in connection with the X-38
project and may be using one or more of my patents in other projects using Synthetic Vision.

This fax contains a number of Internet links. If you would like an email version of this fax
containing active links please send me an email- with your email address.

ole)

In Synthetic Vision (NASA's term), the aircraft's position and orientation are used with a terrain database
(such as the Digital Elevation Database) to produce a 3D projected view of the terrain over which the
aircraft is flying. One of the advantages of this system is that the pilot is able to "see" the terrain
regardless of weather conditions or whether it is day or night.

Summary

My U.S. Patent that pertains to this use of synthetic vision is: U.S. Patent 5,566,073 Pilot Aid Using a
Synthetic Environment issued October 15, 1996 to Margolin. (I am the inventor and owner of the
patent.) The patent application was filed August 9, 1995, and was a continuation of Application Ser. No.

08/274,394, filed July 11, 1994

With synthetic vision it is not necessary for the pilot to be in the aircraft. | befieve the X-38 project usad
this method.

My U.S. Patent that pertains to this use of synthetic vision is: U.S. Patent 5,904,724 Method and
Apparatus For Remotely Piloting an Aircraft issued May 18, 1999 to Margolin. (I am the inventor and

owner of the patent.) The patent application was filed January 19, 1996.

04490
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X-38 Project

| became aware that NASA was using synthetic vision in the X-38 project in the January 2003 issue of
NASA Tech Briefs, page 40, "Virtual Cockpit Window" for a Windowless Aerospacecraft. The
article is available at; http:/fwww.nasatech.com/Briefs/Jan03/MSC23096.html

This led me to Rapid Imaging Softwars, Inc. and their press release
(http://www.landform.com/pages/PressReleases.htm) which states:

"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.”

The RIS press release provided a link to an article in Aviation Week & Space Technology:
http:/iwww. aviationnow.com/avnow/news/channel space.isp?view=story&id=news/sx381211.xml

As a result of more searching | have discovered a link to a Johnson Space Center SBIR Phase Il award

to Rapid Imaging Systems at http://sbir.gsfc.nasa.qov/SBIR/successes/ss/9-058text.himl .

~ Itincludes a particularly relevant paragraph:

The Advanced Flight Visualization Toolkit (VisualFlight™) project is developing a suite of
virtual reality immersive telepresence software tools which combine the real-time flight
simulation abilities with the data density of a Geographic Information System (GIS). This
technology is used for virtual reality training of crews, analysis of flight test data, and as an on-
board immersive situation display. It will also find application as a virtual cockpit, and in
teleoperation of remotely piloted vehicles.

{The emphasis on teleoperation of remotely piloted vehicles is mine.}

A search of the SBIR archive shows the following entries.

For 2001 Phase |
Rapid Imaging Software, Inc.

Integrated Video for Synthetic Vision Systems

For 2001 Phase Il:
Rapid Imaging Software, Inc.

\@

04491



Carolyn Galceran

ntegrated Video for Synthetic Vision Systems

My U.S. Patent that pertains to this use of synthetic vision is: U.S. Patent 5,904,724 Method and
Apparatus For Remotely Piloting an Aircraft issued May 18, 1999 to Margolin. (I am the inventor and
owner of the patent.) The patent application was filed January 19, 1996.

The patent can be downloaded from the UPTO Web site (www.uspto.gov) in htm! (no drawings) or in an
odd tif format (with the drawings) that requires a special viewer.

An easier way to view and download the patent is through my Web site, on which | have posted the
patent in PDF format. The link is http://www jmargolin.com/patents2/rpv.htm .

While | have no way of knowing exactly what method(s) NASA used in controlling the X-38 (unless you
are willing to make a full disclosure) my patent covers techniques as exemplified by claim 1.

1. A system comprising:

a remotely piloted aircraft including,

a position determining system to locate said remotely piloted aircraft's position in three
dimensions; and

an orientation determining system for determining said remotely piloted aircraft's orientation in
three dimensional space;

a communications system for communicating flight data between a computer and said remotely
piloted aircraft, said flight data including said remotely piloted aircraft’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 flight
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 computer adjusts the sensitivity of said set of one or more remote flight controls

based on said defay time.

Although the X-38 project has been canceled, the methods developed to fly it are too good to waste and
should be used in follow-up projects like GRV.
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Synthetic Vision

| became aware of NASA's Synthetic Vision program perhaps two years ago from a program on NASA
TV. | was unable to follow it up at that time due to health problems and the demands of my other

patenting activity.

According to the NASA Aviation Safety Program Web site (http://avsp.larc.nasa.gov/program_svs.html)
Synthetic Vision Systems

TECHNOLOGY WOULD REDUCE AIRLINE FATALITIES
Synthetic Vision would give pilots clear skies all the time

A revolutionary cockpit display system being developed with seed money from NASA would help
prevent the world's deadliest aviation accidents.

And | agree.

My U.S. Patent that pertains to this use of synthetic vision is: U.S. Patent 5,566,073 Pilot Aid Using a
Synthetic Environment issued October 15, 1996 to Margolin. (I am the inventor and owner of the
patent.) The patent application was filed August 9, 1995, and was a continuation of Application Ser. No.

08/274,394, filed July 11, 1994

The patent can be downloaded from the USPTO Web site (www.uspto.gov) in htmi (no drawings) or in
an odd tif format (with the drawings) that requires a special viewer.

The patent can also be downloaded from my Web site in PDF format at:
http://www.jmargolin.com/patents2/pilot. htm

As with the X-38 program | have no way of knowing exactly what method(s) NASA used in its Synthetic
Vision program (unless you are willing to make a full disclosure). My patent covers techniques as

exemplified by claim 1.

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

comprising:
a position determining system for locating said aircraft's position in three dimensions;

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

terrain;

an attitude determining system for determining said aircraft's orientation in three dimensional
space;

a computer to access said terrain data according to said aircraft's position and to transform said
terrain data to provide three dimensional projected image data according to said aircraft's

onentation; and

a display for displaying said three dimensional projected image data.
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NASA's Visits to My Web Site

There is good reason to believe that NASA was aware of my work in these areas through visits to my
Web site. NASA has been visiting my Web site (www.jmargolin.com) regularly since | started it in
December 2000. (I have no objection to NASA's visits; | am flattered that NASA considers my Web site

worth visiting.)

A listing of NASA access statistics follows the end of this fax.

| also have regular visits from http://cap nipr.mil, which | understand is a secure gateway to other military
networks. | don't know if NASA uses nipr so | have not included it in my listing.

The Web Statistics software provided by my Web Hosting Service tell me who is visiting my Web site
and what people are looking at but not who is looking at what, (In January of this year | discovered there
are raw Web log files containing this information but my Web Hosting Service does not keep backup log

files older than the previous month.)

| am including an example of the detailed Web log data; it's understandable why my Web Hosting
Service abstracts it into a less detailed form.

The article being referenced is Unit Vector Math for 3D Graphics
(www.jmargolin.com/uvmath/uvmenu.htm)

Now that | can see what people are looking at | have noticed a great deal of interest in this article as well
as The Relationship between Unit Vector Rotations and Euler Angle Functions .

(www.jmargolin.com/uvmath/euler.doc)

These articles also seem to interest military contractors like Lockheed Martin (Imco.com), Boeing
(boeing.com), Northrop Grumman (northgrum.com), and SAIC (saic.hq.nasa.gov) as well as a large
number of educational institutions.

Some accesses are obviously just for fun, to articles such as to Gas Music From Jupiter
(www jmargolin.com/gmfi/amfi.htm)

There are also visits from most of our national labs. | expect they are interested in U.S. Patent
6,377,436 Microwave Transmission Using a Laser-Generated Plasma Beam Waveguide issued

April 23, 2002 to Jed Margolin.

Abstract

A directed energy beam system uses an ultra-fast laser system, such as one using a titanium-sapphire
infrared laser, to produce a thin ionizing beam through the atmosphere. The beam is moved in either a
circular or rectangular fashion to produce a conductive shell to act as a wavequide for microwave
enerqy. Because the waveguide is produced by a plasma it is called a plasma beam waveguide. The
directed energy beam system can be used as a weapon, to provide power to an unmanned aenal
vehicle (UAV) such as for providing communications in a cellular telephone system, or as an ultra-

precise radar system.

There is a possibility that this device could be used to make a linear Tokamak.
(www imargolin.com/debs/debs.htm) 044 94




Conclusion

| realize this is a great deal of material to wade through, but | would appreciate confirmation that
you have received it and, if possible, an estimate as to when | can expect to hear NASA's decision cn

this claim.

Hopefully, then we can discuss compensation. The ‘724 patent is available for sale if NASA
wishes to purchase it to avoid setting the precedent of the U.S. Government paying compensation for
each flight of an aircraft using my patent. (| don't think this would be popular with DOD.) | expect that
the first UAV to crash due to Pilot Induced Oscillation (or just Flight Computer Induced QOscillation, as
occurred in the first flight of the Predator) would cost more than the cost of buying my patent. | believe
this patent also has commercial applications like using UAVs for traffic reporting and in Law
Enforcement so your Commercialization Department may be able to generate income with it.

Sincerely yours,

Jed Margolin

\7@\

Here are NASA's visits to my Web site:

June 2001
nasa.gov
Total hits ~ Files Pageview Bytes sent | Hostname
2 00% 12 73232 0.02% | S -.\
. \
July 2001
nasa.gov b é
Total hits ~ Files Pageview Bytes sent | Hostname
24 027% 24 ] 216909 0.08% | /‘
1 0.01% 1 1 96274 0.04% i /
25 028% 25 2 313183 0.11%

August 2001 04495

nasa.gov
Total hits  Files Pageview Bytes sent  Hostname
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40 0.38% 40 1 184514 0.06% | i
24 0.23% 24 l 216909 0.07% | '
64 0.61% 64 2 401423 0.12% \
October 2001
nasa.gov ;
Total hits  Files Pageview Bytes sent | Hostname '
voows 11 siees7 oie |
November 2001
nasa.gov
Total hits  Files Pageview Bytes sent , Hostname
48 0.39% 24 2 216909 0.06% |
42 0.34% 42 1 532111 0.14% |
1 001% 1 1 21505 0.01% | ) ~)
91 0.73% 67 4 770525 0.21% \) [[ﬂ
Deccember 2001
nasa.gov
Total hits  Files Pageview Bytes sent | Hostname

1 001% 1 ] 90494 om%l—

February 2002
nasa. gov
Total hits  Files Pageview Bytes sent | Hostname

1 0.01% ] 0 120832 0.03% |
1 001% ! l 504805 0.11% |

625637 0.13%
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o
—
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March 2002
nasa. gov
Total hits  Files Pageview Bytes sent * Hostname

58 035% 45 5 319389 0.05%
6 0.04% 5 4 1299302 0.22%]
I 0.01% | 0 120832 0.02%|
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65 0.59% 51 9 17395323 0.20% s e
April 2002
nasa.gov

Total hits  Tiles Pageview Bytes sent - Hostname

40 0.23% 40 1 184514 0.03% ! :

7 004% 7 2 45302 0.01% \

1 0.01% | ] 5735 0.00% | \\,\

1 0.01% 1 0 120832 0.02% | \\,

49 029% 49 4 356383 0.06%
May 2002 \
nasa.gov \

Total hits  Files Pageview Bytes sent | Hostname

<

4.002% 0 0 0 0.00% | , _
1 000% 1 120832 0.02% )
1 0.00% ] 96274 0.02%_ [F

6 0.03% 2 1 217106 0.03%

—

June 2002
nasa.gov
Total hits  Files Pageview Bytes sent . Hostname

3002% 1 1 96694 0.02% |~

July 2002

nasa.gov
Total hits  Files Pageview Bytes sent | Hostname
43 0.19% 43 4 190275 0.03% |
42 0.19% 42 3 189552 0.03% | :
2 0.01% 2 2 7802 0.00% ;
1 0.00% t ! 350096 0.06% | !
I 0.00% l i 93686 0.02% | ;

89 0.39% 89 H 831411 0.14%

August 2002
11asa.gov
Total hits  Files Pageview Bytes sent : Hostname

2 o 24 1 216009 003% | 04497



e,

@ @

1 0.00% ] 1 90494 0.01%

1 0.00% 1 1 142144 0.02% | !
- T - 1

26 0.12% 26 3 449547 0.06%

September 2002

nasa.gov
Total hits  Files Pageview Bytes sent ; Hostname
5 0.02% 1 0 121328 0.02% |
I 0.00% 1 0 285696 0.04% |
1 0.00% 1 0 120832 0.02% |
7 0.03% 3 0 528056 0.08%
October 2002
nasa.gov
Total hits  Files Pageview Bytes sent | Hostname
98 0.45% 98 14 827297 0.11%]|
1 0.00% 1 1 49690 0.01% |
1 0.00% ] 0 120832 0.02%
1 0.00% 1 0 285696 0.04%
101 0.47% 101} 15 1283515 0.16%

November 2002

nasa.gov
Total hits  Files Pageview Bytes sent : Hostname

27 0.12% 25 1 506284 0.06% |

7 0.03% 7 2 45342 0.01% |

2 001% 2 2 1155686 0.15%;

1 0.00% ] ] 350096 0.04%¢

37 0.17% 35 6 2057408 0.26%

December 2002

nasa.gov
Total hits  Files Pageview
7 0.03% 7 2

Bytes sent ! Hostname

January 2003
nasa.gov
Total hits

Files Pageview

Bytes sent - Hostname

4 -

04498



{x3 :
AnE

10

2 000% 2 2 29120 oo0% ! [ NN
February 2003
nasa.gov

Total hits  Files Pageview Bytes sent ; Hostname

2 001% 2 2

29138 000% |

%
Bytes sent | Hosmame
184514 0.02%
40212 0.00%

l¢

April 2003
nasa.gov

Total hits  Files Pageview

40 0.17% 40 |
8 0.03% 5 4
5 0.02% ! 0 121528 0.01% |
4 002% 3 3 63471 0.01% |
3 0.01% 3 3 20881 0.00% |

60 0.25% 52 11 439606 0.05%

Example of Detailed Web Log Data

This is an example of the detailed Web log data, so it's understandable why my Web Hosting Service abstracts it

into a less detailed form.

The article being referenced is Unit Vector Math far 3D Graphics (www jmargolin.com/uvmath/uvmenu htm)

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/figl .gif HI'TP/1.1" 200 2590

“hetp://www jmargolin com/uvmath/uvmath.htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0

(0312461, NET CLR 1.0.3705)"

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:14 -OSOO] "GET /uvmath/ml. gif HTTP/1.1" 200 2237

*hitp://www jmargolin com/uvmath/uvmath.htm® "Mozilla/4.0 (compatible; MSIE 6.0, Windows NT 5.0;

Q312461;, NET CLR 1.0.3705)"

khgmac larc nasa. gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m2.gif HTTP/1.1" 200 1464
"hitp://www jmargolin.com/uvmath/uvmath.htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0;
(Q312461; NET CLR 1.0.3705)"

khgmac larc.nasa gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m3.@if HTTP/1.1" 200 715
“http:/iwww jmargolin com/uvmath/uvmath htm" "Mozilla/4 0 (compatible; MSIE 6.0; Windows NT 5.0
Q312461; NET CLR 1.0.3705)"

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m4.gif HTTP/1.1" 200 1720
"http:/iwww jmargolin.com/uvmath/uvmath.htm" “Mozilla’4.0 (compatible; MSIE 6.0; Windows NT 5.0;
Q312461; NET CLR 1.0.3705)"
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khgmac.larc.nasa gov - - [01/Apr/2003:09:32:14 -0500]  "GET /uvmath/m5.gif HTTP/1.1" 200 1738

“http://www jmargolin.com/uvmath/uvmath htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0;

Q312461, .NET CLR 1.0.3705)"

khgmac.larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m7.gif HTTP/1.1" 200 1549

"http://www jmargolin.com/uvmath/uvmath htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0

Q312461 NET CLR 1.0.3705)"

khgmac.larc.nasa gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m8 gif HTTP/1.1" 200 1939

"http://www.jmargolin com/uvmath/uvmath.htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0;

Q312461;, NET CLR 1.0.3705)"

khgmac.larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m6.gif HTTP/1.1" 200 1762

"hetp://www jmargolin.com/uvmath/uvmath htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0;

(Q312461; .NET CLR 1.0.3705)"

khgmac.larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmatVm9.gif HTTP/1.1" 200 4152

"http://www jmargolin com/uvmath/uvmath.htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0;

Q312461; NET CLR 1.0.3703)"

khgmac.larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m10.gif HTTP/1.1" 200 2732

"http://wWw,hnarggﬁg_com/uvmath/uvmal'h.htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0

Q312461; NET CLR {.0.3705)"

khgmac.larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m1 1. gif HTTP/[.1" 200 2572

"htp:/fwww jmargolin.com/uvmath/uvmath. htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0

Q312461; NET CLR 1.0.3705)"

khgmac.larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m12 gif HTTP/1.1" 200 2580

"hetp://www jmargolin.com/uvmath/uvmath htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0;

Q312461; NET CLR 1.0.3703)"

khgmac.larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m13.gif HTTP/1.1" 200 3915

“http.//www Jmargolin.com/uvmath/uvmath htmy" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0:

Q312461; NET CLR 1.0.3705)"

khgmac.larc.nasa. gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m14 gif HTTP/1.1" 200 259}

“http://www. jimargolin comyuvmath/uvmath.htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0

Q312461; NET CLR 1.0.3705)"

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m | 5.¢it HTTP/[.1" 200 2224

"http://www jmargolin.com/uymath/uvmath.htm" "Mozilla/4.0 (compatible; MSTE 6.0; Windows NT 5 0

(Q312461, NET CLR 1.0.3705)"

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m16.gif HTTP/1 1" 200 1858

"http://www.jmargolin com/uvmath/uvinath.htm" "Mozilla/4 0 (compatible; MSIE 6.0: Windows NT 5.0

Q312461; NET CLR 1.0.3705)"

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m1 7. gift HTTP/1.1" 200 1742
“http://www margolin.convuvmath/uvinath.htm” "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0
0312461; NET CLR 1.0.3705)"
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khgmac larc.nasa.gov - - [01/Apr/2003.09:32:14 -0500] "GET /uvmath/m18 git HTTP/1.1" 200 2642
"hetp://www.jmargolin com/uvmath/uvmath htm" "Mozilla/4.0 (compatible; MSIE 6.0: Windows NT 5.0;

Q312461; NET CLR 1.0.3705)"

khgmac.larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/mi9.gif HTTP/1.1" 200 1738
“http-/iwww jmargolin.com/uvmath/uvmath.btm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0;

Q312461; NET CLR 1.0.3705)"

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET /uvmath/m20.gif HTTP/[.1" 200 1762
“http://www.jmargolin.com/uymath/uvmath. htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0;

Q312461; .NET CLR 1.0.3705)"

khgmac.larc.nasa.gov - - [01/Apr/2003:09:32:14 -0500] "GET hwvmath/m21.gif HTTP/1.1" 200 1696
“hitp://www_jmargolin.com/uvmath/uvmath htm" "Mozilla/4.0 (compatible; MSIE 6.0 Windows NT 5.0;

Q312461;, NET CLR 1.0.3705)"

khgmac larc nasa gov - - [01/Apr/2003:09:32:15 -0500] "GET /uvmath/m22.gif HTTP/1.1" 200 2224
"http://www jmargolin.com/uvmath/uvmath.htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0;

Q312461; NET CLR 1.0.3705)"

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:15 -0500] "GET /uvmath/m23.gif HTTP/1.1" 200 1858
"http://www.jmargolin. com/uvmath/uvmath htm" "Mozilla/4.0 (compatible; MSIE 6.0 Windows NT 5.0,

Q312461; .NET CLR 1.0.3705)"

khgmac.larc.nasa gov - - [01/Apr/2003:09:32:15 -0500] "GET /uvmath/m24 gif HTTP/1.1" 200 1711
*hrtp://www imareolin.com/uvmath/uvmath htm" "Mozilla/4.0 (compatible; MSIL 6.0; Windows N'T 5.0;

Q312461, NET CLR 1.0.3705)"

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:15 -0500] "GET /uvmath/fig6.gif HTTP/1.1" 200 3304
“http://www inargolin.com/uvmath/uvmath htm" "Mozilla/4.0 (compatible, MSIE 6.0; Windows NT 5.0,

Q312461; NET CLR 1.0.3705)"

khgmac larc nasa.gov - - {01/Apr/2003:09:32:15 -0500] "GET /uvmath/fig7. gif HTTP/1.1" 200 995
“htip /fwww jmargolin. com/uvmath/uvmath. hum" "Mozilla/4 0 (compatible; MSIE 6.0; Windows NT 5.0;
Q312461; NET CLR 1.0.3705)" '

khgmac larc nasa.gov - - [01/Apr/2003:09:32:15 -0500] "GET /uvmath/fig8 git HTTP/1.1" 200 444
"http//www jmargolin. com/uvmath/uvmath hem” "Mozilla/4.0 (compatible; MSIE 6.0, Windows NT 5.0
Q312461;, NET CLR 1.0.3705)" ‘

khgmac larc.nasa. gov - - [01/Apr/2003:09:32:15 -0500] "GET /uvmath/fig11.git HTTP/1.1" 200 3186
"http://www,jmargolin.com/uvinath/uvmath htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0;

Q312461; NET CLR 1.6.37035)"

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:15 -0500] "GET /uvmathv/fig!2 it HTTP/1.1" 200 3743
"http /www.jmargolin com/uvmath/uvmath.htm” "Mozilla/4.0 {compatible, MSIE 6.0; Windows NT 5.0;

(0312461; .NET CLR 1.0.3705)"

khgmac larc nasa.gov - - [01/Apr/2003:09:32:15 -0500] "GET /uvmath/fig14. git HTTP/1.1" 200 1936
"http://www. jmargolin.com/uvmath/uvmath.htm” "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0;
Q312461; NET CLR 1.0.3705)"
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khgmac.larc.nasa gov - - [01/Apr/2003:09:32:15 -0500]  "GET fuvmath/fig16,jpg HTTP/1.1" 200 61706
"hutp://www jmargolin. com/uvmath/uvmath htm" “Mozilla/4.0 (compatible; MSIE 6.0, Windows NT 5.0;
Q312461; NET CLR 1.0.3705)"

khgmac.larc.nasa.gov - - [01/Apr/2003:09:32:15 -0500] "GET fuvmath/m25.gif HTTP/1.1" 200 1358
“hup://www.jmargolin com/uvmath/uvmath htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0:
Q312461; NET CLR 1.0.3705)"

khgmac larc.nasa gov - - [01/Apr/2003:09:32:15 -0500] "GET fuvmath/m26 gif HTTP/1.1" 200 1413
"http://www. jmargolin.com/uvmath/uvimath.htm" "Mozilla/4.0 (compatible; MSIE 6.0: Windows NT 5.0

Q312461; NET CLR 1.0.3705)"

khgmac larc.nasa gov - - [01/Apr/2003:09:32:15 -0500] "GET fuvmath/m27 gif HTTP/1.1" 200 1052
"http://www jmargolin. com/uvmath/uvmath htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0
Q312461; NET CLR 1.0.3705)"

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:15 -0500] "GET fuvmath/m28 gift HTTP/1.1" 200 1017
"http://www jmargolin com/uvmath/uvmath htm* "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.0

Q312461; .NET CLR 1.0.3705)"

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:15 -0500] “GET fuvmath/m29 gif HTTP/1.1" 200 1673
“http://'www jmargolin. com/uvmath/uvmath.itm" "Mozilla/4.0 (compatible; MSIE 6 .0: Windows NT 5.0;

Q312461; NET CLR 1.0.3705)"

khgmac.larc.nasa.gov - - [01/Apr/2003:09:32:15 -0500] "GET fuvmath/m30 gif HTTP/1.1" 200 2224
“hup://www jmargolin.com/uvmath/uvmath htm" "Mozilla/4 0 (compatible; MSIE 6.0; Windows NT 5.0
Q312461; NET CLR 1.0.3705)" .

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:24 -0500] "GET /uvmath/uvmath.htm HTTP/1.1" 200 40231
“http //www.google com/search?q=+%22euler+angle®422 tnormal+openGl.&hl=en&lr=&ie=UTF-8& 0e=UTE-
8&start=10&sa=N" "Mozilla/4.0 (compatible; MSTE 6.0; Windows NT 5.0, Q312461; NET CLR 1.0.3705)"

khgmac larc.nasa.gov - - [01/Apr/2003:09:32:24 -0500] "GET fuvmath/fig3 gif HTTP/1.1" 200 2524
“http://'www jmargolin com/uvmath/uvmath.htm" "Mozilla/4.0 (compatible; MSIE 6.0; Windows NT § 0:
Q312461; NET CLR 1.0.3705)"
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METHOD AND APPARATUS FOR
REMOTELY PILOTING AN AIRCRAFT

BACKGROUND OF THE INVENTION—CROSS
REFERENCES TO RELATED APPLICATIONS

“«pilot Aid Using a Synthetic Environment”, Scr. 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 ficld of remotely piloted
vehicles (RPVs) and unmanned acrial vehicles (UAVs).

2. Discussion of Prior Art

RPVs can be used lor any number ol purposes. For
cxample, there is a large organization that promotes the us¢
of remote controlled planes. Certain RPVs arc controlicd by
viewing the planc with the naked ey and using a band held
controller to control its flight Other RPVs are controlled by
a remote pilot using simple joysticks while watching the

video produced by a camera in the remote aircratt. This 2

camera is also used to produce the reconnaissance video.
There are tradeoffs involving the resolution of the video, the
rate al which Lhe video is updated, and the bandwidth needed
1o transmil it. The wider the bandwidth the more difficult it
is to sccurc the signal. The freedom to balance these
tradeolTs is limited because this video is also used L pilot the
aircraft and must therefore be updated frequently.

Certain UAVs are preprogrammed to follow a predeter-
mincd course and lack the Hexibility to deal with uncxpected
situations.

The 1983 patent to Kanaly (US. Pat. No. 4,405,943)
shows a control and commuaications system for a remotely
piloted vehicle where an oculometer determines where the
remote operator is Jooking and signals the remote vehicle to
send the high resolution imagery corrusponding lo the arca
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 1o the remote operalor.

SUMMARY

A method and apparatus is described that allows a remoic
aircraft 10 be controlled by a remotely located pilot who is
presented with a synthesized three-dimensional prujcclt.:l.l
view representing the environment around the remote air-
craft According to one aspect of the invention, a system is
ased that includes an aircraft and a remote pilot station.

‘IThe aircrall uses a commuaications 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
struclures in the remote aireralls environment o produce a
3D view of the remole aircraflt eavironment and present itto
the remote human pilot.

The remote pilot respoads 1o the information and manipu-
lates the remote flight controls, whosc positions and forces
are transmitied to the remote aircrall. Since the arount ol
data is small, it can be readily secured through encryption
and spreadspectrum technigues.

Also, because the video reconnaissaice cameras are no
longer needed to cemolely pilot the aircraft there is greal
flexibility in their use. To minimize bandwidth and reduce
the possibility of being detected, the video data cin be seat
at a slow updatc rate. The data can also be stored oa the
remole aireralt for laler 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 reconnaissance camera.

The delay in the control link must be minimized in order
that the remote aircrafl can be properly flown. The system
can measure the link delay and make this information
available to the pilot. This delay link measurcment can also
be used to modily the control sofiware through which the
remote pilot flies the remote aircraft. This is 10 prevent
pilot-induced-oscillation.

‘I'he 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 [rom the
remote pilot. It also makes it possible to pravide compuler
assistance to the remote pilot. In this mode, the remote flight
control controls absclute pitch 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
modc is provided to give the remote pilot the same type of
control that is used to fly a manned aircrafl. Since the remote
aircraft is unmanned, the remote pilot can subject the remote
aircraft to high-G maneuvers that would not be safe [or a
pilot present in the aircraft.

To facilitate training, a simulated remote aircraft is pro-
vided that allows an instructor to sct up the training mission
and paramelers. This is especially useful in giving remote
pilots experience flying with ditferent control link delays. In
this simulated mode, the system can be further linked 0 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 to give the remote pilot a greater field of view.
There can even be a display channel 1o give a rearward
facing view.

A second embodiment uses a head mounted display for
the remote pilot instead of a standard display. This permits
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.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may best be understood by referring o the
following description and accompanying drawings which
illustrate the iovention. In the drawings:

FIG. 1 is a general illustration showing a remote pilot at
a remote pilot station operating a remote aircralt according
to one embodiment of the invention.

FIG. 2 is a block diagram showing, the communications
link between a remote pilot station and a remote aircrafl

~ according to one embodiment of the invention.

FIG. 3 is a block diagram of a'remote aircraft according
o one embodiment of the invention.

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

FIG. § is a block diagram of a remole pilot station
according, to another embodimeat ol the inveniion.

FIG. 6 is a block diagram of a remote aircralt simulator
used [or lraining remole piots according (o one embodiment
of the fuvention.

FIG. 7 is an cxample of a three dimensional projected
image presenled o a remole pilot by a remote pilot station
according to one embodiment of the iaveation.
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DETAILLED DESCRIPTION

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

A method and apparatus is described that allows a remote
aircralt 1o be controlled by a remotely located pilot who is
prescnted with a synthesized threc-dimensional projccn;d
vicw representing the environment around the remole 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 aireralt
and the remote pilot is small. This provides greater flexibil-
ity in how the remote aircraft is uscd and allows the
transmitted data to be made more sceure. The remote aircraft
may be of any type, for example a remote control plane or
helicopter as used by recreational enthusiast.

FIG. 1 is a general illustration showing a remote pilot at

a remole pilot station operating a remote aircraft according
to onc cmbodiment 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 and an Anteana 105 for communicating Information
106.

fn one embodiment, Information 106 includes status
information concerning the status of Remote Aircraft 103
and fight control information for controlling the Hight of
Remote Aircrafl 103, ‘The status information is generated by
Remote Aircraflt 103 and includes the three dimensional
position and the orientation (also termed alFimdc. and com-
prising heading, roll, pitch) of Remole Aircraft 103. Thc
status information may also include information concerning
the flight surfaces, the cnging, an additional allitude reading,
cle. Remote Pilot Station 101 uscs this status information to
retreve data from a Digital Database 107 which contains a
three-dimensional description of terrain and manmade struc-
Lures over which Remote Aircraft 103 is flying. Bascd on the
three dimensional data retrieved from Digital Database 107,
Remote Pilot Station 101 projects a synthesized three-
dimensional projected view ol the terrain and manmade
structures in the vicinity of Remote Aireralt 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 tlight
accordingly.

In one embodiment, the Remote Aircraft 103 is a remote
controlled plane or helicopter used for recreational purposes.
Since remote controlled planes and helicopters tend to be
small in size, the circuitry in such remote aircraft to generate
and receive Iaformation 106 is minimized. In such systems,

the Remote Pilot Station 101 may be implemented by

including additional attachmeats 1o an existing portable
compuls;r, This allows the user to casily transport (h‘c remole
aircralt and pilot station to an appropriate location lor flight.

F1G. 2 is a block diagram showinyg a bi-direclional com-
munications link between a remotce pilot station and a remote
airerall according to one cmbodiment of the iavention. FIG.
2 shows Communications Transceiver 200 coupled to
Antenna 104 of Remote Pilor Station 101, as well as
Commuunications Transceiver 204 coupled to Antenna 108
of Rerote Aircraft 103, [n addition, FIG. 2 shows [nforma-
tion 106 beiny communicaled between Antenna 104 and

Aotenna 103,
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F1G. 3 is a block diagram of a remote aircraft unit used in
the remote aircraft according to one embodiment of the
invention. FIG. 3 shows Remote Aircraft Unit 300 including
Computer 308 coupled to GPS Recciver 301, Turn-and-bank
Indicator 302, Gyrocompass 303, Communications Trans-
ceiver 204, Aircraft Engine and Sensors 309, and Aircraft
Flighi Surfaces and Sensors 310. GPS Receiver 301 receives
signals {rom Lhe satellites that make up the global position-
ing system (GPS) and calculates the aircraft’s position in
three dimensions. Turn-and-bank Indicator 302 and Gyro-
compass 303 provide the aircraft’s oricntation which com-
prises heading, roll, and pirch. ‘This data is sent to Compuler
308 for transformation into the previously described status
information. Computer 308 transmits this status information
to Communications Transceiver 204 which produces a radio
signal and supplies it to Antenna 105.

The Aircraft Engine and Scosors 309 arc coupled to
control the aircraft’s engine, while the Aircraft Flight Sur-
faces and Sensors 310 are coupled to control the aircraft’s
flight surfaces. The flight comtrol 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
the pecessary signals for iransmission to Aircraft Eogine and
Scnsors 309 and Aircraft Flight Surfaces and Scnsors 310 to
control the aircrall’s engine and Night surfuces, respectively.
The operation of the aircraft’s flight control surtaces will be
later deseribed with reference to FIG. 4.

In order to proteet against ECM, the communications link
between the Remote Pilot Station 101 and the Remote
Alrerafi 103 may be secured. While any number of dilferent
techniques may be used to secure this link, in one embodi-
ment Computer 308 is implemented to encrypttdecrypt the
data transmitted and Communications Transceiver 204 s
implemented to use spread spectrum techniques.

Computer 308 may optionally be coupled 1o Altimeter
304, Video Camera System 305, Infrared Video Camcra
System 306, Radar 307, and/or Video Storage Unit 311.
Altimeter 304 provides an output of the aircraft’s altitude as
a safety check in the event GPS Receiver 301 malfunctions.
Thus, this additional altitude reading may also be transmit-
ted to Remote Pilot Station 101 as part of the stalus
information.

Video Camera System 305 is controlled by Computer 308
which determines where the camera is pointing as well as
locusing and the zoom factor. The video produced by the
camera is not used by the remote pilot for flying the remote
aircraft, so there is more tlexibility in using the video. As a
result, any number of techniques can be used for receiving
the images captured by Video Camera System 305. As
examples:

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

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

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

for later transmission.

4. 'The video may be transmitied through a separate

communications link.

5. There may be multiple video cameras.

[nfrared Video Camnera System 306 is similar to Video
Camera Sysiern 305 and has the same operating modes.

Radar 307 in Remole Adrcralt 103 may be passive or
active. It may scan a particular pattern or it may track

2
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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 lrans-
mitted over the commuaication liok to the Remote Pilot
Station 101 for display.

FIG. 4 is a block diagram of a remole pilot station
according to one embodiment of the invention. FIG. 4 shows
4 Remote Pilot Station 400 including a Computer 405
coupled 1o Communications Transceiver 201, Digital Data-
base 107, Graphics Systein 406, User Flight Controls with
Force Feedback 408, and a Storage Device 409. The Storage
Device 409 represeals one 0r more mechanisms [or storing
data. For example, the Slotage Device 409 may include read
only memory TROM), random access mecmory (RAM),
magnetic disk storage mediums, optical storage mediums,
(lash memory devices, and/or other machine-readable medi-
ums. Of course, Digital Database 107 may be stored in one
or more machine-readable medinms and/or in Storage
Device 409.

As previously described, Antenna
signals transmitted by Remote Aircralt 103 representiog the
slatus information of Remote Alrcraft 103. ‘These radio
signals are transformed by Communications Transceiver
201 and sent to Computer 405. Communications Transceiver
201 is sct to the same mode as Communications Transceiver
204, so that if, for example, spread specirum techniques are
used, the signal will be transparently received. Computer
405 recovers the data (de-encrypting, if required) so that the
duta communications {rom Computer 308 in the Remote
Aircraft to Computer 405 in the Remote Pilot Station is
transparent. Thus, the bi-directional comimunications link
comprises the combinalivn 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 dimeasional position
and the orentation of Remote Alrcrall 103. The status
information may also include information concerning the
flight surfaces, flight sensors, the eongine, an additional
altitude reading, ctc. Computer 405 uses this status infor-
mation to retrieve data [rom Digital Database 107 which
contains a three-dimensional description of terrain and man-
made structures over which Remote Aireraft 103 is flying.
The composition and creation ol the Digital Database 107 is
further deseribed later. Basced on the three dimensional data
retrieved from Digital Database 107, Computer 405 per-
forms the mathematical operations to transform and project
the three dimensional data w gencrate video data represent-
ing a synthesized (hree-dimensional projected view of the
terrain (and, if desired, manmade struclures) 1o the viciaity
or environment of Remote Aircraft 103. ‘this video data is
iransmitted o Graphics System 406, which displays the
synthesized three-dimensional projected view on Video Dis-
play 407.

Since the image is gencrated from the digital databasc,
virlually any image ol the environment of the Remote
Adreraft 103 can be generated. As examples, the pilot may
<elect the eaviroament o be: 1) a simulated image of what
would be scen out of the cockpit of a manaed aircraft on a
similar Right path; 3) a simulated image of what wauld be
seen when looking in any direction (€.g. backwards, oul a
side window, etc.); 3) a simulated image of what would be
seen if a camera were tailing the remotely piloted aircraft;
cte. In addition, the simulated image may be sct to any
magaification. Thus, the phrasc cnvironment of Remole
Adrcrall 103 is intended to ioclude any image generated with
reference 1o the remote aireraft’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 Tlight Controls may be of any number of different
types, some of which are further described later herein. The
status inlormation received by Computer 405 also includes
information received from Aircraft Flight Surfaces and
Sensors 310, This information is used to actuate force
feedback circuitry in User Flight Coatrols With Force Feed-
back 408. Remote Pilot 102 observes the synthesized three-
dimensional covironment displayed on Video Display 487,
feels the forces on User Flight Controls With Force [eed-
back 408 and moves the controls accordingly. This flight
control information is s¢nt through the communications link,
to Computer 308, and is used to control the aircraft light
surfaces in Aircraft Flight Surfaces and Sensors 310.
Remote Pilot 102 also receives data from Aircraft Engine
and Sensors 309 through the communications link and is
able to send data back to controt the engine.

Flight Control

To illustratc the operation of the remote aircraft, a fixed-
wing airplane will be described as an example. However, the
hasic principlcs apply to other types of aircraft as well. The
hasic control surfaces of an airplane consist of the ailerons,
the horizontal clevators, and the rudder. The ailcrons are
moved differentially (one up, one down) to rotate the air-
planc around its roll axis; the horizontal clevators cause the
airplane to rotate around its pitch axis; and the rudder causes
the airplane to rotate around its yaw axis.
~ When the ailerons are used to modify the lift character-
istics of the wings, une winy creales more Lilt while the other
}A‘i.rlg creales less lift. This also changes the drag character-
istics of the wings and results ina yaw [oree that is opposile
to the yaw force that results from the tail section causing the
airplane lo weather-cock into the relative wind. Itis this yaw
fprcc caused by the airplane weather-cocking into the tela-
tive wind that causes a banked airplane to urn. The opposite
yaw force produced by using the ailerons is called adverse
yaw; the rudder control is used to counteract this [orce 0
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-
nected 1o the flight control surfaces. With a joystick, moviny
the stick lelt and right moves the ailerons, while moving the
stick forward and backward moves the horizontal clevators.
The rudder is controlled by twa foot pedals, oue [or sach
{oot, that are mounted on a common shaft and hinged in the
middle like a sccsaw. Pressing one foot pedal forward causcs
the other foot pedal to move backward and causes the rudder
10 also move in one direction. Pressing the other [vot pedal
causes it to move forward and the opposite pedal to mave
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 o a shaft that moves in and out
of the control housing. Turning the wheel clockwise or
counterelockwise moves the ailerons; moving the wheel
shalt in and out moves the horizonlal elevators. The rudder
pedals as the same as those used with a joystick.

In order 1o aid in a description of remote aircraft
operation, it is thought worlhwhile 1o 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); direet control or computer
control (also termed as computer mediated).

Direct Control Non-Remotely Piloted Vehicles

When the (light coatrols are connected direcily (o the
control surlaces the result is a second order system. Using

04513



5,904,724

7

the joystick as an example, moving the joystick left or right
establishes a roll rate. The airplane continues to roll uatil the
joystick is returned 1o the center posilion, after which the
airplane remains in the bank angle thus established. The fout
pedals arc 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 unul the
joystick is returned to the cenler position, alter which the
airplane remains in the pilch sugle thus established. Both the
roll rate and the pitch rate are subject o the limits of the
airplanc’s design.

Since the joystick is directly connected lo the control
surfaces, the acrodynamic lorces on the control surfaces are
transmitied back to the pilot, giving him or her valuable
feedback on how the airplanc is llying.

The successful operation of the second order system with
the pilot in the loop depends on scveral 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 depend on the reaction time of the pilot. If the
resulting system is poorly designed it may be unstable,
which means it may not be possible for o human pilot to lly
it safely. An example of an unstable system is where the pilot
desircs to perform a gentle roll to the right and so moves the
joystick to the right, the airplanc’s roll rate is faster than }hc
pilot desires so he/she attempts to compensate by moving
the joyslick to the lefl, the airplane rolls left at a rate that is
faster than the pilot desires so he/she moves the joystick 1o
the right, and so on, with the pilot constantly 0vercorrecling
and with the aircraft’s rolling motions constantly getting
larger and larger until the aircrall gets into a condition [{om
which it may nat be possible to recover, (e.g., spinning into
the ground). The type of loss of control described is usually
reterred 1o as ‘pilot induced oscillation’ and although it may
be caused by an incxpericnced or inattentive pilot, it is more
often caused by poor airplane design. ‘Ihercfore, new uir-
plane designs arc exlensively tested o make sure they can be
safely flown. Examples of airplanes that use direct control of
the contral surfaces (Direct Control Second Order Systems)
are the Cessoa 150 and the Piper Cub.

Computer Mediated Noo-Remotely Piloted Vehicles

Computer mediated control systems use a computer
between the pilot controls and the controk surlaces. The pilot
controls are read by the computer, the data are modificd in
a particular way, and the computer sends coatrol signals to
the control surtaces. The computer may also sense the forces
on the control surface and use it to control torce feedback to
the pilot controls. This type ol cormputer mediated c_unlml
may he used to {ly an airplane that would otherwise be
unstable, such as the F16 or the F117. Aircraft such as the
16 and F117 are also sceond order systems because the
position of the piloUs joyslick represents rale ol rotation.

There are risks inherent ia a computer mediated system.
Although the program can he simulated extensively before
using it in an actual airplane, the compuler program may be
quitc large and therefore difficult w simulate uercr all
possible condilions. An exuample of this is the Swedish J.AS
39 Gripen Fighter. Despite extensive simulation of the flight
control system, during a test tlight 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 o low-speed high-
banked turn at a 280 meter altitude with fit aftecburners and
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was leaving the turn when his actioos led 10 ‘pilot-induced
oscillation’. (Aviation Week & Space 'lechnology, Aug. 23,
1993, pages 72-73).

Having described techniques for operating non-remotely

piloted vehicles, the Fight Control Modes far RPVs will he
described.

Second Order RPV [light Control 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
remole aircraft must first determine the aircraft’s position
and orientation. The additional processing [or transmitling a
secure signal by encryption and/or spread spectrum tech-
nigues may create additional delays. ‘Iransmission delay of
signals between the remote atrerall and remote pilot station
1s negligible for a dicect path. However, if the signals are
rclayed through other facilitics 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
syathesized 3D projected view from the remote aircraft. In
one cmbodiment, the RPV system measures the various
delays and modifies the control laws used by the computer
n the remote pilot aircratt and in the feedback provided by
the computer in the remote pilot station Lo the remote pilot.
For example, the computer may adjust the sensitivity of the
User Flight Controls 408 according to the delay (¢.g., as the
delay increases, the compuler will decrease the sensitivity of
the flight controls). The system also displays the measured
delay 1o the remote pilot.

First Order RPV Flight Control Mode

The stability of the flight control system, and thus the
flyability 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 represcats
an angle relative to the horizon, instead of represcnting a rate
of rotation as in a sceond order system. The position of the
joystick is transmitted to the computer in the remote aircraft
which moves the control surtaces as required to place the
remote aircratt in the requested onentation. ‘The control
system in the remole aircraft is sill a second order system
but the delays in the communications link and the remaote
pilot station are no longer a part ol the system’s loop.

When a joystick is centered, the remote aircraft will fly
straight and lIevel. When the joystick is to the right of center
the remote aireratt will be in a right banked turn. When the
Joystick 1s o the left of center the temote aircraft will be in
a left banked turn. When the joystick is backward fram
center the remote aircraft will be in a pitch up orientation.
When the joystick s forward of ceater the remote atreraft
will be in a pitch down orientation.

The amount of bank and pitch permitted depends on the
design of 1be remwote atrcraft. A high performance remote
aircraft will be capable of a greater amount of pitch and bank
than will a low performance remote aircraft.

Referring again to IF1G. 4, Computer 405 may optionally
be coupled to Control Pancl 402, Keyboard 403, Simulation
Port 404, Video lfnterfuce 410, VCR 411, and/or Video
Display 412. In one embodiment, Control Punel 402 con-
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tains specialized lights, displays, and switches to allow a
quicker response o situations than can be provided by
Keyboard 403. Control Panel 402 can be arranged to
approximate the look and feel of an actual aireraft cockpit.
Keyboard 403 allows Lhe remote pilot to select various
operating modes. For training purposes, Simulation Port 404
allows the remote pilot station to be connected to a remote
aircrafl simulator tnstead of an actual remote aircraft. The
remote ajrcraft simulator will be further described with
reference to FIG. 6. Storage Device 409 allows the Hight
data 1o be recorded. During playback this previously
recorded data is substituted for real-time data from the
remote aircraft to replay the mission for analysis. Any video
received from any reconnaissance cameras on the Remote
Aircraft 103 is cooverted 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. S is a block diagram of a remote pilot station
according (o another embodiment ol the inveation. F1G. 5
shows Remote Pilot Station 500. Remote Pilot Station 500
is similar o Remote Pilat Station 400 of F1G. 4, except
Video Display 407 is replaced by FHead Mounted Display
501. 1n addition, Head Mounted Display Attitude Sensors
502 are coupled to Computer 405, FHead Mounted Display
Attitude Sensors 502 measure the attitude of Head Mounted
Display 501. This information is used by Computer 405 to
produce an additional three dimensional transformation of
the data from Digital Database 107 1o account for the
attitude of the remote pilots Head Mounted Display 501
‘I'his 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 aircralt
used for training remote pilots according to one embodiment
of the invention. F1G. 6 shows Remote Aircraft Simulator
600 including Computer 605 coupled o Aerodynamic
Model Processor 601, Instructor Controt Panel 602, Key-
hoard 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 behaviar of a remote aircraft. An
instructor uses lnstructor Control Panel 602 and Keyboard
603 to select various training scenarios. Graphics System
606 and Video Display 607 arc uscd to obscrve the operation
of the system. Slorage Device 608 is used 1o record the
training session for later evalualion of the session. In addi-
tion to proficiency training, the Remole Aircraft Simulator

can also be used to practice a proposed mission. The data

communicated 1o 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 baitleticld simulation system such s SIMNET, mixing
aireraft, 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 belween the remole aircralt simulator and the
remote pilot station. This allows the remote pilot station to
display onc or more otber simulated catitics (¢.g., tanks,
ground troops, other aircraft, cte.) described by the battle-
ficld simulation information.

The Database
The Digital Database 107 can be comprised o[ any type of

Jata from which a three dimensional image can be gener-
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ated. For example, the US. Geological Survey (USGS)
makes available various databases, two of which are of
particular interest The first is the Digital Llevation Model
data which consist of an array of repularly spaced terrain
elevations,

The other USGS database is the Digital Line Graph data
which includes: political and admimstrative boundarics;
hydrography consisting of all lowing water, standing water,
and wellands; major transporlation systems consisting ol
roads and trails, railroads, pipelines, transmission lines, and
airports; and significant manmade struclures. The Digital
Line Graph data is two-dimensional. In the present invention
features such as waler, roads, ruilroads, and pipelioes are
represented as polygons with elevations determined from the
Digital Elevation Model data. Transmission lines and sig-
nificant manmade structures are defined as three-
dimensional objects made of polygons and are placed
according, (0 the elevations determined from the Digital
Elevation Modcl data. The different types of objects arce
tagged so that the remote pilot can select them to be
highlighted by category or by specific abject.

Data from additional digital databascs can also be incor-
porated. An example of such a database is from Jeppesen
Sanderson whose NavData Services division provides acro-
nautical charts and mukes this information available in
digital form.

The procedurc tor gencrating 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 el al. (U.S. Pat.
No. 5,179,638 METHOD ANL APPARATUS FOR GEN-
ERATING A TEXTURE MAPPED PERSPECTIVE
VIEW). One disadvantage of generating the synthesized
three-dimensional view from these clevation databascs 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 generated using any number of techniques. For example,
this database may be gencrated by transforming onc or more
clevation databases into a polygon database using the tech-
nique taught in “Pilot Aid Using a Synthetic Environment”,
Ser. No. 08:/274,394 filed Jul. L1, 1994, Another method for
transforming onc or more clevation databasces into a polygon
database is taught in “Digital Map Generator and Display
System”, Ser. No. 08/543,590, filed Oct. 16, 1995. An
example of a three dimensional projected image created
from this database is shown in FIG. 7.

While the invention has been described in terms of several
embodiments, those skilled in the art will recognize that the
invention is not limited Lo the embodiments described. The
method aad apparatus of the invention can be practiced with
modilication and alteration within the spirit and scope of the
appended claims. The description is thus to be regarded as
Hlustrative instead of hmiting on the inveation.

What is claimed is:

L. A systern comprising:

a remotely piloted aireratt including,

a position determining system to locate said remotely
piloted aircraft’s position in three dimensions; and

an orientation determining system for determining said
remotely piloted aiceralt’s orientation in three
dimensional space;

1 communications system for communicating flight dita

hetween i compurer and said remotely piloted aireralt,
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said flight data including said remotely piloted air-
craft’s position and oricntation, said flight data also
including Night control information for controlling said
remotely piloted aireraft;

a digital database comprising terrain data;

said computer 1o 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 aireralt’s

arientation; :

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 flight control information,
wherein said computer is also for determining a delay
time for communicaling said {light data between suid
computer and said remotely piloted aircraft, and
wherein said computer adjusts the sensitivity of said sct

=

of onc or more remote Hight controls based on said

delay time.

2. The system ol claim 1, wherein:

said remotely pilated aircraft includes a device for cap-

wring image data; and

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

image data is not transmitted from said rcmotcly
piloted aircrall (o said computer at a suflicient data rate
to allow for real time piloting of the remotely piluted
aircrafi.

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

4. The syslem 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, whercin said communicalions
system is also for communicating video data representing
images captured by said sct of onc or mare video camcras,
said video data for displaying said images.

6. The system of claim 5, wherein said video data is
wransmitted on a ditfereat communication link than said
flight data.

7. The system of claim 4, wherein at [east one camera 1
said set of oae or more video cameras is an inlrared camera.

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

9. I'he system of claim 1, wherein said set of one or more
remote Qight controls is responsive to manual manipula-
tions.

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

11. The system of claim 1, whergin said compuler i also
used for correcting adverse yaw without requiring input
from said set of one or more remote Hight controls.
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12. The system of claim 1, wherein:

said remotely piloted aircraft lncludes a device for cap-
luring 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 airccaft.

13. A station [or [lying a remotely piloted aircralt that is

real or simulated comprising:
a databasc comprising terrain data,

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

a computer having a communications uait configured to
receive status information identifying said remotely
piloted aircraft’s position and orientation in three
dimensional space, sald computer configured to access
said tcrrain data according to said status information
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 to said set of remote flight controls and
said communications unit for traosmitting 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
airerafl, and said computer lo adjust the sensitivity ol
said set of remote flight controls based on said delay
time; and

a display configured to display said three dimensional
projected image data.

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

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

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

17. The station of claim 13, wherein said sct of remote
light controls is responsive to manual manipulations.

18. The station of claim 13, wherein said set of remote
flight controls arc 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
gonﬁgurud to correct adverse yaw without requiring 1npul
from said set of remote flight controls.

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